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PKEFACE 


TO  THE  NINTH  EDITION. 


Less  than  four  years  have  passecf  since  the  Eighth  Edition  of  the 
"  Science  and  Art  of  Surgery  "  was  published.  Short  as  that  period 
is,  it  has  been  marked  by  advances  of  importance  in  the  Pathology  as 
well  as  in  the  Practice  of  Surgery.  Under  the  able  editorship  of 
Professor  Beck,  due  prominence  has  been  given  in  this  Edition  to  that 
which  .was  both  new  and  important.  The  text  has  been  carefully 
revised,  and  those  matters  which  had  already  become  obsolete  have 
been  eliminated.  No  pains  have  been  spared  by  the  Editor  to  bring 
the  whole  work  up  to  the  standard  of  the  most  advanced  modern 
Surgery,  and  this  has  been  done  without  any  very  appreciable  increase 
m  its  bulk. 

Mr.  Meredith  has  again  kindly  undertaken  the  revision  of  the 
Chapter  on  Gynjecological  Surgery,  which  has  been  copiously  illus- 
trated under  his  directions ;  and  Mr.  C.  L.  Taylor  has  given  valuable 
assistance  in  carrying  the  work  through  the  Press. 

Many  of  the  old  woodcuts  have  been  cancelled  and  re-drawn,  and 
several  new  ones  have  been  added.  In  the  few  instances  in  which 
a  woodcut  has  been  copied  from  another  work,  the  name  of  the 
author  of  the  work  from  which  it  has  been  taken  has  been  appended 
to  it.  When  no  such  acknowledgment  is  made,  the  figure  is  original, 
belongs  exclusively  to  this  work,  and,  except  in  the  case  of  diagrams, 
has  been  drawn  from  nature.  The  Author  may  be  excused  for 
laying  stress  on  these  points,  as  many  of  his  illustrations  have  been 
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copied  into  other  works  on  Surgery  without  any  acknowledgment  of 
the  source  whence  they  have  been  taken. 

The  Author  feels  that  a  responsibility,  weighty  in  proportion  to  the 
very  extent  of  this  wide  diffusion  of  his  instruction,  is  incurred  by 
him  who  takes  upon  himself  the  task  of  teaching  others  that  Science 
which  underlies  the  Art,  and  that  Art,  the  exercise  of  which  con- 
stitutes the  application  to  Practice  of  a  great  branch  of  Medical 
Knowledge,  which  more  directly  than  any  other  Department  of 
Medicine  involves  the  physical  well-being,  and  more  immediately 
affects  the  life  of  those  on  whom  it  is  exercised. 

.It  is  not  sufficient  that  the  teaching  of  a  Scientific  Art,  such  as 
Surgery,  should  be  sound  in  those  General  Laws  that  constitute  its 
Principles.  It  must  also  be  accurate  in  those  minute  details  that  are 
necessary  to  its  successful  Practice,  and,  above  all,  just  in  its  estimate 
of  the  labom's  of  others. 

.  A  Teacher  of  Surgery,  who  seeks  to  give  a  true  and  impartial  view 
of  the  subject  of  his  tuition,  is  placed  in  much  the  same  position  as  a 
Judge  who  is  summing  up  a  great  cause. 

He  must  endeavour  to  divest  himself  of  the  trammels  of  the 
Schools— to  free  himself  alike  from  the  partisanship  of  individual  bias 
and  the  prejudice  of  professional  antagonism. 

He  must  lay  down  clearly  the  broad  General  Principles  on  which 
the  Case  rests;  detail  its  facts  in  an  orderly  and  succinct  manner, 
draw  those  deductions  which  legitimately  flow  therefrom,  and  guide 
his  Pupils  to  arrive  at  just  conclusions  by  the  light  of  his  own  more 
matured  and  extended  experience. 

Throughout  the  Work  it  has  l)ecn  the  object  of  the  Author  to  place 
before  the  Student  and  Practitioner  the  Science  and  Art  of  Surgery— 
not  as  consisting,  merely,  in  the  observation  of  such  Injuries,  Diseases, 
and  Malformations  as  are  met  with  in  Surgical  Practice,  or  in  the 
dexterous  application  of  manual  or  operative  means  for  their  relief; 
but  as  demanding  an  exercise  of  general  medical  knowledge,  and  a 
thorough  acquaintance  with  all  those  conditions,  whether  intrinsic  to 
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the  patient,  or  surrounding  him,  that  favour  or  prevent  his  restoration 
to  health.  The  remarks  in  the  earlier  part  of  the  First  Chapter  will, 
it  is  trusted,  sufficiently  indicate  to  the  Student  what  is  required  of 
him  in  order  that  he  may  become  a  successful  Practitioner  of 
Surgery. 

hi  every  instance  an  endeavour  has  been  made  to  give  as  full  and 
clear  a  description  of  Symptoms,  Pathology,  Diagnosis,  and  Treat- 
ment, as  the  importance  of  each  demands,  and  the  present  state  of 
Surgical  Knowledge  permits. 

The  various  new  Operations  practised  in  modern  Surgery  have  been 
carefully  described,  the  difficulties  and  dangers  attending  their 
performance  pointed  out,  and  the  cases  requiring  them  detailed. 

The  paramount  importance  of  Surgical  Hygiene,  both  general  and 
local,  has  led  to  special  attention  being  paid  to  it  in  the  Chapters  on 
Operations,  Wounds,  and  Septic  Diseases. 

With  respect  to  Diagnosis  it  may  be  remarked  that,  as  accuracy 
in  this  branch  is  an  all-important  requisite  for  success  in  Treatment, 
the  signs  and  symptoms  by  which  the  injury  or  disease  under  con- 
sideration may  be  recognized,  have  not  only  been  described  in  each 
case,  but  care  has  been  taken,  even  at  the  risk  of  occasional  repetition, 
to  point  out  the  several  conditions  with  which  it  may  be  confounded, 
and  the  means  of  distinguishing  it  from  each  of  them. 

Thirty-five  years  have  passed  since  the  First  Edition  of  this  Work 
appeared.  During  this  lengthened  period  it  has  met  with  no  in- 
considerable favour  in  this  and  in  other  countries.  Thirty-four 
thousand  copies  have  issued  from  the  press  here.  Successive  Editions 
have  been  reprinted  in  the  United  States  of  America,  and  it  has 
been  translated  into  several  of  the  European  Languages.  The 
Author  cannot  but  hope  that  the  present  Edition  in  its  amended 
form  will  be  found  deserving  of  the  continued  confidence  of  the 
Surgical  Profession  at  home  and  abroad. 

JOHN  ERIC  ERICHSEN. 

London,  1888. 
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CHAPTER  I. 


GENERAL  CONSIDERATIONS  ON  OPERATIONS. 

By  a  Sargical  Operation  is  meant  a  Mechanical  Procedure  undertaken  by 
the  Surgeon  for  the  remedy  of  Deformity,  congenital  or  acquired,  or  for  the 
relief  of  a  patient  sufiFeriug  from  those  effects  of  Injury  or  Disease  that  are 
incurable  by  constitutional  or  ordinary  local  treatment,  or  in  which  such 
treatment  would  be  too  slow  in  effecting  the  desired  result. 

A  Surgical  Operation  may  be  necessary  for  the  following  objects  : 

1.  Remedijing  or  Removing  Congenital  Defects  and  Malformations:  as  Have- 
hp,  Club-foot,  or  Supernumerary  Fingers  or  Toes. 

•1.  Remedying  Acquired  Defects  and  Deformities :  as  in  the  Closure  of  Fis- 
tult\3,  the  Restoration  of  Lost  Parts,  and  the  Correction  of  Distortions  of  the 
Limi)s. 

3.  The  Removal  of  Foreign  Salstances  from  the  Body  :  as  in  the  Extraction 
of  a  Bullet  or  a  Calculus. 

■i.  The  Reixtir  of  the  Effects  of  Injuries as  in  the  treatment  of  certain 
Fractures  and  Dislocations. 

.').  The  Removal  of  Farts  thB^t  have  been  so  disorganised  by  the  effects  of 
Dy'ury  that  their  vitality  is  lost,  br  that  their  continued  connection  with  the 
rest  of  the  body  would  be  a  source  of  danger  :  as  in  Amputation  for  Frost- 
bite or  Mangled  Limbs. 

f;.  The  Removed  of  Diseased  Structures  that  iuterfere  with  the  utility  of  au 
organ  or  part :  as  in  the  Extraction  of  a  Cataract. 

7.  Tlie  Removal  of  Diseased  Structures  that  seriously  inconvenience  the 
patient  or  that  remotely  threaten  life  :  as  in  the  Extirpation  of  Tumours, 
Simple  or  Malignant. 

».  Rescuing  a  Patient  from  Immediate  and  Inevitdbh  Death :  as  in  Tying 
a  Bleeding  Artery,  Opening  the  Wiiulpipe  in  Laryngeal  Obstructions,  Reliev- 
ing an  Over-distended  Bladder,  or  Dividing  the  Stricture  in  Strangulated 
Hernia, 

Operative  Surgery,  Hke  every  other  art,  can  be  carried  only  to  a  certaiir 
definite  point  of  excellence.    An  art  may  be  modified — it  may  be  improved — 
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but  it  cannot  be  perfected  beyond  certain  attainable  limits.  And  so  it  is,  and 
indeed  must  be,  with  that  of  Surgery,  There  cannot  always  be  fresh  fields  for 
conquest  by  the  knife.  There  must  be  portions  of  the  human  frame  that  will 
ever  remain  sacred  from  its  intrusion — at  least,  in  the  Surgeon's  hand. 

That  we  have  nearly  reached  these  final  limits  there  can  be  httle  question. 
When  we  reflect  that  every  large  artery  in  the  human  body  up  to  the  aorta 
itself  has  been  repeatedly  hgatured — that  each  of  the  six  large  articulations 
and  many  of  the  bones  have  been  resected — that  amputation  of  the  limbs 
up  to  the  shoulder  and  hip-joint  is  a  matter  of  ordinai7  surgical  occur- 
rence— that  large  tumours  having  the  most  intricate  anatomical  connections 
have  been  removed  from  every  surgical  region  in  the  body,  from  the  base 
of  the  brain  to  the  lowest  organ  in  the  pelvic  cavity— that  the  larynx,  the 
spleen,  the  kidney,  the  pregnant  uterus,  and  even  portions  of  the  stomach  and 
brain  have  been  successfully  removed — ^when  we  reflect  on  the  triumphs  of 
the  Surgeon's  art  that  are  expressed  by  operations  such  as  these,  we  can 
scarcely  believe  otherwise  than  that  little  remains  for  the  daring  of  the  boldest 
to  devise,  or  the  skill  of  the  most  dexterous  to  accomplish,  in  the  extension 
of  the  operative  department  of  the  art,  and  that  the  Surgeon  must  in  future 
be  content  to  repeat,  though  probably  in  a  modified  and  improved  manner, 
those  operations  that  have  been  devised  by  the  genius  and  the  skill  of  his 
predecessors. 

It  is  true  that  some  of  the  operations  recently  performed  for  the  removal  of 
important  organs  have  been  far  from  successful,  and  it  has  yet  to  be  de- 
termined whether  they  are  more  than  bold  experiments  on  the  power  and 
endurance  of  the  human  frame  ;  whether  they  are  surgical  triumphs  or 
operative  audacities. 

But  if  modern  operative  surgery  has  attained  to  so  high  a  degree  of  perfection 
in  all  that  relates  to  boldness  of  conception  and  to  precision  of  execution 
that  we  can  scarcely  hope  to  see  much  further  progi-ess  in  these  directions,  the 
case  is  widely  difeerent  with  the  other  great  branch  of  Surgery— the  scientific. 

For  here,  truly,  so  far  from  having  approached  the  final  limits  of  our  subject, 
we  are  but' as  yet  .on  the  threshold.  And  whether  we  regard  the  science  of 
Surgery  in  its  relation  to  the  essential  nature,  the  character,  the  recognition, 
and  the  pathology  of  surgical  diseases  and  injuries,  or  whether  we  consider  it 
in  reference  to  all  those  circumstances  which,  independently  of  the  mechanical 
skiU  of  the  operator,  infiuence  for  good  or  for  ill  the  results  of  his  procedures, 
we  have  a  field  before  us  the  extent  of  which  it  is  difficult  yet  to  estimate. 

Until  a  comparatively  recent  period,  although  the  results  of  minor  opera- 
tions were  generally  as  satisfactory  as  the  most  sanguine  could  hope  for  or 
the  most  critical  expect,  the  success  attending  those  graver  procedures  by 
which  the  life  of  the  patient  is  directly  imperilled,  lagged  far  behind,  and  bore 
no  relation  to  the  perfection  in  the  execution  of  the  operation.  At  this  time 
the  highly  polished  Art  of  Surgery  far  outshone  its  Science.  Ihe  rapid  advance 
of  scientific  knowledge,  however,  during  the  last  quarter  of  a  centiuy,  has  not 
been  without  its  influence  on  the  Art  of  Surgery.  The  history  of  Surgery  is 
characterised  by  great  discovenes,  forming  landmarks  which  stand  out  promi- 
nently as  starting-points  from  which  new  departures  have  been  taken  in  its  Art. 
Such  were  the  revival  of  the  use  of  the  ligature  in  the  sixteenth  century,  the 
invention  of  the  tourniquet  in  the  seventeenth,  and  the  introduction  of  the 
Hunterian  operation  for  Aneurism  in  the  eighteenth.  The  nineteenth  century 
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will  ever  be  conspicuous  in  the  annals  of  Surgery  as  that  in  which  the  ines- 
timable boon  of  AuEesthefcics  was  conferred  upon  mankind,  by  which  not  only 
has  pain  in  Surgery  been  abohshed,  but  the  extent  of  its  operative  department 
immensely  enlarged,  for  they  enable  the  Siu-geon  to  perform,  and  the  patient 
to  undergo  procedures,  the  agony  of  which  would  otherwise  have  been  beyond 
the  power  of  human  endurance.    Of  no  less  importance  has  been  the  discovery 
of  the  relation  of  micro-organisms  to  putrefaction  and  to  infective  diseases. 
The  so-called  "  germ-theory  of  putrefaction  "  was  first  established  as  a  scientific 
truth  by  the  researches  of  Pasteur,  but  it  is  undoubtedly  to  Lister  that  Surgery 
owes  the  apphcation  of  this  theory  to  practice.    The  scientific  employment  of 
antiseptics  as  introduced  by  him,  and  modified  subsequently  by  himself  and 
numerous  other  Surgeons,  has  probably  saved  more  lives  than  any  single  dis- 
covery since  vaccination.    However  the  details  of  the  Antiseplic  Method  may 
be  varied  in  the  course  of  time,  the  principle  which  underlies  it  and  on  which 
its  details  are  founded  cannot  change,  for  it  is  based  upon  facts  now  beyond 
dispute.   The  principle  may  be  briefly  described  as  follows.  The  vast  majority 
of  unhealthy  inflammations  in  wounds  and  the  constitutional  affections  which 
arise  from  them,  are  due  to  the  presence  of  microscopic  fungi  which  have 
gained  admission  directly  from  without.    The  effect  produced  varies  with  the 
natm-e  of  the  fungus.    The  simple  septic,  or  non-pathogenic  organisms,  cause 
putrefaction  of  the  fluids  in  the  wound,  thus  not  only  giving  rise  to  intense 
local  irritation,  but  developing  a  powerful  chemical  poison  which,  when 
absorbed,  causes  grave  constitutional  disturbance.    The  more  virulent  or 
pathogenic  organisms  invade  the  living  tissues,  or  even  the  blood,  giving  rise 
locally  to  spreading  inflammation,  often  ending  in  gangrene,  or  to  constitu- 
tional disturbance  incompatible  with  life.     The  organisms  may  enter  the 
wound  from  the  air,  but  are  more  commonly  carried  by  water,  or  by  the 
Surgeon's  hands  or  instruments.    Experimental  investigation  has  shown  that 
these  organisms  are  destroyed  by  numerous  chemical  substances  known  as  anti- 
septics. The  antiseptic  method  of  treatment  consists,  therefore,in  preventing  the 
entrance  of  these  organisms  by  the  use  of  antiseptic  solutions,  instead  of  plain 
water,  for  washing  the  wound,  or  sponges ;  in  disinfecting  all  instruments  and 
the  Surgeon's  hands  with  similar  solutions,  and  the  wound  itself,  if  it  have 
been  exposed  to  infection,  as  must  necessarily  be  the  case  in  all  accidental 
injuries.    The  wound  being  thus  freed  from  all  living  organisms,  is  protected 
from  subsequent  infection  by  the  application  of  a  dressing  impregnated  with 
some  antiseptic  substance.    It  is  an  important  feature  of  the  Antiseptic 
Method,  that  after  the  wound  has  been  once  disinfected,  the  antiseptic  shall 
not  be  allowed  to  come  in  contact  with  the  raw  surface,  as  all  chemical 
antiseptics  are  more  or  less  powerfully  irritating.    This  distinguishes  the  true 
Antiseptic  Method  from  the  old-fashioned  plan  of  using  disinfectants.  The 
object  of  the  Antiseptic  Method  is  absolutely  to  prevent  putrefaction  or  in- 
fection, and  at  the  same  time  to  u'ritate  the  raw  sm-faces  of  the  wound 
as  little  as  possible  by  the  antiseptic.    In  every  detail  of  practice  the 
Surgeon  must  be  guided  by  the  theory.    Antiseptics  have  been  used  in 
Sure  ,'ery  from  time  immemorial,  but  the  results  obtained  were  unsatisfactory 
till  their  employment  was  directed  by  more  accurate  knowledge  of  the  causes 
of  putrefaction  and  of  infection.    Their  scientific  use  has  revolutionised  the 
practice  of  modern  Surgery,  and  has  perhaps  even  done  as  much  to  extend  the 
field  of  operative  surgeiy  as  the  introduction  of  Ana3sthetics. 
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A  scarcely  less  noticeable  feature  in  the  Surgery  of  tliis  epocli  has  been  the 
application  of  the  rules  of  hygiene  to  the  construction  and  management  of 
hospitals,  by  which  the  general  health  of  the  patients  has  been  much  benefited 
and  the  mortality  reduced. 

Success  in  the  results  is,  after  all,  the  thing  to  aim  at,  and  no  amount  of 
manual  dexterity  can  compensate  for  its  want.    But  it  must  not  be  supposed 
that  manual  dexterity  is  to  be  undervalued — far  from  it.    Manual  dexterity 
is  necessarily  of  the  first  advantage  in  the  performance  of  any  operation, 
and  the  Surgeon  should  diligently  endeavom-  to  acquire  the  Art  of  using 
his  instruments  with  neatness  and  certainty.    In  many  cases  of  minor 
moment,  no  other  quahty  is  needed  by  the  Surgeon  than  this.    But  it  would, 
indeed,  be  a  fatal  error  to  suppose  that,  in  the  majority  of  cases  calling  for 
surgical  interference,  this  is  the  only  or  indeed  the  chief  requirement  on  the 
part  of  the  operator.    Manual  dexterity  must  not  be  mistaken  for  surgical 
skill ;  and,  desirable  as  it  doubtless  may  be  to  be  able  to  remove  a  limb,  or  to 
cut  out  a  stone,  Avith  rapidity, — important,  in  a  word,  as  it  is  to  become  a 
dexterous  operator — ^it  is  of  far  greater  importance  to  become  a  successful 
Surgeon.    The  object  of  every  operation  is  the  removal  of  some  condition 
that  either  threatens  life,  or  interferes  Avith  the  comfort  and  utility  of  existence ; 
and  the  more  safely  as  well  as  certainly  a  Surgeon  can  accomphsh  this  object, 
the  better  will  he  do  his  duty  to  his  patients,  and  the  more  successful  will  he 
be  in  his  practice.    Success  then,  in  the  result  of  an  operation,  whether  that 
result  be  the  preservation  of  life  or  the  removal  of  a  source  of  discomfort,  is 
the  thing  to  aim  at.    To  this,  dexterity  and  rapidity  in  operating  are  in  a 
liigh  degree  conducive  :  but  the  Surgeon  must  also  be  prepared  to  deal  -with 
complex  problems,  the  solution  of  which  can  only  be  afforded  by  an  intimate 
general  acquaintance  ^vith  the  Science  of  Surgery  and  of  Medicine.  The 
Diagnosis  of  the  nature  of  the  local  disease,  and  of  the  extent  of  its  connec- 
tions, has  to  be  made  ;  lurking  visceral  affections  must  be  detected  and,  if 
possible,  removed.    The  Constitution  of  the  patient  must  be  prepared  ;  he 
must,  as  far  as  possible,  be  placed  in  those  hygienic  conditions  which  are  most 
favourable  to  recovery  ;  the  best  time  for  the  performance  of  the  operation 
must  be  seized ;  whilst,  after  its  completion,  the  general  health  must  be  attended 
to  in  such  a  way  as  shall  best  carry  the  patient  through  the  difficulties  he  ha? 
to  encounter,  and  any  sequela?  or  complications  that  arise  must  be  subjected 
to  appropriate  treatment.    These,  as  well  as  the  simple  perfonuance  of  the 
operation,  are  the  duties  of  the  Surgeon  ;  and  on  the  manner  in  which  they 
are  perfomed,  as  much  as,  or  perhaiis  e\-en  more  than,  on  the  mere  manual 
dexterity  displayed  in  the  operation  itself,  will  the  fate  of  the  patient  depend. 
It  is  well  known  that  the  results  of  operations  differ  much  in  the  pi-actice  of 
different  Surgeons  of  acknowledged  dexterity  ;  and  this  variation  in  the 
proportionate  number  of  recoveries  cannot  be  accounted  for  by  any  diiierence 
in  the  degree  of  manual  skill  displayed  in  the  operation  itself,  but  must 
rather  be  sought  in  the  greater  attention  that  is  paid  by  some  Surgeons  to 
the  constitutional  treatment  of  their  patients  before  and  after  operation,  and 
in  their  more  perfect  acquaintance  with  those  general  laws  that  influence  the 
success  of  all  the  operations  of  Surgeiy.    Indeed,  success  in  Operative  Surgeiy 
mainly  depends  on  two  conditions  :  1.  The  selection  of  proper  cases  ;  that  is 
to  say  of  cases  in  which  alone  an  operation  will  probably  be  followed  by  a 
successful  result  ;  and  2.  the  avoidance  or  the  combating  of  those  deleterious 
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iuflueuces,  liygienic  and  others,  to  which  a  patient  may  be  exposed  after  an 
operation,  and  which  may  directly  mar  its  success. 

Two  requisites  are  thus  essentially  needed  to  constitute  a  successful  operator. 
The  first  is,  the  possession  of  that  mechanical  skill  which  is  required  for  the  safe, 
■efficient,  and  speedy  performance  of  an  operation ;  the  second,  of  at  least  equal 
importance,  is  the  scientific  knowledge  requisite  to  determine  the  cases  in 
which  operation  has  become  necessary,  in  which  it  may  be  practised  with  a 
reasonable  prospect  of  benefit  and  success,  and  to  decide  on  the  means  to  be 
adopted  to  place  the  patient  in  the  most  favourable  circumstances  for  recovery. 

The  practice  of  operating  in  notoriously  hopeless  cases,  with  the  view  of 
giving  the  patient  what  is  called  a  "  last  chance,"  is  much  to  be  deprecated, 
and  should  never  be  followed.  It  is  by  operating  in  such  circumstances, 
especially  in  cancerous  diseases,  that  much  discredit  has  resulted  to  Surgery  ; 
for  in  a  great  number  of  instances  the  patient's  death  is  hastened  by  the  pro- 
cedure, which,  instead  of  giving  him  a  last  chance,  causes  him  only  to  be 
despatched  sooner  than  he  would  otherwise  have  been.  It  may  truly  be  said 
that  a  great  surgical  operation,  in  its  conception,  its  performance,  and  its 
<-ompletioTi,  tests  the  Surgeon's  medical  knowledge  as  much  and  in  as  varied  a 
manner  as  it  taxes  his  manual  skill  ;  and  that,  taken  as  a  whole,  it  is  the 
highest  development  of  the  medical  art. 

CONDia?IONS   INFLUENCINa    THE    SUCCESS    OP  OPERATIONS. 

The  circumstances  that  mainly  influence  the  result  of  an  operation,  so  far  as 
the  recovery  of  the  patient  is  concerned,  maybe  arranged  under  three  heads : — 
1.  Those  tlaat  are  connected  with  the  State  of  the  Patient's  General  Health 
before  and  at  the  time  of  its  performance  ;  2.  The  Hygienic  Conditions  by 
which  he  is  suiTOunded  after  it  is  done  ;  and  3.  The  Special  Bangers  Gonnected 
with  the  operation  itself. 

1.  All  other  circumstances  being  alike,  the  condition  of  a  patient  that 
principally  determines  the  result  of  an  operation  is  the  State  of  the  General 
Health.  Indeed,  success  is  influenced  far  more  by  the  state  of  the  patient's 
constitution  than  by  the  severity  of  an  operation  itself,  or  even  by  the 
mechanical  dexterity  with  which  the  Surgeon  performs  it.  Sometimes  we 
see  a  patient  carried  off  by  fatal  disease  supervening  on  some  extremely 
trifling  operation,  (such  as  the  removal  of  a  small  tumour,)  which  in  itself 
ought  in  no  way  to  endanger  life,  were  it  not  that  the  patient's  constitu- 
tion was  at  the  time  of  its  performance  in  so  unhealthy  a  state  that  the 
slightest  exciting  cause  has  been  sufficient  to  call  the  fatal  disease  into  activity. 
So,  also,  it  is  no  uncommon  experience  to  see  one  patient  sink  after  the 
most  dexterously  performed  operation  for  hernia,  or  stone,  the  ligature  of  an 
artery,  &c.,  owing  to  some  constitutional  condition  that  predisposes  to  diflfuse 
inflammations  ;  whilst  another  may  possibly  make  the  most  remarkable  and 
rapid  recovery  after  he  has  been  mutilated  with  but  little  skill.  Indejicndently 
of  actual  organic  disease  of  the  viscera,  of  which  I  shall  hereafter  speak, 
there  are  certain  conditions  of  the  body  with  respect  to  the  condition  of  the 
nervous  system,  the  circulation,  and  the  general  physical  state  that  exercise  an 
injurious  influence.  Thus,  persons  of  an  irritable  and  anxious  mind  do  not 
bear  operations  so  well  as  those  of  a  more  tranquil  mental  constitution. 
Those  also  of  a  feeble  and  irritable  habit  of  body,  especially  nervous  and 


6 


GENERAL   REMARKS  ON  OPERATIONS. 


hysterical  women,  with  bnfc  little  strength  of  circulation,  cannot  bear  up 
against  severe  surgical  proceduros,  and  often  sink  after  comparatively  slight 
ones  ;  being  apt  to  become  depressed  and  to  sink  without  rallying.  Persons 
who  are  overloaded  with  fat  are  not  good  subjects  for  surgical  operations.  In 
them  the  circulation  is  usually  feeble  ;  the  wound  heals  slowly,  and  is  apt  to 
become  sloughy ;  and  general  or  local  infective  processes  readily  occui-.  Short 
of  actual  structural  disease  of  important  organs,  as  the  lungs,  heart,  or 
kidneys,  I  know  no  condition  more  unfavourable  to  success  after  operations 
than  premature  or  excessive  obesity. 

Patients  with  a  high  temperature  should  never  be  operated  on  except  for  the 
relief  of  that  very  condition  which  occasions  the  elevation  of  temperature,  such 
as  the  accumulation  of  pus,  or  rapidly  spreading  gangrenous  inflammation,  or 
in  one  of  those  four  great  surgical  emergencies  that  always  and  imder  all  cir- 
cumstances demand  immediate  operation  ;  viz.:  1,  dangerous  h^moiThage  ;  2, 
impending  asphyxia  ;  3,  strangulated  hernia  and  intestinal  obstruction  ;  and 
4,  over-distended  bladder.  The  urgency  of  these  conditions,  which  may  be 
termed  the  four  classes  of  primary  surgical  urgency,  ovei-rides  all  other 
considerations. 

An  individual  of  a  sound  constitution,  that  has  never  been  impaired  by 
excesses  of  any  kind,  whose  habits  have  been  temperate  and  sober,  whose  diet 
has  been  sufficient  and  of  good  quahty,  whose  mind  has  never  been  over- 
strained by  the  anxieties  of  business  or  the  labours  of  a  professional  life,  and 
whose  existence  has  been  spent  in  rural  occupations  and  in  the  pure  air  of  the 
country,  is  necessarily  placed  in  a  far  more  favourable  position  to  bear  the 
effects  of  any  mutilation,  whether  it  be  the  result  of  injury,  or  be  inflicted  by 
the  Surgeon's  knife,  than  the  man  whose  physical  powers  are  worn  out  by 
active  and  unceasing  business  avocations  or  professional  work,  whose  nervous 
system  is  exhausted  by  his  anxious  labours  ;  and  infinitely  more  so  than  the 
poor  inhabitant  of  a  large  and  densely  peopled  town,  who  has  from  earliest 
childhood  inhaled  an  impure  and  foetid  atmosphere,  whose  scanty  diet  has 
consisted  of  the  refuse  of  the  shops,  or  the  semi-decomposed  offal  of  the  stalls, 
and  whose  nervous  system  has  been  iiTitated  and  at  the  same  time  exhausted 
in  the  daily  struggle  for  a  precarious  livelihood,  or  over-stimulated  by  habitual 
excesses  in  strong  drinks,  by  which  he  has  hoped  to  purchase  temporary  for- 
getfulnesB  of  the  cares  of  a  sordid  life.  Though  individuals  with  such  different 
antecedents  be  placed  under  exactly  the  same  hygienic  circumstances  the 
performance  of  an  operation,  yet  the  results  will  probably  be  very  dissimilar, 
influenced  as  they  must  l)e  by  their  past  rather  than  liy  their  present  condition. 
In  the  one  case,  the  inflammation  ]-esulting  from  the  incision,  and  requisite 
for  the  cure  of  the  wound,  will  not  overstep  the  normal  degree  necessary  for 
the  healing  process.  In  the  other,  it  may  assume  a  spreading  form  and  ter- 
minate in  some  of  those  secondary  affections  which  will  ]iresently  l)e  adverted 
to  as  occasioning  death  under  unfavourable  hygienic  conditions. 

Besides  the  general  state  of  the  patient's  health,  the  CondUion  of  Important 
Organs  must  be  taken  into  consideration  before  an  operation  is  decided  on. 
The  state  of  the  patient's  Heart  should  be  carefully  looked  to.  Valvular 
disease  of  this  organ,  if  earlv  or  slight,  need  not  be  an  obstacle  to  most 
operations,  even  to  those  of  expediency  ;  but  fatty  degeneration  of  the  heart, 
as  indicated  by  its  feeble  action,  by  irregularity  and  want  of  power  in  the 
circulation,  bv  breathlessness,  and  by  a  distinctly  marked  arcus  senilis,  should 
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make  the  Surgeon  cautions  about  undertaking  any  operation  attended;  witli 
much  loss  of  blood  or  shock  to  the  nervous  system.  Such  a  condition  of  heart 
is  liable  to  occasion  great  depression  of  strength,  syncope,  and  death — often 
sudden — some  days  after  the  operation.  In  cases  of  chronic  disease  that  it 
would  otherwise  be  j)roper  to  submit  to  operation,  this  condition  of  the  heart 
becomes  a  serious  obstacle,  but  it  need  not  be  a  bar  to  operation  in  acute 
cases  that  would  be  speedily  fatal  if  left  to  themselves,  and  certainly  not  in 
one  of  the  four  conditions  of  primary  surgical  urgency. 

Disease  of  the  Lungs,  of  a  tuberculous  character,  when  active  or  advanced, 
is  incompatible  with  the  success  of  an  operation  ;  but  under  certain  circum- 
stances, as  will  be  explained  when  spealdng  of  diseases  of  the  joints  and 
fistula  in  ano,  an  operation  is  justifiable  and  proper,  even  though  the  patient 
be  consumptive. 

If  the  Liv&r  be  affected  by  cirrhosis,  and  more  especially  if  any  symptoms 
of  ascites  have  supervened,  no  operation  but  for  the  relief  of  disease  that 
instantly  threatens  life  should  be  undertaken.  Amyloid  degeneration  does 
not  coimter-indicate  an  operation  if,  by  that  operation,  the  cause  of  the 
condition  can  be  removed,  as  in  some  cases  of  chronic  joint  disease. 

Perhaps  the  most  serious  constitutional  affection,  and  that  which  more 
than  any  other  militates  against  the  success  of  an  operation,  is  disease 
of  the  Kidneys,  with  albuminuria  ;  in  this  condition  the  local  inflamma- 
tion that  is  set  up  is  apt  to  assume  a  diffuse  and  sloughing  form,  and  this 
is  especially  the  case  in  all  operations  about  the  pelvic  and  genito-urinary 
organs. 

Baccharine  diabetes  is  another  constitutional  condition  which  absolutely 
forbids  all  operations  except  those  required  for  the  immediate  preservation  of 
life.  The  tendency  to  the  occurrence  of  carbuncle  and  spontaneous  gangrene 
in  diabetes  is  a  well-known  feature  of  the  disease,  and  this  tendency  shows 
itself  after  an  operation  in  sloughing  of  the  surfaces  of  the  wound,  with 
widely-spreading  dilfuse  inflammation  followed  by  septicsemia  and  death. 
Albuminuria  and  diabetes  form,  in  fact,  such  serious  complications,  that  no 
operation,  even  the  most  trivial,  should  be  undertaken,  except  in  cases  of 
emergency,  without  previously  examining  the  mine  both  for  albumen  and 
sugar. 

The  contamination  of  the  patient's  system  by  Malignant  Disease  must 
always  prevent  om'  operating  ;  as,  if  this  has  taken  place,  the  disease  cannot  be 
completely  removed.  And,  lastly,  no  operation,  save  of  the  most  urgent 
necessity  in  cases  that  fall  within  the  category  of  one  of  the  four  classes  of 
primary  sui-gical  urgency,  and  thus  intended  to  rescue  the  patient  from 
impending  death,  should  ever  be  performed  whilst  he  is  labouring  under 
Pyaemia,  Septicsemia,  Erysipelas,  Phlebitis,  or  any  Diffuse  Inflammation  ;  and 
even  during  the  epidemic  prevalence  of  these  affections,  operations  that  are 
not  of  immediate  necessity  should  be  postponed  until  a  more  favourable 
season.  Operations  in  very  old  people,  if  severe  and  attended  by  much  shock 
to  the  system,  are  commonly  fatal  ;  amputations  in  individuals  above  the  age 
of  seventy,  are  rarely  successful. 

2.  The  Hygienic  Conditions  to  which  a  patient  is  exposed  both  before  and 
after  an  operation,  will  most  materially  influence  its  results.  These  conditions 
are  of  two  kinds  : — 1.  As  regards  the  diet  of  the  patient,  and  2.  As  concerns 
his  exposure  to  a  vitiated  atmosphere  contaminated  by  the  emanations  from 
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the  sick  and  wounded,  such  as  is  commonly  met  Avitli  in  the  wards  of  an  over- 
crowded or  ill-constructed  hospital* 

The  proper  regulation  of  the  patient's  Diet  before  and  after  an  operation  is 
of  great  consequence.  On  this  ]3oint  it  is  impossible  to  lay  down  any  very 
definite  rule,  as  much  depends  not  only  on  the  patient's  previous  habits  of  life, 
but  on  the  nature  of  the  operation  itself ;  and,  as  this  subject  will  be  discussed 
at  the  end  of  the  Chapter,  it  need  not  detain  us  here.  It  is  not  often,  however, 
that  in  civil  practice  the  insufficient  quantity  or  the  bad  quality  of  the  patient's 
food,  with  which  he  is  supplied  after  the  performance,  influences  materially  the 
result  of  an  operation.  But  in  military  and  naval  practice  in  time  of  war  the 
case  is  far  diiferent.  The  soldier  or  the  sailor  on  active  service  is  often  exposed 
to  serious  injuries  that  necessitate  the  more  important  operations  at  a  time 
when  his  constitutional  poAvers  have  already  been  broken  down  by  scurvy, 
dysentery,  or  some  similar  affection,  resulting  as  much  from  the  deficient 
quantity  as  fi'om  the  uuAvholesome  character  of  the  food  with  which  alone  he 
■can  be  suj)plied.  After  the  operation  his  only  available  nutriment  may  be 
-of  the  coarsest  character,  possibly  salted,  and  imperfectly  cooked.  In  such 
circumstances,  and  in  the  absence  of  efficient  antiseptic  treatment  which  is 
almost  unavoidable  in  war,  operation-wounds  do  not  heal,  or  they  assume  a 
peculiar  gangrenous  character  ;  and  the  patient  dies  from  septicsemia  or 
pyemia,  or  from  profuse  diarrhoea  with  ulceration  of  the  intestines.  The 
mortality  of  operations  becomes  enormously  increased  ;  and  thousands  of 
deaths  Avhich  have  occurred  in  wars  between  the  most  civilised  nations  and 
the  best  appointed  armies  have  been  due  to  these  causes. 

The  Hygienic  Conditions  to  which  the  patient  is  subjected  after  an  operation 
will  necessarily  vary  greatly  according  to  the  locality  in  and  the  circumstances 
under  which  it  is  performed — whether  it  is  done  in  a  private  house,  where  the 
patient  may  be  isolated,  freed  from  the  chance  of  all  contamination,  and 
surrounded  by  every  sanitary  precaution  ;  or  in  a  hospital,  where  he  may  be 
exposed  to  emanations,  possibly  of  a  septic  and  infectious  character,  from 
other  patients,  Avhere  the  building  may  be  impregnated  by  the  exhalations  from 
generations  of  sick  and  injured,  and  where  sanitary  measures  may  be 
)  neutralised  by  the  conditions  generated  by  a  vast  assemblage  of  sick  under  one 

roof.  Then,  again,  the  circumstances  in  which  a  patient  is  placed  after  an 
operation  for  an  accident  of  civil  life  are  necessarily  very  different  from  those 
that  surround  one  who  is  exposed  to  the  peculiar  perils  that  are  necessarily 
connected  with  military  hospitals  and  ambulances  in  time  of  active  war,  and 
which  will  be  more  fully  described  in  the  chapter  on  Gunshot  Avounds. 

In  private  practice,  ill  results  may  foUoAV  operations  from  three  different 
causes,  viz.  :  self-infection  of  the  patient,  in  consequence  of  the  retention  of 
decomposing  and  putrescent  secretions  in  the  wound  ;  conveyance  of  infection 
by  the  .Surgeon  ;  and  general  faulty  sanitary  arrangements  of  the  house.  In 
hospital  practice  these  different  sources  of  danger  must  necessarily  exist  to  the 
same  if  not  to  a  greater  extent  than  in  jnivate.  In  hospital,  howeA'er,  just  as 
in  private  practice,  these  particular  dangers  are  all  preventable,  and  disease  of  a 
aeptic  character  ought  not  to  be  alloAved  to  generate  itself  through  their  medium. 
The  frequency  of  such  an  occurrence  is  in  the  direct  ratio  of  the  want  of 


;  »  I  would  refer  the  reader  wlio  wishes  to  study  this  very  inipoi-tant  subject  more  deeply  to  my  "  Lccliireg 
on  Bospilalism  and  the  Ctinses  of  Death  after  Operations."   Longmans,  1874. 
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hygienic  attention  bestowed  upon  the  patient.  But  in  addition  to  these  causes 
of  disease,  there  exists  in  hospitals  one  special  source  of  danger  which  leads  to 
the  excessive  mortality  that  up  to  a  recent  period  has  prevailed  in  most  of 
these  institutions,  and  which  unfortunately  is  still  allowed  to  be  prevalent  in 
some.  This  danger  results  from  tlie  accumulation  of  too  large  a  number  of 
sick  and  injured  people  in  one  building. 

The  air  of  large  towns  or  cities  in  which  the  great  majority  of  hospitals 
nmst  necessarily  be  situated  is,  to  begin  with,  more  or  less  loaded  with  im- 
purities. The  normal  -4  parts  per  1,000  of  carbonic  acid  gas  is  always  ex- 
ceeded, the  amount  sometimes  reaching  as  high  as  "5  or  "55.  The  amount  of 
sohd  impurity  is  also  very  considerable.  It  has  long  been  known  that  the 
atmosphere  of  inhabited  houses  and  cities  is  loaded  with  minute  particles  of 
organic  matter  in  suspension.  More  than  thirty  years  ago  Pouchet  demonstrated 
the  presence  of  starch  granules  in  the  dust  deposited  in  a  room.  In  18G1 
Pasteur  proved  that  the  spores  of  some  of  the  higher  fungi  are  always  to  be 
found  in  the  air  of  Paris.  Tyndall  also  demonstrated  by  numerous  experi- 
ments that  a  large  j)roportion  of  the  dust  of  the  air  is  composed  of  organic 
matter.  Fm-ther,  microscopic  observations  by  Pouchet  and  others  showed 
that  the  air  of  inhabited  rooms  contains  in  suspension  scaly  epithelium,  frag- 
ments of  human  hair  and  of  cotton,  linen  and  wool  from  the  clothing.  In 
hospital  wards  dried  pus  cells  have  also  been  found.  All  these  impurities 
may  be  recognised  without  difficulty  by  microscopic  examination  of  dust 
collected  fi-om  the  air.  The  experiments  of  Pasteur,  Tyndall,  Lister,  and 
many  others,  further  conclusively  proved  that  the  air  contains  minute  solid 
particles,  which  act  as  ferments  on  dead  organic  matter,  giving  rise  to  such 
processes  as  the  ordinary  putrefaction  of  albuminoid  substances,  the  lactic  acid 
fermentation  of  milk,  &c.  That  these  particles  are  organised  bodies,  minute 
fangi,  or  their  spores,  is  now  universally  acknowledged.  The  number  and 
nature  of  these  organisms  has  been  made  the  subject  of  daily  observation  by 
Miquel  in  the  Observatory  of  Montsouris  in  Paris  for  many  years  past,  and 
many  interesting  facts  have  been  ascertained.  His  method  of  observation 
consists  in  drawing  a  measured  quantity  of  air  through  a  glass  bulb  filled  with  a 
solution  of  Liebig's  extract  of  beef,  which  forms  a  suitable  cultivating  medium 
for  microscopic  fungi  of  almost  all  kinds.  The  fluid  is,  of  course,  freed  from 
all  living  organisms  before  the  experiment  by  prolonged  boiling.  If,  after  the 
admission  of  air,  microscopic  organisms  appear  in  the  fluid,  he  assumes  that 
the  quantity  drawn  through  contained  at  least  one  microscopic  fungus  or  its 
spore.  Another  mode  of  investigation  which,  in  the  hands  of  Koch  and 
others,  has  given  results  confirmatory  of  those  obtained  by  Miquel,  is  to 
expose  to  the  air  for  a  fixed  time  a  measured  surface  of  properly  prepared 
nutrient  gelatine  freed  from  organisms  by  heat.  The  single  organisms  or 
spores  which  fall  on  the  gelatine  soon  develop  into  colonies  visible  to  the 
naked  eye,  and  by  counting  these  the  number  of  organisms  that  have  been 
deposited  can  be  ascertained,  and  their  nature  may  be  determined  by  sub- 
sequent microscopic  examination.  .  The  general  results  of  these  observations 
have  been  to  show  that  the  number  of  micro-organisms  in  the  pure  air  of  a 
mountain  top  is  very  small,  in  fact  they  may  be  absent.  In  the  air  of  an 
-ordinary  country  place  they  are  scarce,  but  always  present ;  in  the  air  of  a  city 
they  become  numerous,  and  the  atmosphere  of  a  surgical  ward  is  often  loaded 
with  them.    Thus,  in  the  Observatory  of  Montsouris,  which  is  situated  in  a 
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park  on  the  outskirts  of  Paris,  the  daily  average  was  75'Orgauisins  per  cubic- 
metre  ;  in  the  Hue  de  Kivoli  it  was  750  ;  in  the  low  parts  of  Paris  850,  and 
i  in  a  ward  in  the  hospital  of  La  Pitie  it  amounted  to  11,100.    In  the  wards 

!  of  the  hospital  the  number  rapidly  increased,  when,  owing  to  cold  weather, 

I  the  windows  were  closed.    It  may  therefore  be  taken  as  proved  that  the  air 

i  I  of  hospitals,  and  inhabited  houses  generally,  contains  floating  in  it  nmnerous 

•  organisms  which  are  capable  of  growing  in  the  discharges  of  wounds,  and  of 
establishing  in  them  various  fermentative  changes,  the  products  of  which  arc 
more  or  less  detrimental  to  the  patient  both  locally  and  constitutionally.  It  is 
by  no  means  necessary  that  the  fermentative  process  thus  induced  should  be  the 
ordinary  foetid  putrefaction  ;  in  fact  the  organisms  which  cause  this  are  scarce 

I  in  the  air,  being  much  more  abundant  in  water  ;  still,  although  there  may  be 

no  smell,  the  fermentation  set  up  in  the  discharges  is  not  always  innocuous. 
The  air  of  a  surgical  ward  or  sick  room  is  vitiated  by  the  patient,  first,  by 

•  the  normal  products  of  respiration  and  excretion  from  the  lungs  and  skin ; 
!  and  secondly,  in  many  cases  by  the  emanations  from  wounds  or  sores.  The 

first  is  unavoidable,  the  second  is  to  a  great  extent  under  the  control  of  the 
Surgeon. 

An  average  adult  man  gives  off  per  hour  about  -6  cubic  feet  of  carlDonic 
acid  gas,  from  1  to  1\  ounces  of  water,  and  an  undetermined  quantity  of 
organic  matter.    This  organic  matter  is  partly  solid,  consistmg  of  epithelium 
and  fatty  matter  from  the  skin  and  mouth,  and  partly  a  vapour  given  off  from 
'ji: :  the  lungs,  the  nature  of  which  is  somewhat  uncertain.     It  is  extremely 

if  I  offensive,  and  is  so  imperfectly  diffusible  that  it  is  probably  in  great  part 

'  molecular  ;  it  is  nitrogenous  and  oxidisable,  although  but  slowly.    It  is  readily 

absorbed  by  damp  walls  or  bedding,  the  most  hygroscopic  substances  taking 
it  up  most  readily.  It  is  this  substance  that  gives  the  fusty  smell  to  an  iU- 
ventilated  room.  Experiments  have  shown  that  it  is  highly  poisonous,  and 
this  explains  the  fact  that  air  fouled  by  respiration  is  much  more  deleterious 
'  than  that  vitiated  by  combustion  or  by  the  addition  of  pure  carbonic  acid 

gas.  Parkes  states  that  "  allowing  the  fullest  effect  to  all  other  agencies, 
there  is  no  doubt  that  the  breathing  the  vitiated  atmosphere  of  respiration 
has  a  most  injurious  effect  on  the  health.  Persons  soon  become  pale,  and 
partially  lose  their  appetite,  and  after  a  tune  decline  in  muscular  strength  and 
spirits.  The  aeration  and  nutrition  of  the  blood  seem  to  be  interfered  with, 
and  the  general  tone  of  the  system  falls  below  par."  Under  such  circum- 
stances convalescence  is  prolonged  ;  the  reparative  power  is  less,  wounds 
tend  to  slough,  and  the  patient  is  more  readily  affected  by  any  local  or  general 
;  I  infective  process  to  the  poison  of  which  he  may  be  exposed. 

The  special  contamination  of  a  surgical  ward  may  arise,  first,  from  the 
presence  in  the  atmosphere  of  the  gaseous  products  of  decomposition:, 
secondly,  from  a  great  abundance  of  the  organic  particles  which  act  as  the 
b  ferments  in  decomposition  ;  tliirdly,  from  the  presence  of  dried  particles  of 

'  the  discharges  from  wounds  or  sores  ;  and,  lastly,  by  the  contagia  of  specific 

infective  processes,  whether  general  or  local. 

The  gaseous  products  of  decomposition,  consisting  of  sulphuretted  hydrogen, 
sulphide  of  ammonium,  free  ammonia,  carburctted  hydrogen,  carbonic  acid, 
und  many  others  undoubtedly  tend  to  aggravate  the  symptoms  produced  by  the 
accumulation  of  the  products  of  respiration  ;  but  it  is  impossible  to  separate 
the  effects  produced  by  the  former  from  those  of  the  latter,  with  which  they 
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must  almost  necessarily  be  complicated  in  a  hospital  ward.  Parkes  states  that 
the  putrefying  animal  matter  which  fretpently  accumulates  about  camps 
during  war  forms  one  of  the  principal  causes  of  diarrhoea  and  dysentery  ;  but 
it  is  only  in  military  practice  in  which  large  numbers  of  wounded  must 
occasionally  be  packed  closely  together  and  their  wounds  neglected  for  want 
of  sufficient  surgical  assistance,  that  putrid  discharges  could  accumulate  to 
such  an  extent  as  to  develop  these  diseases. 

Secondly,  the  air  of  a  ward  containing  many  foul  wounds  has  been  shown 
to  contain  a  great  excess  of  organic  matter,  but  it  is  impossible  to  separate 
the  effects  produced  by  it  fi-om  those  of  foul  air  generally. 

Thirdly,  microscopic  examination  has  demonstrated  the  presence  of  dried 
pus  cells  in  the  air  of  surgical  wards  in  addition  to  the  epithelium  always  met 
with  in  inhabited  rooms.  It  has  been  supposed  by  some  that  these  might 
possibly  act  as  the  material  of  contagion  ;  that  they  may  be  the  bearers  of 
contagion  cannot  reasonably  be  doubted. 

Lastly,  the  air  of  surgical  wards  is  apt  to  be  contaminated  by  the  contagia 
of  specific  infective  processes,  such  as  hospital  gangrene,  erysipelas,  pyemia, 
&c.  The  exact  nature  of  the  contagium  in  all  these  diseases  is  not  yet 
definitely  ascertained.  This  much  is  certain,  that  the  poison  in  all'is  par- 
ticulate ;  it  is  never  gaseous.  Its  activity  can  be  destroyed  by  those  chemical 
substances  that  we  class  as  antiseptics.  In  the  majority  of  cases  the  specific 
infective  process  commences  in  a  wound,  the  discharges  of  which  are  in  a 
putrid  state  ;  and  those  methods  of  treatment  which  are  best  calculated  to 
prevent  putrefaction  also  serve  best  to  prevent  the  occurrence  of  infective 
processes,  either  local  or  general.  It  may  now  be  said  to  be  practically 
proved  that  all  these  unliealthy  spreading  inflammations  are  accompanied  by 
the  presence  of  microscopic  organisms  in  the  discharges,  and  often  in  the 
lymph  spaces  near  the  wound ;  and  the  view  is  now  almost  universally  accepted 
that  these  micro-orgauisms  are  directly  or  indirectly  the  cause  of  the  unhealthy 
processes,  and  that  infection  is  brought  about  by  the  actual  transference  of 
some  of  these  living  particles  from  one  patient  to  another.  In  the  human 
subject  erysipelas  has  been  definitively  proved  to  be  caused  by  the  invasion 
of  the  lymph-spaces  of  the  skin  by  a  specific  fungus.  Koch  has  shown 
that  diseases  closely  resembling  gangrenous  erysipelas,  septic  infection,  and 
pyaemia,  as  they  occur  in  the  human  subject,  can  be  artificially  produced  in 
animals  ;  that  each  disease  is  accompanied  by  the  presence  of  a  distinct  form 
of  microscopic  fungus,  and  that  it  can  be  transmitted  from  one  animal  to 
another  by  means  of  infinitesimal  quantities  of  the  blood  or  exudation  fluids- 
containing  the  characteristic  organism.  That  the  organisms  or  their  germs 
retain  their  vitality  after  being  dried  has  been  clearly  proved  with  regard  to 
the  somewhat  analogous  disease  of  anthrax  in  cattle.  This  disease  is  due 
to  a  rod-shaped  organism,  the  bacillus  anthracis,  of  such  size  that  its  life- 
history  can  be  accurately  studied.  It  has  been  found  that  under  certain  con- 
ditions minute  spores  arc  developed  in  the  bacillus,  and  that  when  this  has 
taken  place  blood  containing  the  virus  may  be  dried  and  kept  in  that  state  for 
years  without  losing  its  virulence.  In  this  state  it  is  easily  conceivable  that 
it  could  be  disseminated  by  the  air.  It  is  well  known  that  the  virus  of 
vaccinia,  small-pox,  and  scarlet  fever  e(|ually  resist  the  effects  of  drying. 

Another  fact  of  equal  importance,  wliich  was  first  discovered  by  Pasteur  and 
Toussaint,  is  that  the  virus  of  splenio  fever  and  that  of  a  peculiar  form  ot 
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septicfemia,  common  iu  fowls,  knowa  as  chicken  cholera,  lose  considerably  in 
virnlence  if  the  organisms  which  form  their  essential  part  are  cultivated  under 
■conditions  which  are  not  suited  to  their  growth.  The  converse,  although  not 
proved,  is  possibly  true  also, — that  the  virus  increases  in  intensity  if  cultivated 
in  a  medium  suited  to  its  growth  and  development.  Such  a  medium  for  the 
growth  of  pathogenic  organisms  is  found  in  the  feeble  tissues  and  unhealthy 
sores  of  patients  weakened  by  breathing  the  impure  atmosphere  of  an  over- 
crowded ward,  and  it  is  thus  that  infective  processes  of  intense  virulence  may 
be  developed.  Our  knowledge  of  the  conditions  under  which  the  virus  is 
developed  in  hospital  gangrene  and  pyjemia  is  still  very  far  from  perfect :  but 
this  much  is  certain,  that  they  are  essentially  filth-diseases,  and  may,  if  the 
term  be  allowable,  be  manufactured  in  any  hospital  or  house,  however  clean  or 
well  situated,  by  the  accumulation  within  it  of  too  large  a  number  of  patients 
suffering  from  wounds  the  discharges  of  which  are  in  a  state  of  decomposi- 
tion. It  is  probable  that  the  contagia  of  some  of  these  diseases  are  destroyed 
by  oxidation  ;  but,  be  this  as  it  may,  it  is  evident  that  a  want  of  free  ventila- 
tion must  lead  to  a  concentration  of  such  poisons  as  are  disseminated  by  the 
air,  and  at  the  same  time  the  patient's  body  will  be  rendered  more  susceptiljle 
to  their  influence  as  its  vitality  becomes  lowered. 

In  the  prevention  of  the  elfects  of  over-crowding  we  have  to  consider  first 
the  vitiation  of  the  air  by  the  patient  by  the  natural  processes  of  respiration 
.and  excretion  ;  and,  secondly,  fouling  of  the  atmosphere  by  the  emanations 
from  wounds  and  sores.    The  first  of  these  causes  of  impurity  is  unavoidable, 
and  it  is  only  by  providing  sufiicient  air  for  each  patient  and  changing  it 
with  sufiicient  frequency  that  its  evil  effects  can  be  prevented.  In  determining 
the  condition  of  the  air  of  a  room  or  ward  the  carbonic  acid  present  is  taken 
as  the  index  of  the  degree  of  impmity,  as  it  is  easily  estimated,  while  the 
determination  of  the  organic  matter  is  almost  impossible.    Parkes  and  De 
Chaumont  give  -6  per  1000  volumes  of  total  carbonic  acid  in  the  air  as  the 
limit  of  impurity  allowable.    Of  this  about  -2  is  derived  fi-om  respiration  and 
the  remainder  is  the  normal  quantity  present  in  the  atmosphere.    In  order  to 
maintain  the  air  at  this  standard  an  ordinary  man  requires  to  be  supplied 
with  3000  cubic  feet  per  hour.    This  is  the  minimum  quantity  of  air  that 
-will  suffice  for  the  purpose,  and  it  would  evidently  be  unwise  to  trust  to  this. 
The  rule,  therefore,  laid  down  is  that  at  least  4000  cubic  feet  per  hour  must 
be  provided.     In  order  that  this  amount  of  air  may  be  obtained  without 
exposing  the  patient  to  draughts,  a  sufficient  cubic  s])ace  must  be  allowed  for 
each  patient,  so  that  if  the  air  be  changed  from  three  to  four  times  per  hour 
the  requisite  amount  may  be  supplied.  Under  exceptional  circumstances  1000 
cubic  feet  per  head  might  thus,  with  good  ventilation,  be  made  sufficient;  but 
no  surgeon  would  be  content  with  this  if  he  could  obtain  more  ;  as  in  civil 
practice  he  always  can.    The  rule,  therefore,  laid  down  in  the  construction  of 
hospitals  is  that  each  patient  shall  be  allotted  from  1500  to  2000  cubic  feet  of 
■space,  the  larger  space  being  required  for  infectious,  or  surgical  cases.  In 
■order  to  maintain  a  proper  degree  of  separation  of  the  patients  each  must  be 
allotted  from  100  to  120  square  feet  of  floor.    The  effective  height  of  a  ward 
for  the  purposes  of  ventilation  does  not  exceed  12  feet.    Not  only,  however,  is 
space  required,  but  change  of  air,  by  proper  ventilation,  is  equally  needful. 
Military  experience  has  shown  conclusively  that  churches  form  the  worst 
possible  hospitals,  for  in  these  buildings,  although  the  cubic  space  per  head 
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is  frequently  enormous,  but  little  provision  is  usually  made  for  efficient  change- 
of  air. 

The  second  cause  -of  vitiation  of  the  air  of  a  surgical  ward — the  emana- 
tions from  wounds  and  sores — is  more  or  less  completely  under  the  control  of 
the  surgeon.  Wounds  do  not  necessarily  add  to  the  impurity  of  the  sir  of  a 
ward ;  it  was  the  decomposition  of  the  discharges  and  the  effluvia  so  developed 
that  gave  rise  to  the  evil  consequences  formerly  so  familiar  to  most  surgeons- 
Experience  tends  to  show  that  if  decomposition  of  the  discharges  be  absolutely 
prevented,  a  case  with  a  wound  vitiates  the  air  of  a  ward  no  more  than  one 
without ;  and  in  the  present  day,  when  the  powers  and  properties  of  antiseptics- 
are  so  well  understood,  there  is  never  any  excuse  for  a  wound  becoming  a 
source  of  impurity  to  the  surrounding  air.  Should  decomposition  be  unavoid- 
able, as  it  still  is  in  many  cases,  it  is  easy  to  absorb  the  discharges  in  some- 
antiseptic  dressing,  which  will  completely  disinfect  them  as  soon  as  they  leave 
the  patient's  body.  Xo  surgeon  doubts  that  an  accumulation  of  putrid  Avounds'- 
in  a  ward  gives  rise  to  unhealthy  processes,  such  as  pyaemia,  septicaemia,, 
hospital  gangrene,  and  the  like.  If  such  diseases  do  arise,  most  are  agreed 
that  the  ward  must  be  thoroughly  disinfected  before  it  can  safely  be  used 
again.  Surely  it  is  more  rational  to  commence  the  disinfection  at  the  source- 
of  mischief — that  is  to  say,  the  wound. 

A  sufficient  cubic  space,  free  ventilation,  and  clean  wounds,  are  therefore  the- 
essentials  of  a  healthy  hospital.  Attention  to  these  three  conditions,  especially 
the  last,  has  in  many  Continental  hospitals  reduced  the  death-rate  to  less  than  a 
quarter  of  what  it  was  in  former  times.  Care  must  be  taken  in  attending  to- 
ventilation,  that  the  free  current  of  air  is  maintained  both  by  night  and  dav. 
It  is  from  want  of  this  precaution  during  night  especially  that  much  mischief 
often  results.  The  importance  of  maintaining  efficient  ventilation  during 
night,  and  the  little  danger  to  be  apprehended  from  the  admission  of  cold 
night  air,  have  been  so  forcibly  pointed  out  by  Miss  Nightingale  in  her  Notes- 
on  Nursing,  and  are  now  so  universally  admitted,  that  I  need  not  do  more 
than  add  the  testimony  of  my  experience  to  the  truth  of  her  observations.  In 
cold  weather,  also,  there  is  so  great  a  disposition  on  the  part  of  nurses  and 
patients  to  shut  up  wards  and  rooms,  that  the  air  becomes  close,  oppressive,  and 
contaminated ;  and  hence  it  is  that  erysipelas  and  similar  diseases  are  so  rife 
during  winter  and  early  spring.  The  "  East  Wind  "  is  commonly  accused  of 
being  the  cause  of  these  ;  and  no  doubt  it  is  so,  but  only  indirectly,  by  causing 
windows  and  doors  to  be  shut,  so  as  to  excluda  the  cold  that  usually  accom- 
panies that  wind,  and  thus  rendering  the  atmosphere  impure.  It  is  impossible 
to  over-estimate  the  importance  of  a  free  supply  of  pure  air  in  lessening  the- 
mortahty  after  operations,  not  only  in  hospitals,  but  equally  in  private 
dwelhngs.  The  fact  has  often  been  observed  in  military  practice,  and  the 
Franco-German  War  brought  it  into  strong  relief— that  those  wounded  fare 
best  who  arc  treated  in  open  huts  or  tents,  whilst  those  who  are  placed  in  the 
apparently  more  favourable  conditions  afforded  by  regular  houses  become 
decimated  by  those  scourges  of  military  surgical  practice,  pyemia  and  hospital 
gangi-cne.  It  is  the  difference  in  the  hygienic  arrangements  in  hospitals 
that,  more  than  any  other  condition,  influeuces  the  varying  rate  of  mortality 
m  different  institutions  ;  and  it  is  obvious  that,  mteris  paribus,  those 
patients  will  have  the  best  prospect  of  recovery  who  are  most  scrupulously 
attended  to  in  this  respect  ;  that  no  cases  of  operation  should  be  placed  in 
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ill-ventilated  wards,  or  in  those  that  contain  more  than  a  certain  percentage 
of  patients  suffering  from  wounds  or  sores,  the  discharges  from  which  are 
unavoidably  foul ;  and  that  the  performance  of  operations  in  close  and  ill- 
ventilated  rooms,  or  in  houses  situated  in  over-crowded  neighbourhoods,  should, 
as  far  as  possible,  be  avoided.  The  faulty  hygienic  conditions  that  are  still  too 
fi-equently  met  with  in  hospitals,  are  alike  a  cruelty  to  the  patient  and  an 
injustice  to  the  Surgeon.  The  cruelty  to  the  patient  consists  not  only  in 
exposing  him  to  an  increased  chance  of  death — or,  as  it  is  commonly  called, 
"  to  a  higher  rate  of  mortality  "  from  septic  diseases  that  are  preventable,  and 
that  are  the  direct  outcome  of  the  defective  hygienic  arrangements  of  the 
institution — but  in  subjecting  him  to  a  prolonged  and  imperfect  convalescence  ; 
either  or  both  of  Avhich  conditions  may  be  taken  as  the  measure  of  the  neglect 
of  sanitary  arrangements  in  a  hospital. 

But  want  of  attention  to  sanitary  hospital  arrangement  is  equally  an  injus- 
tice to  the  Surgeon.  His  reputation  suffers  by  an  increased  rate  of  mortality 
amongst  his  patients  from  causes  which,  though  preventable,  are  altogether 
beyond  the  sphere  of  his  control ;  an  undue  burden  of  anxiety,  responsibility, 
and  care  is  thrown  upon  him  by  the  necessity  under  which  he  lies  of  waging 
a  constant  warfare  against  septic  hospital  influences. 

Attention  to  hospital  hygiene  is  by  no  means  of  so  modern  a  date  as  many 
appear  to  suppose.  The  Surgeons  of  the  last  century  paid  great  attention  to 
it,  and  their  success  was  proportionately  great.  Thus  Alanson's  success  in 
amputations  has  never  been  surpassed,  and  rarely,  if  ever,  equalled  even 
with  the  aid  of  antiseptics  and  of  every  modern  appliance.  Writing  in 
1782  ("Alanson  on  Amputation  and  the  After-treatment,"  London,  1782), 
he  says  (Preface,  p.  15),  that  he  amputated  in  thirty-five  cases,  such  as 
promiscuously  occurred  in  the  Liverpool  Infirmary,  ivithout  tlm  loss  of  a  smgle 
patient.  The  symptomatic  fever  was  slight,  and  there  was  not  an  instance  of 
secondary  hsemorrhage  in  the  whole  series.  Alanson  was  a  sanitary  reformer 
in  his  day  ;  and  had  his  instructions  been  followed,  thousands  of  hvcs  would 
have  been  saved  which  have  since  his  time  been  wantonly  sacrificed  by  the 
neglect  of  hygienic  measures.  His  advice  is  so  practical  that  it  deserves  the 
att'entive  study  of  the  modern  Surgeon.  He  says  :  "The  air  in  which  the 
case  is  to  be  conducted  is  a  point  worthy  of  your  greatest  attention :  if  possible, 
the  room  should  be  spacious,  and  in  an  open  wholesome  situation.  It  is  well 
known  that  in  hospitals  which  are  situated  in  populous  towns  and  are  much 
crowded,  the  salutary  influence  of  the  air  is  so  altered,  that  compound  fractures 
and  other  important  surgical  cases  prove  peculiarly  fatal,  and  that  such  frac- 
tures may  almost  certainly  be  cured  in  the  country."  ... 

"  The  operation  of  amputation  done  in  the  country,  as  above  described,  will 
be  followed  almost  certainly  with  a  speedy  cure  ;  there  the  consequent  symp- 
toms are  trifling,  nearly  the  whole  internal  surface  of  the  wound  unites  by  the 
first  intention,  the  suppuration  consequently  is  small."  .  .  • 

"  Many  hospitals  are  so  tainted  by  unwholesome  effluvia  that  they  are  rather 
a  pest  than  a  relief  to  the  objects  they  contain."    (Op.  cit.,  p.  80—92.) 

Then  follow  sixteen  distinct  paragraphs  or  heads  of  the  most  useful  sanitary 
advice,  which  "  are  humbly  recommended  to  those  who  have  the  care  of  hos- 
pitals in  want  of  such  attention." 

This  code  of  regulations  deserves  careful  study.    In  it  Alanson  advises  : 

That  no  ward  should  be  inhabited  for  more  than  four  mouths  at  a  time  ; 
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that  it  be  cleansed,  whitewashed,  and  purified.  That  the  "  bed-sfcocks  "  be  ot 
iron  ;  the  bedding  frequently  changed,  and  made  of  inexpensive  materials  so 
that  ib  may  easily  be  renewed  ;  and  that  when  the  weather  admits,  ifc  be  ex- 
posed to  the  open  air  for  se\-^ral  hours  a  day.  That  dirty  patients  be  stripped 
of  their  clothing  before  admission  ;  that  they  have  a  warm  bath  and  then  be 
clothed  in  dresses  provided  by  the  hospital.  That  the  infected  clothes  be 
baked  in  a  properly  constructed  oven.  That  newly  admitted  patients  be  put 
into  clean,  well-ventilated  wards.  That  all  incurable  and  infectious  cases,  and 
especially  chronically  ulcerated  legs,  be  refused  admission.  That  offensive 
gangrenous  and  putrid  sores  be  placed  in  distinct  rooms,  and  not  suffered  to 
infect  a  whole  ward.  That  there  should  be  particular  rooms  provided  for 
patients  who  have  undergone  operations  ;  that  they  should  be  airy,  never  long 
inhabited,  and  afterwards  cleansed  and  ventilated.  That  a  hospital  should 
never  be  crowded  on  any  account,  and  always  so  large  that  a  part  may  be 
uninhabited.  That  the  mndows  be  opened  for  a  certain  number  of  hours 
■daily.  And  lastly,  that  eveiy  hospital  should  have  a  "  house  in  the  country," 
in  othei'  words,  a  "  convalescent  home,"  attached  to  it.  Modern  science  has 
■enabled  us  to  determine  the  true  nature  of  those  conditions  that  lead  to  hospital 
infection,  but  sanitary  practice  has  not  as  yet  gone  in  advance  of  the  admirable 
precepts  laid  down  by  Alanson  a  century  ago. 

The  mortality  arising  from  inattention  to  these  vai'ious  hygienic  conditions, 
whether  want  of  cleanliness  in  the  wound  or  want  of  pure  air  in  the  ward,  is 
aiot  a  necessity  of  the  operation,  but  rises  and  falls  according  as  the  treatment 
■of  the  wounds,  or  the  circumstances  in  which  the  patient  is  placed,  depart  more 
or  less  widely  from  those  conditions  that  are  necessary  to  the  maintenance  ot 
health.  The  frequency  of  the  occurrence  of  erysipelas  in  an  institution  may 
1oe  taken  as  an  indication  of  neglect  in  its  sanitary  arrangements.  Pyaemia 
tind  septicasmia  as  a  rule  indicate  in  addition  to  general  neglect,  a  want  of 
■cleanliness  in  the  wounds,  and  reflect  to  a  certain  extent  upon  the  Surgeon  as 
well  as  the  institution.  These  diseases  are  preventable,  and  ought  to  be  pre- 
vented. Surely  the  first  and  most  essential  requisite  of  a  hospital  is  that  it  be 
not  a  source  of  disease  to  its  inmates — that  those  who  are  compelled  to  seek 
its  aid  shaU  not  suffer  fi'om  its  effects. 

The  exposure  of  a  patient  after  an  operation  to  the  contagious  emanations 
■of  septic  diseases  from  other  sick  or  wounded  patients,  is  attended  by  the 
most  fatal  consequences.  "Whenever  it  is  practicable,  every  case  of  septic 
disease,  such  as  pyaemia,  erysipelas,  iiiflamed  absorbents  or  veins,  or  hospital 
gangrene,  should  be  rigorously  excluded  from  the  ward  or  room  in  which  other 
patients  with  operation- wounds  happen  to  be  lying  ;  and,  if  possible,  the  same 
nurses,  dressers,  or  surgeons  should  not  be  allowed  to  go  from  the  infected  to 
the  healthy,  nor  should  the  same  appliances,  dressings,  or  sponges  be  used  for 
both.  When  this  is  not  possible,  the  danger  of  infection  may  be  greatly 
■'iiminished  by  the  free  use  of  antiseptics  to  the  wounds  both  of  the  infected 
:and  the  healthy.  Great  care  also  should  be  taken  in  the  purification  of  the 
bedding  that  has  been  used  by  patients  suffering  fi'om  septic  disease  ;  the 
blankets  especially  are  apt  to  harbour  infection  long,  and  must  be  thoroughly 
purified. 

3.  The  Special  Conditions  directly  excited  by  the  Operation  itself 

predisposed  to  by  the  circumstances  that  we  have  just  been  considering,  and 
commonly  leading  to  a  fatal  result,  of  which  they  are  the  immediate  oncnsion. 
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arc  the  following : — Shock,  Exhaustion,  Haemorrhage,  Gangrene,  Tetanus, 
Pyasmia,  Septicasmia,  Erysipelas,  and  other  Diffuse  Inflammations.  These 
causes  of  death  are  so  yarious,  and  comprise  so  many  distinct  diseases, 
that  I  shall  do  little  more  here  than  mention  them  ;  i-eferring  tlie  reader 
to  the  different  chapters  in  the  body  of  the  work,  in  which  each  is  specially 
treated. 

The  Shoclc  of  an  Operation  may  prove  fatal  in  various  ways  :  from  the 
severity  of  the  mutilation,  as  in  a  case  of  double  amputation  ;  from  the 
nervous  centres  being  implicated,  as  in  the  removal  fi-om  the  face  of  large 
tumours  that  have  connections  with  the  base  of  the  skull  ;  from  fear,  or  from 
the  state  of  nervous  depression  into  which  the  patient  has  previously  fallen, 
causing  him  to  feel  the  influence  of  an  operation  disproportionately  to  its 
se'S'erity.  These  various  effects  of  shock  have,  however,  been  much  lessened 
since  anaesthetics  have  been  generally  administered  in  operative  surgery. 
AuEesthesia,  however,  does  not  remove  the  physical  impression  produced  on 
the  system  by  a  severe  mutilation  ;  hence  the  influence  of  a  sei-ious  and 
prolonged  operation  is  still  manifested  in  the  production  of  shock,  of  collapse, 
and  of  slow  recovery,  even  though  the  patient  have  suffered  no  actual  pain. 
Certain  operations  appear  to  exercise  a  peculiarly  depressing  effect  on  the  nervous 
system,  even  though  no  pain  be  exj)erienced.  Thus,  in  castration,  at  the 
moment  of  the  division  of  the  spermatic  cord,  the  pulse  will  sink  markedly, 
even  though  the  patient  haA'e  been  fully  ansesthetised.  So  much  is  this  the 
case,  that  it  is  well  at  that  moment  to  suspend  the  administration  of  the 
anaesthetic. 

Exhaustion,  without  any  tangible  local  or  constitutional  disease,  is  an  occa- 
sional cause  of  death  after  severe  operations  ;  more  particularly  in  delicate 
females,  in  feeble  or  debilitated  subjects,  in  those  Avho  have  lost  much  blood, 
or  who  have  become  weakened  by  protracted  suppuration.  A  large  number  of 
the  deaths  formerly  recorded  as  due  to  exhaustion  were  doubtless  the  effect  of 
slow  poisoning  from  the  absorption  of  putrid  matter  from  unclean  and  imper- 
fectly drained  Avounds. 

H(zmorrliage,  if  very  copious,  may  destroy  the  patient  by  inducing  syncope 
that  may  be  immediately  fatal ;  or  by  increasing  the  influence  of  the  shock  so 
that  he  cannot  rally  ;  or,  by  weakening  him  and  lowering  his  vitahty.  it  may 
render  him  more  liable  to  be  affected  by  unhealthy  inflammations  and  septic- 
processes,  which  frequently  terminate  fatally. 

During  the  performance  of  an  operation,  hEemorrhage  should,  as  much  as 
possible,  be  prevented  ;  the  operation  itself  is  a  cause  of  depression,  and  any 
oreat  loss  of  blood  seriously  aggravates  this.  It  is  in  these  secondary  and 
indirect  effects  that  the  great  danger  of  excessive  hajmorrhage  lies.  Blood  is 
a  Tery  complex  fluid  ;  if  once  lost  it  is  not  easily  replaced,  more  especially  in 
advanced  years.  At  any  period  of  life,  its  excessive  loss  may  permanenlly 
impair  the  constitutional  powers.  Patients  who  have  lost  much  blood  make 
slow  recoveries,  often  interrnpted  by  intercurrent  diseases  ;  and  not  unfrc- 
quently  die  at  the  end  of  two  or  three  weeks,  from  some  visceral  complicatioii. 
In  fact,  it  is  in  this  way,  rather  than  from  its  immediately  dangerous  con- 
sequences, that  the  loss  of  a  large  quantity  of  blood  during  an  operation  proves 
injurious  to  the  patient.  AVhen  hemorrhage  occurs  a  few  hours,  or  a  day 
or  two,  after  an  operation,  it  usually  proceeds  fi'om  imperfect  ligature  of  the 
vessels,  or  fi-om  arteries  bleeding  after  the  setting-in  of  reaction,  which  had 
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not  furnished  blood  whilst  the  patient  was  under  the  influence  of  the  shock  of 
operation.  On  recovery  from  ana3sthesia  also,  it  not  unfrequently  happens 
that  arteries  begin  to  spout,  which  yielded  little  or  no  blood  whilst  the  patient 
was  in  a  state  of  anesthesia.  In  these  circumstances,  haBmorrhage  is  of  far 
less  moment,  and  is  less  frequently  fatal,  than  when  it  occurs  at  a  later  period, 
in  consequence  of  some  morbid  condition  of  the  wound,  and  frequently  in 
association  with  local  diflPuse  inflammation  or  general  infective  processes. 

Ganrjrem  is  not  a  common  cause  of  death  after  operations,  except  in  the 
phagedsenic  form  in  military  practice  in  time  of  war.  When  it  occurs  in 
civil  hospital  practice,  it  is  the  result  of  faulty  hygienic  conditions  ;  and  its 
frequency  in  any  institution  is  the  dii-ect  measure  of,  and  of  itself  a  conclusive 
proof  of,  neglected  or  defective  sanitary  arrangements.  In  the  local  form  it 
may,  however,  occur  without  being  the  result  of  want  of  hygienic  precau- 
tions, from  purely  local  conditions,  as  in  a  limb  from  excessive  traumatic 
violence,  or  in  a  strangulated  hernia  in  consequence  of  prolonged  strangu- 
lation of  the  gut  before  operation. 

Tetanus  but  rarely  occasions  death  after  operations  in  this  country.  When 
it  does  occur,  it  is  more  frequently  after  the  lesser  than  after  the  greater 
operations  that  it  develops  itself. 

Internal  Inflammations  of  an  acute  and  active  character  may  cany  off'  tbe 
patient  after  an  operation  in  two  ways.  Inflammation  of  this  kind  may  have 
existed  antecedently  to  the  operation,  being  the  disease  for  which  it  is  per- 
formed ;  and,  being  unchecked  by  the  operation,  may  continue  its  course  and 
destroy  hfe.  Thus,  wlien  a  child  dies  after  tracheotomy  for  croup,  death  is 
not  in  general  occasioned  by  the  operation,  but  by  the  extension  into  the 
hmgs  of  the  disease  for  which  it  has  been  performed.  Or  the  inflammation 
may  be  the  consequence  of  the  operation  ;  as  when  peritonitis  occurs  after  the 
operation  for  strangulated  hernia,  or  meningitis  after  the  skull  has  been 
trephined.  But  it  is  not  by  the  action  of  any  of  these  direct  results  that  an 
operation  usually  proves  fatal.  In  the  gi-eat  majority  of  instances,  death  is 
occasioned  in  a  more  indirect  manner  by  the  development  of  infective 
inflammations,  to  which  a  neglect  of  hygienic  laws  acts  as  a  powerful  pre- 
disposing cause. 

Local  and  Gemral  TnfecLive  Diseases  of  septic  origin,  such  as  wound- 
diphtheria,  hospital  gangrene,  pysemia  and  septictemia,  were  formerly  frequent 
causes  of  death,  more  particularly  in  large  towns.    They  were  the  dread  of 
surgeons  and  the  scourges  of  hospitals,  and  to  them  were  probably  due  three- 
fourths  of  all  deaths  after  operations.    This  proportion  has,  however,  beeu 
greatly  reduced  of  late  years  by  improved  methods  of  treating  wounds,  and 
greater  attention  to  tlie  sanitaiy  arrangements  of  our  hospitals.    In  the 
production  of  these  diseases,  an  impure  blood,  loaded  with  effete  materials 
retained  tlirough  habitual  disi-egard  of  the  ordinary  rules  of  health  or  thi-ough 
defective  ehmination  by  the  kidneys  and  skin,  acts  as  a  potent  predisposing 
cause.    In  these  circumstances,  it  is  not  the  extent  of  the  wound  that 
determines  the  dangerous  results.     A  mere  breach  of  surface,  however 
trivial,  is  sufficient  to  form  a  starting  point  for  these  morbid  processes.  The 
amputation  of  a  toe  may  Ije  as  fatal  as  that  of  tlie  thigh,  or  the  removal  of  a. 
small  atheromatous  cyst  of  the  scalp  as  the  al^lation  of  the  breast  ;  the  only 
additional  danger  essentially  connected  with  the  greater  operation  being  the 
increased  risk  from  shock  aind  hicmon-hage, 
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PRmPARATION    FOB    OPERATION.  ^ 

The  Surgeon,  being  cunviuced  of  the  necessity  of  having  recourse  to  an 
operation,  should  full}'  and  unreservedly  lay  before  his  patient  the  state  of  the 
case,  and,  if  necessary,  give  the  reasons  that  render  it  imperative,  in  order  to 
obtain  his  consent  and  that  of  his  family.    In  the  CA'ent  of  the  patient  refusing 
to  submit,  what  course  should  the  Surgeon  pursue  ?  In  this  he  must  be  guided 
partly  by  the  nature  of  the  proposed  operation  ;  and  partly  by  the  state  of  the 
'patient,  and  his  capability  of  forming  a  correct  judgment  of  his  case.    If  the 
operation  be  one  of  expediency,  merely  for  the  relief  of  an  infirmity  or  the 
removal  of  an  ailment  which  does  not  directly  jeopardise  life,  most  certainly  no 
Surgeon  would  think  of  undertaking  it  without  the  full  consent  of  his  patient. 
If,  on  the  other  hand,  it  be  an  operation  that  is  imperatively  necessary  for  the 
preservation  of  life,  in  which  the  delay  of  a  few  minutes  or  hours  may  be 
fatal  to  the  patient,  as  in  one  of  the  four  cases  of  extreme  surgical  urgency, 
viz.,  dangerous  haemorrhage,  asphyxia,  over-distended  bladder,  or  strangulated 
hernia,  and  where  the  patient,  unaware  of,  or  incapable  of  being  made 
to  understand,  the  necessity  for  immediate  action,  is  unwilling  to  assent 
to  the  proposal,  the  Surgeon  will  truly  be  placed  in  a  dilemma  of  anxious 
responsibility  ;  between  allowing  the  patient  to  fall  a  sacrifice  to  his  obstinacy, 
ignorance,  or  timidity,  and  attempting,  perhaps  unsuccessfully,  to  rescue  him 
from  inevitable  death  without  his  own  consent.    I  believe  the  projier  course 
for  the  Surgeon  to  pursue  under  such  circumstances,  is  to  judge  for  the  patient 
in  a  matter  on  Avhich  he  is  clearly  unable  to  form  an  opinion,  and  to  compel 
him,  so  far  as  is  legal  and  practicable,  to  submit  to  the  necessary  steps  for  the 
preservation  of  his  life,  or  to  put  him  under  an  anaesthetic,  and,  when  he  is 
unconscious,  to  perform  any  operation  that  may  be  necessary.  In  the  event  of 
the  patient  being  insensible,  as  after  an  injury  of  the  head,  the  Surgeon  must 
necessarily  take  upon  himself  to  act  as  the  case  requires.    Children  cannot  be 
considered  capable  of  giving  an  opinion  as  to  the  propriety  of  an  operation  ; 
the  consent  of  the  parents  is  here  necessary,  and  is  quite  sufficient  ;  and,  in  their 
absence,  if  the  case  is  an  urgen  t  one,  the  Surgeon  must  stand  in  loco  parentis^ 
and  take  all  responsibility  upon  himself. 

These  points  having  been  determined,  the  patient  should,  if  possible,  be 
Prepared  for  the  Operation.  In  a  great  number  of  cases  requiring  operation, 
as  in  strangulated  hernia,  bad  compound  fracture,  &c.,  no  time  is  aUowed  for 
preparation,  but  the  Surgeon  must  at  once  submit  the  patient  to  tlie  knife, 
whatever  the  state  of  his  constitution  may  be.  But  in  the  more  chronic  cases, 
time  is  given  for  improving  the  constitution.  This  preparation  must  not 
consist  in  any  routine  system  of  purging  and  starving,  which  is  ill  calculated 
to  make  the  constitution  fit  to  meet  the  call  that  will  be  made  upon  its  powei-s, 
nor,  on  the  other  hand,  in  blindly  adopting  a  tonic  or  stimulating  regimen  ; 
but  in  adapting  our  means  to  the  condition  of  the  patient  and  the  nature  of 
the  operation  to  be  performed.  The  tendency  to  erysipelas,  pyasmia,  and 
diffuse  inflammations  generally,  is  materially  lessened  by  supporting  the 
patient's  strength,  l)y  means  of  a  nutritious  diet,  previously  to  the  perf onnance 
of  the  operation.  Indeed,  in  many  of  the  more  severe  injuries  and  surgical 
disea-ses,  it  is  only  by  the  use  of  a  nutritious  diet,  and  by  the  administration  of 
tonics,  such  as  quinine,  or  iron,  and  stimulants,  sometimes  in  considerable 
quantities,  that  the  patient  can  be  brought  into  a  condition  to  bear  the  shock 


AMSTHETICS, 


19 


and  consequent  depression  of  tlie  operation.  This  is  more  particularly  the  case 
with  hospital  patients  of  bad  constitution,  who  have  met  with  serious  accidents; 
followed  by  much  suppuration  and  fever.  In  the  more  chronic  cases,  the 
time  should  be  seized  for  the  operation  when  the  temperature  of  the  body  is 
not  too  high,  when  the  secretions  are  tree,  the  tongue  clean,  and  the  action  of 
the  skin  and  kidneys  healthy  ;  and,  above  all,  the  mind  should  be  kept  tranquil 
and  hopeful,  being  allowed  to  dwell  as  httle  as  possible  upon  the  impending 
event.  In  many  operations,  as  those  on  the  rectum  and  urinary  organs,  or  in 
those  of  a  plastic  character,  special  modes  of  preparation  are  required,  which 
will  be  discussed  when  we  come  to  treat  of  the  operations  in  detail. 

The  Surgeon  himself  must  always  feel  the  heavy  responsibility  that  hangs 
over  him  during  the  performance  of  a  great  operation — at  that  moment 
when,"  as  Dr.  Grant  has  elegantly  said,  "  Death  everywhere  surrounds  his 
knife  as  he  is  endeavouring  to  convey  aU  his  knowledge  to  its  point."  But 
having  carefully  considered  each  successive  step  of  the  operation,  pro^^ded  for 
every  emergency  that  can  by  any  possibility  arise  in  the  course  of  it,  and 
trusting  in  Him,  from  whom  all  knowledge  is  derived,  to  strengthen  his 
judgment  and  guide  his  hand  aright,  he  will  proceed  to  the  performance  of  his 
duty  with  self-reliance,  and  in  the  full  confidence  of  being  able  to  effect  all  that 
Art  can  accomplish. 

aENERAL  ANAESTHETICS. 

It  is  reasonable  to  believe  that  the  prevention  of  pain  in  surgical  operations 
has  been  an  object  of  solicitude  to  Surgeons,  as  well  as  to  patients,  from  the 
earliest  ages  :  and  narcotics  of  various  kinds  have  at  different  times  been 
employed  with  this  view.  But  the  effect  of  these  was  so  uncertain — their 
after-consequences  perhaps  so  injurious— that  no  permanent  reliance  was 
placed  upon  them.  The  earliest  distinct  record  of  an  attempt  to  induce 
anaesthesia  by  the  inhalation  of  vapours  is  to  be  found  in  the  works  of 
Theodoric,  Bishop  of  Cervia,  who  wrote  about  the  middle  of  the  thirteenth 
century.  (Lib.  IV.,  Cap.  VIII.)  He  recommended  the  use  of  the  Spongia 
Somnifera,  invented  by  his  master,  Hugo  of  Lucca.  The  sponge  was  thus 
prepared  :  opium  was  mixed  Avith  the  juice  expressed  from  unripe  mulberries, 
mandrake  leaves  (mandragora  officinarum),  ivy  and  hemlock,  with  the  seeds  of 
lettuce  and  sorrel  and  some  other  substances.  When  these  were  all  mixed  to- 
gether in  a  brazen  vessel,  new  sponges  were  placed  in  the  fluid,  and  the  whole 
boiled,  and  subsequently  placed  in  the  sun  in  the  dog  days  until  it  was  com- 
pletely evaporated  to  dryness.  When  required  for  use  the  sponge  was  soaked 
in  hot  water  for  an  hour  and  then  held  over  the  nostrils  of  the  patient  until 
sleep  was  induced.  After  the  operation  the  patient  was  roused  by  another 
sponge  soaked  in  vinegar  or  fenugreek  being  held  to  the  nose.  It  is  probable 
that  the  desired  effect  was  seldom  produced,  as  later  writers  make  no  mention 
of  the  method. 

It  was  not  till  the  commencement  of  the  present  century  that  definite 
attempts  were  made  to  induce  ansestliesia  by  inhalation.  The  discovery  of  the 
remarkable  properties  exercised  on  the  nervous  system  by  nitrous  oxide,  then 
led  Sir  Humjjhry  Davy  and  others  to  entertain  hopes  that  it  might  be  used  as 
a  means  of  relieving  pain  dui-ing  sm'gical  operations.  Experiments  were  made 
with  the  gas  with  this  view,  but  they  did  not  prove  altogether  satisfactoiT, 
and  its  administration  was  abandoned,  except  as  a  means  of  annisement. 
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It  is  needless  to  do  more  than  allude  to  sucli  means  as  tlie  compression  of  the 
nerves  of  the  limb,  as  recommended  by  Moore — the  employment  of  excessive 
venesection,  as  adopted  by  Wardrop — or  the  production  of  insensibility  by 
mesmerism  by  Esdaile  and  others.  These  means  of  inducing  anaesthesia  w  ere 
either  inefficient,  dangerous,  or  chimerical. 

It  was  not  until  1844  that  a  serious  attempt  was  again  made  to  introduce 
insensibility  by  inhalation  during  operations  :  and  to  the  Americans  is 
undoubtedly  due  the  honour  of  having  established  the  ]Dractice  of  Anjesthesia 
in  Surgery.  In  that  year  Horace  Wells,  a  dentist  of  Hartford,  Connecticut, 
inhaled  nitrous  oxide  gas  with  the  view  of  rendering  himself  insensible  during 
the  extraction  of  a  tooth  ;  and,  finding  the  experiment  succeed,  repeated  it  on 
several  of  his  patients.  Its  success  was  not,  however,  constant ;  and  having 
failed  in  several  cases,  he  seems  to  have  given  up  the  attempt.  In  1846 
Dr.  Morton,  a  dentist,  and  a  pupil  of  "Wells,  used  the  vapour  of  ether  instead 
of  the  nitrous  oxide  gas  ;  and,  having  succeeded  in  extracting  several  teeth 
painlessly,  applied  to  the  authorities  of  the  Massachusetts  General  Hospital  at 
Boston  for  permission  to  administer  it  to  a  man  from  whom  Dr.  J.  C.  AYan-en 
was  about  to  remove  a  tumour  of  the  neck.  The  result  was  most  successful. 
The  news  of  this  great  discovery  was  immediately  sent  to  England,  where  the 
first  operations  on  patients  angesthetised  by  the  inhalation  of  ether,  were 
performed  at  the  University  College  Hospital  by  Liston^  who  amputated  a 
thigh  and  tore  out  an  ingrowing  toe-nail  without  any  suffering  to  the  patient. 
At  these  operations  I  was  present ;  they  were  performed  on  Dec.  22,  1846  : 
and  from  that  time  the  use  of  anaesthetics  has  been  estabhshed  in  surgical 
practice  in  every  civilised  country. 

For  more  than  a  year,  sulphm-ic  ether  was  the  only  agent  habitually  used 
for  inducing  auassthesia.  But  during  the  whole  of  this  period  many  profes- 
sional men  were  busy  with  experiments  on  the  antesthetic  influence  of  various 
kinds  of  vapours  ;  and  in  November,  1847,  Professor  Simpson,  of  Edinbiu-gh, 
pnbhshed  .an  account  of  the  anaesthetic  properties  of  chloroform.  In  this 
country  this  agent  soon  came  to  be  generally  employed,  although  ether  held 
its  ground  with  the  American  surgeons,  by  most  of  whom  it  has  always  been 
preferred  to  chloroform. 

The  employment  of  Anresthetics  in  Surgery  is  undoubtedly  one  of  the 
greatest  boons  ever  conferred  upon  mankind.  To  the  patient  it  is  invaluable 
in  preventing  the  occurrence  of  pain,  and  to  the  Surgeon  in  reheving  him 
from  the  distress  of  inflicting  it.  Anesthesia  is  not,  however,  an  unmixed 
good.  Every  agent  by  which  it  can  be  induced  produces  a  powerful  impres- 
sion on  the  system,  and  may  occasion  dangerous  consequences.  "We  cannot 
purchase  immunity  from  suffering  without  incurring  a  certain  degree  of  risk 
from  the  very  agent  which  gives  ns  ease.  There  can,  hoAVCA-er,  1)e  little 
doubt  that  many  of  the  deaths  that  have  followed  the  inhalation  of  ana3Sthetics 
have  resulted  from  want  of  knowledge  or  of  due  care  on  the  jwrt  of  the 
administrators.  Yet,  whatever  precautions  be  taken,  there  is  reason  to  fear 
that  a  fatal  result  must  occasionally  happen.  This  immediate  risk,  whicli  is 
very  small,  is  more  than  counterbalanced  by  the  immunity  from  other  dangei-s 
whicli  used  formerly  to  occur  dui-ing  operations. 

There  is  another  question  in  relation  to  anaesthetics  which  at  one  tnne 
gave  rise  to  much  discussion  ;  viz.,  Do  they  influence  the  rate  of  mortality 
after  operations  ?    Simpson  published  statistics  to  show  that  the  death  rate 
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was  lessened  by  their  introduction,  wliile  J.  Arnott,  on  tlie  other  liand, 
udduced  figures  to  prove  that  it  was  materially  increased  ;  in  amputation  by 
12  and  in  lithotomy  by  as  much  as  28  per  cent.  I  am  inclined  to  believe 
that  the  rate  of  mortality  was  at  first  increased.  But  was  this  increase 
altogether,  or  indeed  in  any  degree,  due  to  any  effect  produced  on  the  system 
by  the  iidialation  of  the  aneesthetio  ?  Was  it  not  in  reality  rather  the 
indirect  than  the  direct  result  of  the  employment  of  anaesthetics  ?  A  surgical 
operation  was  formerly,  from  the  pain  attending  it,  looked  upon  as  a  more 
serious  affair  than  it  is  at  the  present  day,  and  the  Surgeon  was  not  willing  to 
inflict  suffering  unless  there  were  almost  a  certainty  of  a  successful  issue. 
Since  the  introduction  of  anaesthetics,  however,  the  Surgeon  in  his  anxiety  to 
give  his  patient  a  chance  of  life  not  unfrequently  operates  for  disease  or 
injury  which  would  formerly  have  been  left  without  an  attempt  at  relief. 
This  alone  would  account  for  some  increase  in  the  mortality  after  operations 
taken  generally. 

But  there  was  another  cause  which  may  account  for  a  higher  death  rate. 
During  the  first  twenty  years  after  the  introduction  of  auEesthetics  the  actual 
number  of  operations  performed  in  hospitals  enormously  increased,  in  great 
measure  owing  to  their  employment.  Hence  hospital  wards  became  more 
crowded  than  formerly  with  severe  operation  cases,  and  in  the  absence  of  any 
efficient  antisejDtic  treatment,  the  causes  of  septic  diseases  became  much  more 
rife,  eiysipelas,  septicEemia,  pytemia,  and  hospital  gangrene  more  frequent,  and 
the  mortality  proportionately  increased.  At  the  present  time,  however,  owing 
to  the  improved  treatment  of  wounds  and  better  sanitary  arrangements  the 
mortality  after  operations  is  certainly  lower  than  it  ever  was  before  the  days 
of  ansesthetics.  Although,  therefore,  at  the  present  time  the  statistics  of 
surgery  show  no  evidence  of  an  increase  of  mortality  due  to  the  employment 
of  angesthetics,  I  cannot  but  think  that  chlorofoim  and  ether  do  exercise  a 
noxious  influence  and  lessen  the  prospect  of  recovery  in  certain  cases.  In 
some,  especially  if  the  kidneys  are  diseased,  the  prolonged  vomiting  that  often 
follows  their  administration  may  depress  the  patient  to  such  an  extent  that 
he  may  fail  to  rally  after  the  operation.  In  other  cases  the  irritating  vapour 
either  of  ether  or  chloroform  may  aggravate  existing  bronchitis  to  a  fatal 
degree.  Some,  therefore,  purchase  the  immunity  from  suffering  by  a  lessened 
chance  of  recovery,  but  there  is  no  reason  to  believe  that  this  is  the  case  with 
a  patient  who  at  the  time  of  the  operation  is  in  good  health  save  for  the  local 
disease  for  the  relief  of  which  the  operation  is  undertaken. 

Administration  op  Anaesthetics. — Ansesthetics  should  never  be  given 
but  by  a  person  accustomed  to  their  use,  and  on  whose  capability  the  Surgeon 
has  full  reliance  ;  as  nothing  is  more  embarrassing  during  an  operation,  than 
to  have  any  doubt  about  the  anaesthetic  being  properly  administered.  It 
must  not,  however,  be  imagined  that  they  can  be  safely  given  only  by  a 
spc'ciaUst.  Every  student  before  leaving  the  hospital  may  easily  make  himself 
sufficiently  acquainted  with  the  details  of  their  administration  to  enable  him 
to  give  them  with  perfect  safety,  provided  he  pays  undivided  attention  to 
what  he  is  doing  and  does  not  allow  his  mind  to  be  diverted  by  watching  the 
operation  or  by  attempting  to  act  both  as  anesthetist  and  assistant. 

No  anesthetic  should  ever  be  administered,  exce])t  in  cases  of  great 
emergency,  to  a  patient  who  has  eaten  anything  within  three  or  four  liours, 
lest  it  induce  vomiting  of  the  partially  digested  meal.    On  the  other  hand, 
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tlie  patient  should  not  be  exhausted  by  want  of  f«iod,  as  may  happen  if  tlie 
operation  be  performed  early  in  the  morning.  Thus,  if  0'30  be  the  hour 
fixed,  he  may  have  a  cup  of  strong  beef-tea  at  6  "30.  Before  any  anaesthetic 
is  administered,  the  patient  should  be  asked  if  he  wears  false  teeth,  and  if  so, 
they  should  be  removed.  Any  article  of  clothing  about  the  neck,  chest,  oi" 
waist,  that  might  cause  interference  with  respiration  or  circulation  must  be 
loosened,  and  the  patient  should  then  be  placed,  if  possible,  in  the  recumbent 
position. 

,  It  should  be  borne  in  mind  that  it  is  not  necessary  in  all  operations  to 
administer  the  anaesthetic  to  the  same  extent.  In  all  the  greater  opei'ations,  as 
amputations,  lithotomy,  and  the  ligature  of  arteries,  enough  should  be  given 
to  completely  paralyse  muscular  movement,  as  well  as  to  suspend  sensibility 
and  consciousness.  In  operations  for  hernia,  also,  and  all  other  proceedings 
implicating  the  abdominal  walls,  if  complete  muscular  relaxation  be  not 
induced,  great  inconvenience  and  not  a  little  danger  may  result.  So,  also,  in 
very  painful  operations  about  the  anus  and  genital  organs,  a  full  dose  should 
be  given.  But  for  minor  operations  of  short  duration,  it  will  be  sufficient 
to  give  enough  merely  to  suspend  sensibility  without  inducing  complete 
muscular  relaxation. 

Administration  of  Chloroform. — Chloroform  may  be  administered  in 
many  different  ways,  either  on  hnt  or  on  a  handkerchief,  or  through  an  inhaler 
of  some  kind.  The  following  is  the  way  in  which  it  may  most  safely  be 
given  on  lint  or  a  handkerchief,  without  apparatus  of  any  kind.  On  a  piece 
of  folded  lint,  about  three  inches  square,  and  consisting  of  three  doubles, 
about  a  drachm  of  chloroform  is  poured;  and  the  lint  is  then  held  at  a 
distance  of  about  three  inches  from  the  nose  of  the  patient,  so  as  to  permit  a 
very  free  admixture  of  air  with  the  first  few  inhalations  of  the  vapouj-.  After 
the  lapse  of  about  half  a  minute,  the  lint  is  brought  nearer  to  the  patient's 
nose,  to  within  a  distance  of  perhaps  an  inch,  being  never  allowed  to  touch — 
for,  apart  from  any  other  danger,  it  may  blister  the  skin  ;  at  the  same  time 
a  porous  towel,  not  doubled,  is  lightly  laid  over  the  face  of  the  patient  and 
the  hand  of  the  operator,  so  as  to  limit  the  escape  of  the  chloroform-vapom-, 
but  not  to  prevent  the  admission  of  air.  During  the  whole  time,  it  is  the 
duty  of  the  administrator  to  keep  his  hand  on  the  pulse,  to  watch  the  breathing, 
and  occasionally  to  examine  the  pupils  of  the  patient. 

The  method  just  described  has  been  shown  by  experience  to  be  one  of  the 
most  practically  useful  modes  of  administration,  and  to  be  quite  as  safe  as  any 
other.  A  committee  of  the  Medical  and  Chirurgical  Society  of  London,  which 
reported  on  the  administration  of  chloroform  in  1804,  determined  that  per 
cent,  is  the  maximum  amount  of  the  vapour  which  can  safely  be  mixed  with 
the  air  the  patient  inhales.  Sir  Joseph  Lister  has  shown  by  experiment  that 
the  proportion  given  off  from  a  folded  piece  of  lint,  used  as  above  described, 
is  far  below  this,  and  there  is  therefore  no  necessity  for  the  use  of  the  com- 
plicated and  ingenious  inhalers  which  have  sometimes  been  recommended. 
Clover,  to  whom  we  are  indebted  for  the  most  accurate  and  scientific  of  these 
instruments,  used  it  himself  many  thousands  of  times  without  an  accident  of 
any  kind,  but  it  is  highly  probable  that  so  careful  and  skilful  an  administrator 
would  have  obtained  equally  good  results  had  lie  used  merely  a  piece  of  lint 
as  above  described.  Whatever  leads  the  administrator  to  rely  upon  anything 
but  careful  and  continuous  observation  of  the  symptoms  (if  the  patient  is  an 
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evil  in  the  administration  of  chloroform,  and  all  inhalers  have  a  tendency  to  do 
tins.  The  only  merit  that  can  be  claimed  for  any  form  of  inhaler  is  that  the 
mixture  of  chloroform  and  air  given  is  of  constant  strength,  whereas,  when 
administered  on  lint,  the  vapour  given  off  is  most  powerful  immediately  after 
the  liub  has  been  wetted  with  the  anaasthetic,  and  gradually  diminishes  in 
strength  as  the  administration  continues.  This  may  be  obviated  by  the  follow- 
ing plan,  which  is  now  recommended  by  Lister  in  the  place  of  that  which  he 
fonnerly  advocated.  Put  one  corner  of  a  stiffish  towel  over  the  face  in  such 
a  way  that  the  point  is  over  the  chin  ;  opposite  the  forehead  gather  up  the 
towel  in  three  or  four  puckers,  and,  if  necessary,  pass  a  pin  through  them  ;  there 
is  thus  produced  a  concave  mask,  which  covers  the  mouth  and  nose  tolerably 
accm-ately.  By  allowing  a  drop  or  two  of  chloroform  to  fall  upon  it  from  a 
drop-bottle  every  few  seconds,  the  central  part  is  kept  constantly  wet  over  an 
area  about  two  inches  in  diameter.  By  this  means  a  vapom*  of  practically 
constant  strength  can  be  easily  administered. 

Chloroform  should  not  be  given  too  suddenly  nor  in  too  concentrated  a 
form.  If  lint  be  used,  it  must  not  be  too  much  saturated  nor  be  held  too 
closely  appUed  to  the  mouth  and  nostrils,  or  the  patient  may  not  be  able 
get  sufficient  air,  and  may  speedily  become  partially  asphyxiated,  chokin„ 
violently,  struggling  to  get  free,  and  l)ecoming  purple  in  the  face.  Care 
should  be  taken  not  to  compress  the  abdomen  in  holding  the  patient ;  for,  as 
.  the  respiration  becomes  chiefly  diaphragmatic,  it  may  be  seriously  interrupted 
by  any  pressure  on  the  abdominal  wall.  Whilst  under  the  influence  of 
chloroform  the  patient  should  never  be  raised  up  ;  for,  as  this  agent  exercises 
a  powerftil  sedative  action  on  the  heart,  sudden  and  perhaps  fatal  syncope 
may  ensue  fr-om  putting  the  patient  into  the  erect  position.  Hence,  also,  it 
is  dangerous  to  administer  ib  in  those  operations  that  require  to  be  performed 
whilst  the  patient  is  erect.  With  due  caution,  it  may  be  given  with  perfect 
safety  to  individuals  of  all  ages.  I  have  operated  on  infants  less  than  a  week 
old,  as  well  as  on  octogenarians,  under  its  influence.  In  administering  it  to 
young  chikfren,  Bnow  recommended  its  dilution  with  rectified  spfrit,  but  this 
is  unnecessary. 

The  eflTects  of  the  administration  vary  considerably  in  different  patients. 
Occasionally  the  patient  becomes  unconscious  as  quietly  as  in  the  natural 
process  of  going  to  sleep.  More  commonly  the  first  effect  produced  is  a 
feehng  of  waimth  at  the  pit  of  the  stomach.  This  is  followed  by  some  choking 
sensation  and  violent  beating  of  the  heart,  with  noises  in  the  head.  At  this 
period  the  patient  begins  to  lose  self  control.  He  talks  excitedly,  but  not 
absolutely  incoherently,  and  the  struggling  which  frequently  takes  place 
assumes  the  form  of  efforts  to  remove  the  chloroform  ft-om  his  face,  or  to 
escape  fr-om  the  hands  of  the  Surgeon  and  his  assistants.  At  this  time  the 
pulse  is  quicker  and  more  forcible  than  natural,  the  respiration  is  hurried  and 
deep,  the  pupil  acts  readily  to  light,  the  face  becomes  flushed,  a,nd  if  the 
struggling  is  violent,  it  may  be  purple  and  turgid.  The  patient  frequently 
remembers  the  struggle  with  the  administrator  during  this  stage,  and  the 
burgeon  and  his  assistants  should  avoid  any  unguarded  expression  which  might 
leave  on  the  patient's  mind  an  idea  that  he  was  roughly  used.  This  period  of 
excitement  is  quickly  followed  by  loss  of  consciousness.  The  struggling  may 
•stdl  continue,  but  the  movements  are  purposeless,  and  such  words  as  he  utters 
are  disconnected  and  incoherent.    At  this  stage,  a  violent  tonic  contraction^of 
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every  muscle  in  the  body  may  take  place  ;  reBpirafcioii  is  ari'csted,  and  the  face 
becomes  dusky.  It  is  wiser  uot  to  force  the  chloroform  whezi  this  condition 
is  present.  If  the  lint  be  removed  from  the  face  for  a  few  seconds  the  spa-sm 
ceases,  and  a  few  good  deep  respirations  ^emo^■e  the  lividity  of  the  face,  when 
the  administration  may  be  recommenced  without  danfjei-.  More  commonly 
the  stage  of  excitement  is  followed  directly  by  that  of  complete  insensibility, 
a  few  deep,  hurried  respirations  separating  the  two.  The  face  now  becomes 
pale  but  not  livid,  the  respiration  is  regular,  slow,  and  shallow,  the  ])ulse  falls 
iu  frequency  and  force,  all  the  voluntary  muscles  become  flaccid,  and  reflex 
movements  can  no  longer  be  induced  by  pinching  the  skin  or  touching  the 
conjunctiva.  The  pupil  is  at  fii'st  contracted,  but  afterwards  becomes  widely 
dilated  and  insensible  to  light ;  and  this  is  a  sign  that  the  administi-ation  has 
been  pushed  to  the  furthest  limits  consistent  -with,  safety,  and  must  be  sus- 
pended till  the  pupil  again  responds  to  light.  Immediately  before  this  stage 
is  reached  the  patient  may  snore  loudly  ;  but  in  deep  antesthesia,  the  respira- 
tion, being  slow,  shallow,  and  chiefly  diaphragmatic,  is  usually  not  suflBciently 
violent  to  produce  any  sound.  Wliat  may  be  called  the  healthy  snoring  of 
deep  anasstliesia  must  be  distinguished  from  the  loud  inspiratoiy  stertor  indi- 
cative of  spasmodic  closure  of  the  glottis.  The  latter  is  a  sign  of  danger  and 
necessitates  the  immediate  removal  of  the  chlorofonn  until  the  spasm  has 
passed  off"  and  has  been  followed  by  three  or  four  healthy  respirations.  "When 
fully  aneesthetised,  the  patient  is  at  the  verge  of  death,  and  requires  the  most 
careful  watching  by  the  person  wdio  administers  the  chloroform  ;  his  fingers 
should  be  kept  constantly  on  the  temporal  artery,  as  the  most  convenient  point 
for  feeling  the  pulse,  and  his  eyes  should  not  be  taken  aAvay  from  the  counte- 
nance of  the  patient.  He  must  watch,  on  the  one  hand,  for  lividity  indicative 
of  impending  asphyxia,  and  on  the  other,  for  pallor  showing  feebleness  of  the 
heart's  action.  The  breathing  must  be  carefully  observed,  and  the  adminis- 
trator must  not  be  content  with  seeing  that  the  movements  of  respiration 
continue,  but  must  feel  with  his  hand  that  air  is  actually  passing  in  and  out, 
as  in  spasmodic  closure  of  the  glottis  the  respiratory  movements  continue 
regularly  for  some  time  after  air  has  ceased  to  enter.  Many  accidents  doubtless 
arise  from  the  patient  being  thus  allowed  to  becojne  partially  asphyxiated,  and 
the  heart's  action  greatly  enfeebled  ;  and  when,  as  usually  happens,  the  spasm 
passes  off'  and  is  follow^ed  by  a  deep  inspiration,  instead  of  pure  air,  which  is 
so  gi-eatly  needed,  a  concentrated  dose  of  chloroform  -s  apour  is  supplied, 
which  suddenly  checks  the  action  of  the  weakened  heart. 

In  very  long  operations,  anaesthesia  may  be  maintained  with^  a  smaller 
amount  of  chloroform  if  a  quarter  of  a  grain  of  morphia  be  injected  sub- 
cutaneously  immediately  before  commencing  the  administration. 

If  the  inhalation  of  chloroform  have  been  8us])ended,  great  care  should  l^e 
taken  when  its  administration  is  recommenced,  lest  the  already  enfeebled  heart 
be  entirely  overpowered  by  the  influence  of  a  volume  of  vapour  suddenly 
given  in  a  concentrated  foriii. 

Death  from  Chloroform  may  occur  in  three  diffei-ent  ways  :  viz.,  by  Coma, 
by  Asphyxia,  or  by  Syncopo ;  through  the  brain,  the  lungs,  or  the  heart. 

When  death  occurs  by  Comn,  the  patient  is  heard  suddenly  to  breathe  ster- 
torously  ;  he  becomes  livid  in  the  face,  and  is  convulsod  ;  the  heart  beats 
until  the  last  moment  of  life,  and  death  appears  to  result  primarily  from  the 
circulation  of  dark  blood  through  the  nervous  centres.    This  form  of  death 
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chieflj  occurs  in  individuals  who  are  epileptics,  or  who  are  suffering  from 
advanced  kidney  disease. 

Death  by  A  sphyxia  may  be  produced  in  four  ways.  1 .  It  has  been  shown 
by  experiments  on  animals  that  chloroform  will  with  certainty  cause  death  by 
paralysing  the  respiratory  centre  if  administered  in  a  sufficient  dose  and  for  a 
sufficient  time,  and  probably  the  same  is  true  of  man.  According  to  the 
committee  of  the  Eoyal  Medical  and  Chirurgical  Society  (1864),  if  the  proportion 
of  chloroform  vapour  to  air  does  not  exceed  4^  per  cent,  respiration  will  always 
be  arrested  before  the  action  of  the  heart  ceases.  2.  It  is  perhaps  possible 
that  through  careless  administration,  especially  with  an  inhaler,  sufficient 
air  may  not  be  admitted  to  maintain  the  respiratory  function.  3.  Sir  Joseph 
Lister  describes  the  production  of  asphyxia  from  spasmodic  closure  of  the 
upper  opening  of  the  larynx,  the  folds  of  mucous  membrane  above  the  apices 
of  the  arytEenoid  cartilages  being  carried  forwards  till  they  are  in  contact 
with  the  base  of  the  epiglottis,  which  remains  erect  and  unchanged  in  position. 
This  theory  was  fomided  on  observations  of  the  larynx  during  the  production 
of  that  peculiar  laryngeal  stertor  which  usually  precedes  the  stoppage  of  the 
respiration.  On  pulling  the  tongue  forcibly  forward,  the  arytasnoid  cartilages 
were  seen  to  be  drawn  backward,  and  the  opening  of  the  lai7nx  made  free 
again  ;  and  this  seemed  to  be  due  to  reflex  action  and  not  to  the  mere 
mechanical  act  of  drawing  the  tongue  forwards.  This  is  quite  possible  during 
ansesthesia,  as  the  reflex  functions  of  deglutition  and  respiration  are  not  affected 
by  chloroform  as  administered  for  a  surgical  operation.  The  closure  of  the 
glottis  may  often  pass  unnoticed  till  the  pulse  stops,  as  the  heaving  of  the 
chest  may  go  on  for  some  time  after  air  has  ceased  to  enter  ;  the  only  signs  of 
the  state  of  the  patient  being  the  gradually  increasing  lividity  of  the  face,  and 
the  fact  that  no  air  is  entering  or  coming  out,  which  can  be  ascertained  by 
feeling  with  the  hand  over  the  mouth.  Lister  is  of  opinion  that  many  of  the 
deaths  from  chloroform,  in  which  the  heart  has  been  said  to  stop  first,  were 
cases  of  this  kind.  He  insists  on  the  necessity  of  pulling  the  tongue  forcibly 
forwards  with  forceps,  and  not  merely  drawing  it  out  in  fi-ont  of  the  teeth,  if 
the  spasm  is  not  immediately  relieved  by  the  simjjler  process  recommended  by 
Clover  of  pulling  the  chin  strongly  upwards.  4.  Asphyxia  may  also  be 
caused  by  the  impaction  of  half -digested  food  in  the  larynx  during  vomiting, 
and  false  teeth  have  also  been  known  to  slip  into  the  larynx  during  the 
administration  of  chloroform,  and  the  same  accident  has  happened  with  the 
gag  used  in  dental  operations. 

In  death  from  Syncope  the  patient  becomes  pale  and  faint ;  the  pulse  beats 
in  a  flickering  manner  and  then  ceases,  though  respiration  may  continue  for 
some  seconds  longer.  This  accident  is  more  likely  to  occur  in  individuals  who 
are  depressed  either  by  mental  emotion  or  by  physical  debility,  and  it  is  not 
unfrequently  connected  with  fatty  heart.  Death  fi-om  syncope  under  chloroform 
may  arise  in  four  ways.  1.  After  very  prohmged  and  severe  operations,  especially 
if  associated  with  loss  of  blood,  the  heart's  action  may  become  gradually  more 
and  more  feeble,  and  fiimlly  cease  altogether.  It  is  impossible  in  such  cases 
to  say  how  much  is  due  to  the  chloroform  and  how  much  to  the  shock  of  the 
operation.  2.  If  the  chlorofonn  Viipour  be  administered  in  too  concentrated 
a  form,  experiments  on  animals  lune  shown  that  it  may  cause  death  by  para- 
lysing the  cardiac  centre.  3.  In  some  rare  cases  death  has  octcnrrod  suddenly 
at  the  veiy  commencement  of  the  administration,  before  a  suflicioiit  (luantity 
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could  have  been  absorbed  to  have  any  direct  influence  on  the  central  nci-vouB 
system.  In  these  cases  death  is  beheved  to  be  due  to  reflex  inhibition  of  the 
heart  through  the  vagus,  the  afferent  impulse  being  developed  by  the  imtating 
action  of  a  very  concentrated  vapour  of  chloroform  on  the  mucous  membrane- 
of  the  larynx,  trachea  and  bronchi  which  is  supplied  l)y  the  sensory  branches 
.of  the  pneumogastric  nerve.  Death  in  these  cases  is  due  to  shock.  This  is 
a  very  rare  accident,  and  is  probably  dependent  on  some  idiosyncrasy  on 
the  part  of  the  patient.  4.  Death  has  been  known  to  occur  from  i-eflex 
inhibition  of  the  heart,  owing  to  an  insufficient  dose  of  the  anaesthetic  having 
been  given  and  the  patient  being  still  conscious  of  the  pain.  In  these  cases 
death  might  have  been  prevented  by  a  more  thorough  administration  of  the 
anesthetic. 

If  there  is  reason  to  fear  syncope  on  account  of  the  feeble  state  of  the 
patient,  a  small  quantity  of  brandy  or  ammonia  may  be  given  before  com- 
mencing the  iidialation.  It  has  been  suggested  that  death  from  reflex  cardiac 
inhibition  might  be  prevented  by  the  subcutaneous  injection  of  a  dose  of 
•about  grain  or  less  of  atropine,  which  is  known  to  abohsh  temporarily  the 
inhibitory  function  of  the  vagus.  The  accident  is,  however,  so  rare  that  few 
Surgeons  would  be  found  willing  to  give  every  patient  a  large  dose  of  atropine 
before  venturing  to  administer  chloroform.  It  is  best  avoided  by  careful 
administration  of  the  auEesthetic.  The  proportion  of  chloroform  vapour  to 
air  should  at  first  be  very  small  and  should  be  gradually  increased.  This 
is  done  by  varying  the  distance  of  the  lint  or  towel  from  the  patienfs 
face.  Should  there  be  coughing  with  the  first  few  inspirations,  showing 
irritation  of  the  mucous  membrane  of  the  larynx  and  trachea,  the  chloro- 
form must  at  once  be  removed  to  some  distance  from  the  face  and  again 
gradually  approximated. 

A  few  rare  cases  have  been  recorded  in  which,  owing  to  an  idiosyncrasy  on 
the  part  of  the  patient,  no  amount  of  chloroform  produced  any  aufesthetic  effect. 

Secondary  Effects  of  Chloroform  may  develop  themselves  in  connection 
with  the  head,  the  lungs,  or  the  stomach.  The  liability  to  inconvenient  secondary 
effects  depends  chiefly  on  two  conditions :  1,  on  the  mode  of  administration  of 
the  chloroform,  especially  on  the  care  taken  that  there  is  an  adequate  supply 
of  air  admitted  at  the  time  when  the  vapour  is  inhaled  ;  and  2,  on  the  state  of 
the  patient  as  to  age,  habit,  temperament,  and  digestion.  Old  people,  habitual 
spirit-drinkera,  and  those  of  a  biUous  or  sanguine  temperament,  are  apt  to 
suffer  most.  The  condition  of  the  digestion  is  of  great  importance.  If 
chloroform  be  given  too  soon  after  a  meal,  injurious  results  are  sure  to  follow. 

Head-ComiJUcaiions  chiefly  follow  the  administration  of  chloroform  in  the 
aged.  In  them  headaches  and  stupor  not  unfrequently  supervene,  and  last 
for  some  days  after  the  anassthesia.  In  youug  and  nervous  women  hysterical 
symptoms  often  appear,  and  continue  for  some  hours  or  even  days ;  but  they 
need  not  excite  uneasiness. 

The  Lungs  probably  always  become  slightly  congested  during  the  adminis- 
tration of  chloroform.  But,  as  recovery  takes  ]>lace,  and  the  resjiiratory 
process  is  naturally  re-established,  the  pulmonary  vessels  unload  themselves, 
and  no  inconvenience  results.  The  process  is  greatly  facilitated,  and  the 
effects  of  chloi-oform  are  readily  got  rid  of,  by  desiring  the  patient  to  breathe 
several  times  fully  and  deei»ly  after  consciousness  returns.  In  some  cases 
the  lujigs  do  not  unload  themselves  of  the  accumulated  blood,  and  of  the  excess 
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of  bronchial  secretion  that  accompanies  the  congestion,  and  a  process  of  slow 
asphyxia  may  set  in,  and  prove  fatal  in  a  period  varying  from  twenty-four 
hours  to  four  or  sis  days.  This  occurs  in  old  patients  suffering  from  chronic 
bronchitis  and  emphysema,  and  is  not  an  uncommon  cause  of  death  after 
operations  for  strangulated  hernia,  as  the  strangulation  is  frequently  caused 
by  violent  straining  in  coughing.  It  is  also  especially  apt  to  happen  in  those 
cases  in  which  it  becomes  necessary  to  bandage  the  chest,  or  in  which  deep 
respiration  is  attended  by  pam,  as  after  amputation  of  the  breast.  Great 
care  must,  therefore,  be  taken  not  to  constrict  the  chest-waUs  too  tightly 
after  such  operations. 

Irritability  of  the  Stomach,  attended  by  continual  nausea  and  vomiting,  is 
sometimes  a  very  distressing  after-effect  of  chloroform,  and  may  be  pro- 
ductive of  most  serious  and  even  fatal  results.  It  is  less  likely  to  occur  if 
the  patient  can  be  left  undisturbed  and  allowed  to  sleep  off  the  effects  of  the 
chloroform.  In  many  instances  it  is  developed  by  the  patient  taking  the 
chloroform  too  soon  after  a  meal,  and  is  then  purely  gastric,  and  usually 
occurs  early  in  the  administration.  In  other  instances  it  appears  to  depend 
upon  cerebral  disturbance  of  some  kind  ;  in  other  instances,  again,  it  is  con- 
nected with  kidney-disease.  But  in  any  case,  and  from  whatever  cause  arising,  it 
is  a  very  serious  symptom,  and,  if  it  continue,  often  turns  the  scale  against  the 
patient  by  the  exhaustion  to  which  it  gives  rise.  It  is  best  treated  by  ice  or 
weak  iced  brandy  and  soda-water.  Strong  iced  black  coffee  with  bromide  of 
potassium  is  occasionally  useful,  and  in  extreme  cases  a  mustard  plaster  or 
even  a  blister  to  the  epigastrium  may  be  tried. 

In  cei'tain  diseased  conditions  of  the  system  the  administration  of  chloroform 
requires  mudi  care  ;  but,  as  a  general  rule,  it  may  be  stated  that  whenever  the 
constitutional  disease  has  not  advanced  to  such  a  degree  as  to  contra-indicate 
an  operation,  chloroform  may  be  given.  In  the  early  stages  of  phthisis  it  may 
usually  be  safely  inhaled  ;  but  in  some  cases  of  bronchial  irritation,  the  vapour 
is  apt  to  produce  troublesome  cough.  When  the  heart  is  diseased,  great  caution 
is  necessary,  more  particularly  when  its  muscular  substance  has  undei-gone 
fatty  degeneration  :  the  sedative  influence  of  the  chloroform  being  apt,  in  these 
circumstances,  to  produce  a  sudden  depression  or  arrest  of  the  heart's  action. 
In  many,  perhaps  the  majority,  of  the  cases  of  death  from  chloroform,  the  fatal 
event  has  been  traced  to  this  cause.  In  valvular  disease  of  the  heart,  I  believe 
that  it  may  be  more  safely  given.  In  persons  who  are  epileptic,  and  in  red- 
faced  apoplectic-looking  men,  it  must  be  cautiously  aduTinistercd,  as  in  the 
early  stages  of  ansesthesia  much  cerebral  excitement  is  apt  to  be  evinced. 
In  hysterical  subjects,  chloroform  is  said  to  induce  a  tendency  to  laryngeal 
spasm.  The  most  dangerous  condition  in  which  to  administer  chloroform  is 
advanced  renal  disease  ;  in  such  cases  epileptiform  convulsions  are  readily 
set  up,  with  lividity  of  the  face,  and  a  tendency  to  coma. 

The  administration  of  Ether  may  be  effected  by  the  application  over 
the  mouth  and  nostrils  of  a  hollow  sponge,  or  a  towel  folded  into  the  form 
of  a  hollow  cone,  saturated  with  the  best  washed  sulphuric  ether  ;  but  it  is 
better  to  employ  some  form  of  inhaler,  as  from  its  extreme  volatility,  unless 
some  means  are  taken  to  economise  it,  the  quantity  required  becomes  a  serious 
inconvenience.  AVhen  given  by  means  of  a  sponge,  Warren  recommends 
anointing  the  face  with  some  protective  unguent  to  prevent  the  pungent  effects 
of  the  ether  on  the  skin. 
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Fig.  1. — Clover's  Ether  Inhaler. 


Amongst  the  numerous  inhalers  which  have  been  iuvented  of  late  year/s, 
Clover's  smaller  apparatus  is  perhaps  the  best  (Fig.  1).  It  consists  of  u 
face-piece  to  cover  the  mouth  and  nose,  to  which  a  circular  metal  vessel  to  con- 
tain the  ether  is  attached  by  a  short 
metal  tube.  On  the  other  side  of  this 
is  a  thin  india-rubber  bag,  also  con 
nected  with  the  ether-chamber  by  a 
short  tube.  1'he  ether-vessel  can  be 
rotated  on  the  face-piece,  and  ac- 
cording to  the  position  in  which  it  is 
placed,  the  course  of  the  air  passing 
through  the  apparatus  varies.  When 
it  is  turned  so  that  the  small  indicator 
points  to  "  no  ether,"  the  expired  an- 
passes  into  the  bag  without  entering 
the  ether-chamber,  and  is  breathed 
again  at  the  next  inspiration.  "When 
at  "  full  other,"  the  air  in  inspira- 
tion from  the  bag  and  expiration  into 
the  bag  must  all  pass  through  the 
ether-chamber,  which  is  warmed  partly  by  the  patient's  breath,  and  partly  by  the 
administrator's  hand  on  the  outside.  By  a  simple  mechanical  arrangement 
these  variations  in  the  direction  of  the  air  are  effected  without  valves,  and  the 
instrument  is  for  this  reason  less  likely  to  get  out  of  order.  It  is  used  in  the  fol- 
lowing manner.  First  the  face-piece  is  fitted  to  the  patient's  face  with  the  ether- 
chamber,  but  without  the  bag,  and  with  the  indicator  pointing  to  "  no  ether." 
The  patient  is  allowed  to  breathe  through  it  a  few  times  to  get  accustomed  to 
it.  Then  the  bag  is  applied,  and  he  commences  to  breathe  the  same  air  over 
and  over  again.  This  soon  produces  a  sUght  stupefying  effect,  and  after  a  few 
respirations  the  ether-vessel  is  rotated  so  as  gradually  to  allow  more  and  more 
ether-vapour  to  be  mixed  with  the  aii-.  After  a  few  more  respirations  the  full 
amount  of  ether  should  be  turned  on.  In  this  ap])aratu8  there  is  purposely  no 
provision  for  the  admission  of  fresh  aii-,  and  if  it  were  held  firmly  to  the  face 
for  a  sufficient  time  death  from  asphyxia  must  ensue.  The  administrator 
judges  by  the  appearance  of  the  face  w^hen  air  is  needed  and  removes  the 
whole  apparatus  for  one  or  more  respirations  as  he  may  think  necessary.  The 
administration  of  ether  by  this  apparatus  gives  rise  to  less  choking  than  when 
the  vapour  is  given  from  a  hollow  sponge. 

The  effects  of  ether  resemble  generally  those  of  chloroform;  the  patient  is 
brought  to  the  same  state  of  total  unconsciousness,  with  complete  muscular 
relaxation  and  abolition  of  all  reflex  movements,  except  those  concerned 
in  maintaining  the  action  of  the  heart  and  respiration.  Ether,  howeverj 
produces  more  excitement  than  chlorofonn,  especially  if  the  vapour  be 
considerably  diluted  with  air.  It  causes  also  at  the  commencement  a  choking 
sensation,  often  very  distressing.  It  always  gives  rise  to  a  copious  secretion  of 
mucus  both  in  the  pharynx  and  bronchial  tubes,  which  may  cause  considerable 
respiratory  eml)arrassment,  the  respiration,  both  abdominal  and  thoracic,  being 
violent  and  laboured.  Ether  exerts  a  stimulating  effec^t  on  the  heart,  the 
pulse  usually  maintaining  its  force  even  when  the  patient  is  deejily  under  the 
influence  of  the  anaesthetic.    The  pupil,  as  in  the  administration  of  chlorofonn, 
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is  variable  until  the  extreme  limits  of  safe  admiuistration  are  reached,  wheu 
it  becomes  widely  dilated  and  fixed ;  at  this  time,  also,  the  face  is  slightly 
dnsky.  The  time  required  for  the  induction  of  the  auEesthetic  state  varies, 
averag-ing,  perhaps,  five  minutes,  if  administered  without  an  inhaler,  but  much 
less  if  Clover's  apparatus  be  used.  The  same  precautions  as  to  loosening  of 
the  dross,  tlie  recumbent  position,  and  alistinence  from  food,  that  have  been 
described  as  necessary  during  the  administration  of  chloroform,  must  be  taken 
when  ether  is  given.  Ether,  like  chloroform,  may  give  rise  to  troublesome 
vomiting  both  during  and  after  its  administration. 

Death  from  the  administration  of  Ether,  although  not  a  common 
occurrence,  has  happened  with  sufficient  fi-equency  for  certain  facts  to  be 
ascertained  with  regard  to  it.  Cautley  Dawson,  in  the  British  McdicalJournal, 
March  2,  1878,  has  published  a  collection  of  eighteen  cases  in  which  death 
took  place  either  during  or  soon  after  the  administration  of  ether.  Of  these  he 
excludes  ume,  on  the  grounds  that  ether  was  not  the  only  anaesthetic  used,  or 
that  it  is  possible  the  death  may  have  been  due  to  other  causes.  Of  the  remain- 
ing nine  cases,  in  seven  the  heart  continued  to  beat  for  some  time  after  the 
respiration  had  ceased,  and  in  two  this  point  was  doubtful.  All  the  patients 
died  from  asphyxia,  as  indicated  by  the  dusky  face,  the  shallow  respiration,  and 
the  long  interval,  varying  from  four  minutes  to  fifteen  or  more,  between  death 
and  the  first  manifestation  of  serious  symptoms.  At  the  post-mortem  examina- 
tion the  lungs  were  found  gorged  with  blood  in  five  of  the  seven  cases  examined  ; 
in  one  more  "  the  pulmonary  artery  was  said  to  be  engorged  "  ;  in  one  only  were 
the  lungs  pale,  and  in  this  case  the  symptoms  did  not  come  on  till  one  hour  and 
a  half  after  the  patient  left  the  operating  theatre.  The  conclusion  to  be  drawn 
from  these  cases  is,  that  ether  kiUs  by  asphyxia  and  not  by  syncope  ;  and  this 
is  in  accordance  w  ith  the  results  of  experiments  on  animals  in  which  ether  was 
found  always  to  kill  by  arresting  the  respiration.  Ether  has  therefore  the 
advantage  that  wlien  it  does  give  rise  to  dangerous  effects,  the  serious  symp- 
toms develop  gTadually,  and  there  is  plenty  of  time  to  adopt  such  measures  as 
may  be  necessary  to  restore  the  patient. 

Administration  of  Ether  by  the  Rectum,  w  hich  was  suggested  and  prac- 
tised by  Pirogofl:'  so  long  ago  as  1847,  has  lately  been  advocated  by  MolHere, 
Wanscher,  and  others,  as  a  means  of  giving  that  auEesthetic  when  it  is  impos- 
sible to  administer  it  by  inhalation.  The  ether  is  placed  in  a  bottle,  connected 
by  means  of  an  india-rubber  tube  with  a  cannula,  which  is  inserted  into  the 
rectum.  Care  must  be  taken  that  no  ether  enters  the  bowel  in  the  liquid 
form,  as  it  would  cause  intolerable  irritation.  The  general  effects  are  the 
same  as  in  administration  by  inhalation,  and  the  dangers  are  also  identical, 
with  one  excepti(jn.  Tliis  method  of  administration  is  said  not  to  cause  the 
profiise  secretion  of  mucus  \v'hich  is  often  so  embarrassing  during  inhalation  of 
ether.  On  the  other  hand,  during  administration  it  may  give  rise  to  cousidei- 
able  distension  of  the  abdomen,  and  it  is  not  uncommonly  followed  by  diatThoeft. 
It  is  a  question  still  to  be  determined  whether  this  method  is  of  any  practical 
value.  It  might  be  serviceable  in  some  cases  of  (^hest  and  lung  surgery,  in 
which  there  is  reason  to  avoid  the  risk  of  a  cardiac;  depressant  sucli  as  chloro- 
form, and  at  the  same  time  gi-eat  danger  may  be  iinticipated  from  the  excessive 
secretion  of  inucus  accompanying  the  inhalation  of  ether.* 

'"^'''"'nt  "'"''nctiil  niliiiiiiistnitii  f  cIIht  will  1k^  ruiiiul  in  Wiiiisclicr'.s  jiaper  in  the  Tniii,siictii)iis 

or  the  Iiitcrujitioiml  Coiigrc.su  of  CojicMilmK   Singical  Hwitioii,  p.  180. 
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Alcohol,  CMoroform,  and  Ether,  or  us  it  has  been  called,  "  the  A.  C.  E. 
mixture,"  oousisting-  of  alcohol  1,  chloroform  2,  and  ether  3  parts,  is  sometimes 
useful  in  irritable  or  feeble  patients.  The  ether  is  intended  to  prevent  the 
depressing  action  of  the  chloroform  upon  the  heart,  the  chloroform  to  diminiiih 
the  irritation  of  the  air  passages  by  the  ether,  and  the  alcohol  to  dilute  the 
ansesthetics.  It  must  be  administered  on  lint  or  on  a  folded  towel,  in  ordei- 
that  the  three  vapours  may  be  given  off  in  the  proper  proportion.  If  the  mix- 
ture were  administered  from  an  ether  apparatus,  in  which  the  anaisthetic  is  put 
in  a  liquid  form  into  a  chamber  in  the  instrument,  the  ether  would  Ije  given  off 
at  first  most  abundantly,  being  by  far  the  most  volatile  of  the  three,  and  the 
proiDortion  of  chloroform  vapour  would  be  gradually  increased  a.s  the  adminis- 
tration continued.  For  the  same  reason,  if  the  mixture  be  not  freshly  prepared, 
the  proportion  of  ether  is  apt  to  be  diminished. 

Comparison,  between  Ether  and  Chloroform. — The  history  of  Anjesthetics 
furnishes  an  additional  illustration  of  the  mutability  of  professional  opinion. 
Ether  was  almost  the  only  auEesthetic  employed  for  the  fii'st  year  after  the  dis- 
covery of  its  use  as  an  auEesthetic.  It  then  rapidly  gave  way  to  chloroform ;  and 
so  completely  was  this  agent  substituted  for  ether  in  this  country  and  generally 
thi'oughout  Europe,  that  a  confusion  arose  in  the  public  mind  as  to  the  real 
discoverer  of  Ansesthesia  ;  and  Sir  James  Simpson,  who  was  one  of  the  first 
to  employ  chloroform  and  to  whose  energy  its  general  adoption  was  mainly 
due,  was  very  commonly  considered  to  be  the  discoverer  of  Anesthetics.  In 
some  hospitals,  however,  and  more  especially  in  those  of  Boston,  the  birthplace 
of  surgical  Ansesthesia,  the  faith  in  ether  has  never  been  shaken,  nor  its  use 
abandoned  for  that  of  any  other  agent.  In  London  a  change  of  opinion  has 
taken  place,  and  for  the  last  few  years  ether  has  been  used  as  the  general 
ausesthetic,  at  least  in  hospital  practice  and  in  the  hands  of  special  anes- 
thetists. In  Scotland  chloroform  still  remains  the  agent  chiefly  in 
use. 

That  ether  and  chloroform  are  equally  effective  in  the  production  of  Anes- 
thesia, is  undoubted.  But  the  advocates  of  the  former  allege  that  it  is  the  safer 
agent  of  the  two  ;  whilst  those  of  the  latter  assert  that,  admittmg  the  greater 
safety  of  ether,  it  is  equally  certain  that  it  is  less  convenient  and  less  generally 
ap]:)li  cable  as  an  Anesthetic. 

This  question,  then,  has  to  be  examined  from  three  points  of  view  :— 1.  As 
to  the  suitability  :  2.  As  to  the  convenience  ;  and  'i.  As  to  the  safety  of  the 
two  Anesthetics. 

\.  As  to  Suitabilitij. —ThtiVQ  can  be  no  doubt  that  hi  the  vast  majority 
of  cases  both  are  equally  suitable.  But  there  are  certain  cases  in  which 
ether,  and  others  in  which  chloroform,  ap])ears  to  ]iossess  superior  adA-antages. 
Ether  is  preferable  in  those  cases  in  wliich  from  severe  shock  the  nervous 
powers  are  greatly  depressed,  and  in  those  in  which  there  is  atony  of  the  heart, 
whether  from  fatty  degeneration  or  from  an  enfeebled  and  dilated  state  of  the 

ventricles.  i  •  i   •  • 

Chloroform  appears  to  be  more  suitable  in  all  tliosc  cases  m  which  it  is 
necessary  to  maintain  the  anesthesia  for  a  gi-eat  length  of  time— for  many 
hours— as  in  the  compression  of  an  artery  in  the  treatment  of  aneurism.  In 
iill  operations  about  the  mouth,  nose,  or  face,  chloroform  is  preferable,  as 
the  inhaler,  hollow  cone,  or  sponge  by  which  ether  is  administered  is  mucli 
in  the  way    If  a  cautery  is  to  be  used  in  the  neighbourhood  of  the  mouth  or 
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air-passages,  ether  should  be  avoided,  as  the  vapour  under  these  cii'cumstauces 
is  liable  to  ignite  with  explosive  violence,  as  I  have  seen  happen. 

In  all  abdominal  surgery  chloroform  is  the  more  suitable  agent,  as  the  violent 
respiratory  movements  that  so  commonly  occur  in  consequence  of  the  accumu- 
lation of  mucus  in  the  air-passages  and  pharynx  during  the  administration  of 
ether,  may  prove  a  most  serious  inconvenience  to  the  Surgeon.  This  accumu- 
lation of  mucus  is,  moreover,  a  grave  danger  in  patients  already  suiferiug  fi-om 
bronchitis  and  emphysema,  in  some  cases  leading  to  sIoav  asphyxia  from  a  few 
liours  to  a  few  days  after  the  operation.  For  this  reason  many  surgeons  make 
it  a  general  rule  not  to  use  ether  in  the  case  of  patients  over  sixty  years  of  age. 
Should  the  breathing  become  emban-assed  from  this  cause,  the  whole  venous 
system  becomes  engorged  with  blood.  In  many  situations,  as  at  the  root  of 
the  neck,  this  would  add  greatly  to  the  difficulty  of  the  operation  and  to  the 
danger  of  the  patient,  and  for  this  reason  in  such  cases  chloroform  should  be 
preferred. 

Perfect  muscular  relaxation  is  more  easily  obtained  by  means  of  chloroform 
than  by  ether,  and  as  this  is  of  the  first  importance  in  the  treatment  of 
strangulated  hernia,  whether  by  taxis  or  operation,  in  abdominal  sections,  and 
in  the  examination  of  tumours,  chloroform  is  more  convenient  in  such  cases.  If 
ether  be  preferred  it  may  be  administered,  and  should  it  fail  to  produce  the 
desired  degree  of  relaxation,  chloroform  may  be  substituted,  but  this  must  be 
done  with  great  caution  if  the  respiration  is  at  all  embarrassed  by  mucus.  It 
is  better  under  such  circumstances  to  let  the  patient  partially  recover  from  the 
ether  and  clear  his  lungs  before  changing  the  auEesthetic.  0^ving  also  to  this 
tendency  to  interfere  with  the  respiration,  ether  should  never  be  given  to  a 
patient  who  is  under  the  influence  of  opium.  In  young  children  chloroform 
is  always  to  be  preferred,  first,  because  no  apparatus  is  required,  it  causes  less 
choking  and  discomfort,  is  much  more  easily  given,  and  frightens  the  patient 
less  ;  and  secondly,  because  experience  has  shown  that  children  take  chloro- 
form with  remarkable  ease  and  safety. 

2.  As  to  Convenience. — In  this  respect,  chloroform  undoubtedly  possesses  a 
vast  superiority  over  ether,  and  indeed  it  Avas  this  that  led  so  rapidly  to  its 
substitution  for  that  agent.  Snow  formerly  compared  the  two  agents  to  a 
lucifer-match  and  a  tinder-box  respectively,  and  also  to  an  express  and  a  slow 
train,  in  which  we  regard  convenience  rather  than  safety. 

Chloroform  is  infinitely  more  convenient  than  ether  in  many  ^A-ays.  If  no 
special  apparatus  be  used  ansesthesia  is  more  r-apidly  induced  by  chloroform, 
and  when  once  induced,  it  is  more  easily  maintained  complete  and  unbroken. 
The  quantity  required  to  produce  ana3sthesia  is  far  smaller.  This  is  a  most 
important  advantage  in  midwifery  and  in  military  and  naval  practice,  where 
the  larger  bulk  of  the  ether  that  is  consumed  in  inducing  auEesthesia  would 
often  render  its  employment  veiy  difficult.  So  also  in  ordinary  country  prac- 
tice, where  Surgeons  have  to  work  single-handed  or  with  imperfect  assistance, 
the  readiness  with  which  aneesthesia  is  induced  V)y  chloroform  is  a  very  impor- 
tant consideration  in  its  favour.  The  penetrating  and  long  persistent  odour 
of  ether,  though  of  minor  import,  is  not  without  its  disadvantage  to  many 
who  are  delicate  or  susceptible. 

Vomiting  after  the  anassthetic  occurs  with  nearly  equal  frequency  after 
ether  and  chloroform.  Excitement  during  the  early  stages  is  not  more 
(;f>nunnn  with  one  aneesthetic  than  the  Other,  if  the  ether  be  administered 
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as  before  descvibod.  During-  recovery  excitement  is  far  more  common  after 
ether. 

3.  As  to  Safety. — No  antesthctic  is  absolutely  safe.  It  is  impossible  to 
annihilate  mental  consciousness  aiid  physical  sensibility  without  some 
danger,  but  with  ordinary  care  and  some  degree  of  experience,  this  i-isk  is 
capable  of  being  reduced  to  very  trifling  proportions.  So  small  is  the  risk, 
that  many  a  Surgeon  goes  through  a  lengthened  hospital  experience  without 
meeting  with  a  fatal  case.  But,  slight  as  is  the  danger  from  the  administra- 
tion of  antBsthetics  by  competent  persons,  there  is  still  undoubtedly  a  certain 
definite  peril  attendant  on  their  use.  That  this  is  somewhat  greater  wlien 
chloroform  is  used  than  when  ether  is  employed  is  generally  acknowledged — 
how  much  greater  is  uncertain.  There  are  no  data  before  the  jjrofession  from 
which  a  comparative  estimate  of  the  relative  danger  of  these  two  agents  can 
be  drawn. 

That  many  fatal  accidents  occurred  fi-om  the  administration  of  chloroform 
during  the  twenty-five  years  in  which  it  was  almost  the  exclusive  anaesthetic 
used  in  this  country,  is  unfortunately  too  true.  In  the  ten  years  1868  to  1877, 
no  less  than  138  cases  of  this  kind  were  recorded  in  the  medical  journals  of  tliis 
country  alone.  How  many  of  these  were  inevitable — due  to  causes  beyond  the 
control  of  the  administrator  and  solely  referable  to  the  toxic  action  of  the 
ansestbetic — is  uncertain. 

That  but  few  fatal  accidents  have  as  yet  followed  the  administration  of  ether 
is  certain.  How  far  this  is  due  to  this  antesthetic  being  actually  safer — i.e., 
less  toxic  than  chloroform — is  uncertain  ;  and  the  comparison  is  at  present 
scarcely  just.  For,  since  the  re-introduction  of  ether  into  practice,  it  has  chiefly 
been  employed  by  professed  and  experienced  anaesthetists  ;  and  much  greater 
skill  in  the  management  of  anassthetics  has  been  acquired  by  the  profession 
generally  than  did  or  could  exist  in  the  earlier  days  of  the  practice. 

In  conclusion,  I  would  say  that,  with  reasonable  care  and  in  fairly  skilled 
hands,  both  chloroform  and  ether  are  agents  that  may  safely  be  administered 
in  the  vast  majority  of  cases  requiring  surgical  operations  :  that  in  most  cases 
they  are  equally  appHcable  :  that  in  some  chloroform,  in  others  ether,  is  the 
preferable  agent :  that  in  midwifeiy,  mihtary,  naval,  and  single-handed  country 
practice,  chloroform,  being  far  less  bulky,  more  portable,  and  more  easy  of 
administration,  is  preferable  to  ether  ;  but  that,  so  far  as  we  can  at  present 
judge,  ether  less  frequently  than  chloroform  pi-oduces  a  direct  toxic  influence 
on  the  heart,  and  is  consequently  so  tar  the  safer  agent  of  the  two. 

Administration  of  Anaesthetics  during  Shock.— Should  any  anaisthetic 
136  o-iven  in  operations  rendered  necessary  by  severe  injuries,  during  the  cmi- 
iinuance  of  the  shorh  of  the  accident,  as  in  primary  amputations?  In  such 
circumstances,  its  use  has  been  objected  to  on  the  ground  that  it  would  act 
injuriously  by  still  further  lowering  the  already  depressed  vital  powers  ;  and 
that  the  pain  of  the  operation,  if  performed  Avithout  it,  woidd  ])rove  a  go«xi 
stimulant,  and  thus  ser\^e  to  rouse  the  jiatient.  But  Avould  this  really  be  so  ? 
Is  the  ])aiu  of  an  operation  a  stimulant  ?  In  order  to  answer  this  question, 
let  us  ol)8erve  the  condition  (jf  a  patient  immediately  after  the  performance  of 
ii  severe  operation— as  an  amputation— without  his  having  been  aiiKsthctised  ; 
•and  we  shall  find  that,  so  far  from  having  been  restored  or  stimulated,  he  will 
have  been  seriously  depressed  l)y  it.  The  pulse  will  be  small,  feeble,  and  slow  ; 
the  surface  cold  ;  and  the  mind,  perhaps,  scarcely  conscious  :  in  fact,  though 
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a  slight  degree  of  pain,  as  a  pinch  or  a  prick,  may  act  as  a  stinaulant,  very 
severe  suffering  is  a  most  powerful  depressing  agent,  capable  in  itself  of 
destroying  hfe.  The  pain  of  an  operation  performed  soon  after  the  occurrence 
of  a  severe  injury,  so  far  from  rousing  the  patient,  appears  to  me  to  act  most 
injuriously,  by  inflicting  a  second  shock  upon  the  system  before,  perhaps,  it 
has  fairly  recovered  from  the  depressing  effects  of  the  first ;  and  it  is  by  pre- 
venting this  that  anaesthetics  are  of  such  inestimable  advantage.  It  is  an 
interesting  physiological  fact,  that  the  physical  effect  of  shock  is  produced 
on  the  system  even  though  the  patient  be  completely  anassthetised.  This  is 
particularly  noticeable  in  cases  of  castration  in  which,  at  the  moment  when 
the  cord  is  cut,  the  pulse  will  be  found  to  fall  several  beats  or  to  stop  momen- 
tarily, even  though  the  patient  be  quite  insensible.  Hence,  it  may  be  argued, 
that,  although  ana3sthesia  saves  the  patient  that  amount  of  shock  which  arises 
fi-om  pain,  it  does  not  reheve  him  entirely  from  the  physical  impression  pro- 
duced on  the  system  by  a  severe  mutilation. 

As  an  anesthetic  to  be  administered  during  shock  ether  undoubtedly  is 
preferable  to  chloroform.  Owing  to  its  stimulating  action  on  the  heart  the 
pulse  will  frequently  improve  during  the  operation,  and  it  can  be  pushed  to 
deep  anassthesia  without  risk.  Chloroform,  on  the  other  hand,  depresses  the 
heart,  and  consequently  if  it  is  given  during  shock  it  is  wiser  not  to  push  it 
too  far,  but  merely  to  benumb  sensation  without  causing  complete  muscular 
relaxation. 

Bichloride  of  Methylene  was  recommended  as  an  anesthetic  by  Richard- 
son, and  a  substance  which  passed  by  this  name  was  extensively  used  in  Guy's 
Hospital  and  at  Moorfields  Ophthalmic  Hospital.  In  1883,  however, 
Regnauld  and  Villejean  published  a  paper,  in  which  it  was  shown  that  the 
liquid  sold  under  this  name  is  nothing  more  than  a  mixture  of  four  parts  of 
chloroform  with  one  part  of  methylic  alcohol.  The  advantages  claimed  for 
this  mixture  over  pure  chloroform  and  ether  were,  greater  rapidity  of  action, 
complete  and  rapid  recovery,  and  the  absence  of  muscular  rigidity  during 
administration,  and  of  unpleasant  after-symptoms.  The  rapidity  of  action 
was,  however,  obtained  by  giving  the  vapour  in  as  concentrated  a  state  as 
l)Ossible,  all  unnecessary  admission  of  air  being  avoided.  It  is  evidently  not  a 
safe  proceeding  to  administer  any  preparation  of  chloroform  in  this  way.  If 
it  be  used  at  all,  it  must  be  given  in  the  same  way,  and  with  the  same  precau- 
tions as  pure  chloroform. 

Nitrous  Oxide  Gas  was  the  first  antesthetic  used,  but  its  employment  was 
soon  discontinued,  ether,  and  subsequently  chloroform,  taking  its  place.  It 
was  re-introduced  in  18G3  as  an  auEesthetic  by  the  American  dentists.  It  is 
an  admirable  anesthetic,  capable  of  producing  complete  insensibility,  rapid  in 
its  action,  safe  in  administration,  and  seldom  giving  rise  to  any  unpleasant 
after-effects.  The  class  of  cases  in  which  the  nitrous  oxide  is  apphcable  as 
an  ana3sthetic  is  restricted,  owing  to  the  short  duration  of  the  aueesthesia 
produced  by  it,  and  the  suddenness  and  completeness  of  the  return  to 
consciousness,  making  the  after-smart  of  the  operation  almost  as  severely 
felt  as  the  sting  of  the  cut  itself  could  have  been.  Nitrous  oxide  is  chiefly  of 
use  in  operations  unattended  by  cutting,  as  in  the  forcible  bending  of  stiffened 
joints,  the  avulsion  of  toe-nails,  extraction  of  teeth,  &c. ;  or  in  those  cutting 
operations  which  are  completed  by  a  single  stroke  of  the  scalpel  or  bistoury, 
as  the  opening  of  an  abscess  or  the  division  of  a  fistula. 
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In  order  to  produce  the  desired  effect,  without  causing  that  violent  excite- 
ment which  gained  it  the  name  of  "  laughing  gas,"  it  must  be  administered 
pure,  without  admixture  of  air.    In  order  to  do  this,  a  proper  apparatus,  with 
a  closely-fitting  face-piece,  to  cover  the  mouth  and  nose,  must  be  used.  The 
gas  is  supplied  for  use  compressed  in  iron  bottles.    The  bottle  is  connected 
with  the  face-piece  by  a  tube,  in  the  middle  of  which  is  an  india-rubber 
bag,  differently  placed  in  different  instruments.     The  principle  of  all  is, 
however,  the  same,  viz.,  that  after  the  face-piece  has  been  firmly  applied, 
the  bag  is  distended  With  gas,  by  turning  the  stop-cock  connected  with  the 
iron  bottle.    The  patient  then  breathes  the  gas  from  the  bag.    In  some 
instruments,  by  an  arrangement  of  valves,  the  expired  gas  passes  into  the' 
air,  fresh  nitrous  oxide  being  supplied  for  inspiration.    In  others  the  patient 
breathes  backwards  and  forwards  into  the  bag,  inhaling  the  same  gas  several 
times.    The  former  method  is  preferable,  although  necessarily  causing  an 
increased  consumption  of  gas.    In  the  latter  method  some  gas  is  necessarily 
lost  by  escaping  from  under  the  face-piece,  and  its  place  is  supplied  by  allow- 
ing a  fresh  stream  to  flow  in  from  the  iron  bottle.    Nitrous  oxide  is  an 
iiTCspirable  gas,  and  as  no  air  is  mixed  with  it,  the  effects  produced  are,  to  a 
great  extent,  those  of  asphyxia.    It  differs,  however,  from  the  asphyxia  pro- 
duced by  obstruction  of  the  air-passages  in  this,  that  the  elimination  of  car- 
bonic acid  gas  continues  to  a  certain  extent,  so  that,  although  the  blood  ceases 
to  receive  oxygen  it  does  not  become  overcharged  with  carbonic  acid,  and  con- 
sequently a  few  breaths  of  fresh  air  remove  all  traces  of  the  temporary  asphyxia. 
The  process  of  anesthesia  by  nitrous  oxide  is  not,  however,  asphyxia  and 
nothing  else  ;  a  certain  proportion  of  the  gas  is  absorbed,  and  exerts  an 
influence  resembhng  that  of  other  anaesthetics  on  the  nervous  centres.  Ex- 
periments on  animals  have  shown  that,  like  ether,  it  always  stops  respiration 
before  arresting  the  action  of  the  heart.    In  the  administration  of  laugliing 
gas  the  following  symptoms  are  observed.    After  a  time,  varying  from  a  few 
seconds  to  half' a  minute,  according  to  the  freedom  with  which  the  patient 
inhales  the  gas,  a  slight  lividity  of  the  face  is  noticed,  and  a  choking  sensation 
may  be  felt.    In  less  than  one  minute,  as  a  rule,  this  lividity  becomes  ex- 
tremely marked,  the  vessels  of  the  face  are  injected,  there  is  often  some 
twitching  of  the  eyes  and  limbs,  and  the  breathing  is  deeper  than  natural.  At 
this  stage  sensation  and  reflex  movements  are  abolished,  and  a  momentary 
operation  may  be  performed.    Sometimes  the  patient  is  conscious  that  some- 
thing has  been  done,  although  he  feels  no  pain,  and  his  ideas  are  confused.  If 
the  operation  be  more  than  momentary,  the  administration  of  the  gas  must  be 
continued  a  few  seconds  longer.    Tlie  face  then  becomes  livid,  the  eyes  pro- 
trude, the  pupils  dilate,  and  the  wliole  appearance  of  the  patient  is  horrible  in 
the  extreme  to  an  inexperienced  bystander.    The  pulse  becomes  unsteady,  and 
the  respiration  slow  and  stertorous.    This  is  the  extreme  point  to  which  the 
administration  can  be  carried,  for,  as  before  stated,  the  gas  is  irrespirable,  and 
if  administered  for  a  suflicicnt  length  of  time,  must  necessarily  l)e  liital. 
Even  when  carried  to  this  extreme  point,  however,  a  few  breatlis  of  fresh  air 
suffice  to  restore  the  patient  perfectly.    Occasionally  there  is  some  excitement 
as  recovery  takes  place,  but  it  soon  passes  off.    Vomiting  is  extremely  rare. 
During  the  period  of  insensibility,  and  the  excitement  following  it,  the  patient 
is  very  apt  to  dream  ;  and  consequently  it  is  extremely  unwise  for  a  medical 
man  to  administer  laughing  gas,  or  in  fact  any  antesthetic,  to  a  female  patient 
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Avithout  the  presence  of  a  tliird  person,  as  charges  of  criminal  assault  have 
been  made  under  these  circumstances,  very  possibly  in  perfect  good  faith  by 
the  patient. 

Death  from  the  administration  of  laughing  gas  has  occurred  only  with 
extreme  rarity.  In  1877  it  proved  fatal  to  a  medical  man,  apparently  from 
over-distension  and  paralysis  of  the  right  side  of  a  fatty  heart,  consequent  on 
the  obstruction  to  the  pulmonary  circulation,  which  always  occurs  from  the 
jDartial  state  of  asphyxia  which  the  gas  induces.  In  another  case,  a  patient 
in  the  last  stage  of  phthisis  failed  to  rally  and  died  less  than  one  hour  after 
the  gas  was  administered.  Several  other  fatal  cases  have  occurred  from  the 
gag  used  by  the  dentist  breaking  or  slipping  and  becoming  impacted  in  the 
larynx.  The  only  conclusions  to  be  drawn  from  these  cases  are,  that  it  is  not 
advisable  to  give  laughing  gas  in  cases  of  extreme  phthisis  or  fatty  heart,  and 
that  it  is  wise  for  the  administrator  to  have  by  his  side  the  instruments 
necessary  for  the  operation  of  laryngotomy  or  tracheotomy  whenever  the 
operation  is  one  involving  the  use  of  a  gag. 

Nitrous  Oxide  and  Ether. — As  has  already  been  stated,  each  of  these 
agents  possesses  certain  disadvantages — the  anaesthesia  produced  by  nitrous 
oxide  not  being  sufficiently  persistent  to  admit  of  the  performance  of  prolonged 
operations,  that  of  ether  being  slow  of  production  and  often  attended  by 
considerable  excitement.  By  the  successive  administration  of  the  two  anses- 
thetics,  these  inconveniences  are  removed,  and  the  advantages  of  both  are 
secured.  The  plan  adopted  by  Clover  consists  in  the  rapid  induction  of 
aneesthesia  by  the  nitrous  oxide,  and  the  maintenance  of  this  insensibility  by 
the  use  of  the  vapour  of  ether.  In  this  way  one  auEesthetic  supplements  the 
other,  and  the  safety  of  the  one  is  combined  with  the  persistence  of  the 
other. 

Ethidene,  Amylene,  Ethyl-bromide,  Chlorethylidine,  and  various  other 
substances  possessing  anassthetic  properties  have  been  tried,  but  have  not 
shown  any  definite  advantages  over  the  agents  in  common  use. 

The  Treatment  of  the  Effects  arising  from  an  Overdose  of 
any  Anaesthetic  is  based  on  two  principles : — 1,  the  establishment  of 
respiration,  either  natural  or  artificial,  so  as  to  empty  the  lungs  of  the 
vapour  contained  in  the  air-cells,  and  to  aid  the  oxygenation  of  the  blood ; 
and  2,  the  stimulation  of  the  heart's  action,  and  the  maintenance  of  the 
circulation. 

The  first  principle  of  treatment — that  of  re-establishing  respiration — is  most 
serviceable  in  the  asphyxial  form  ;  the  other — that  of  stimulating  the  heart — 
wlien  syncopal  symptoms  are  present.  But  in  all  cases  they  may  most  advan- 
tageously be  employed  in  combination. 

The  treatment  to  be  adopted  on  the  occurrence  of  dangerous  symptoms,  or 
of  apparent  death  from  chloroform,  is  as  follows  : — 

1.  The  administration  of  the  vapour  must  be  at  once  discontinued. 

2.  The  tongue  should  be  seized  with  the  fingers,  or  with  a  hook  or  forceps, 
and  drawn  out  of  the  mouth  ;  and  the  larynx  pushed  up  so  that  the  glottis 
may  be  opened.  The  tongue  must  be  pulled  forcibly  forwards,  not  merely 
pulled  out  of  the  mouth,  for  the  reasons  before  stated. 

3.  Fresh  air  should  be  admitted  to  the  patient  by  opening  doors  and 
wnidows,  and  by  preventing  bystanders  or  spectators  from  crowding 
round. 
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4.  All  constrictions  should  be  removed  from  the  patient's  throat  and  chest, 
and  these  parts  should  be  freely  exposed. 

5.  Artificial  respiration  must  at  once  and  without  delay  be  set  up,  whilst 
these  other  measures  are  being  carried  out.  This  should  be  done  by  the 
Sylvester  method,  which  is  fully  described  in  the  chapter  on  Asphyxia. 
Artificial  respiration  should  be  commenced  by  a  forced  expiratory  movement, 
so  as  to  empty  the  lung  as  far  as  possible  of  the  angesthetic  vapour.  Milne  Murray 
has  shown  that  rabbits  can  be  revived  from  a  nearly  fatal  dose  of  chloroform 
with  much  greater  certainty  if,  as  the  first  step,  before  commencing  artificial 
respiration,  the  lungs  are  exhausted  as  far  as  possible  by  aspiration.  To 
attempt  to  adopt  this  plan  in  man  would  cause  serious  loss  of  time  before 
commencing  artificial  respiration. 

6.  Electricity,  in  the  form  of  faradisation  of  the  phrenic  nerve,  has  been  of 
great  use  in  some  cases  as  an  adjunct  to  artificial  respiration.  It  must  be 
applied  methodically  as  described  under  the  treatment  of  asphyxia.  In  using 
electricity  care  must  be  taken  not  to  stimulate  the  vagus,  the  effect  of  which 
might  be  finally  to  inhibit  the  feeble  heart. 

7.  Nitrite  of  amyl,  when  inhaled  in  health,  causes,  according  to  Brunton, 
flushing  of  the  face,  throbbing  of  the  carotids,  and  a  quicker  and  fuller  pulse, 
with  quickened  respiration.  It  causes  diminished  blood  pressure  by  a  general 
dilatation  of  the  arterioles,  and  thus  relieves  the  heart.  It  seems,  therefore, 
from  its  stimulating  influence  on  the  cardiac  and  respiratory  centres  to  be 
indicated  as  an  antidote  in  chloroform  poisoning,  whether  of  the  syncopal  or 
asphyxial  form  ;  the  inspiration  of  the  vapour  of  ten  to  fifteen  drops  of  the 
nitrite  unloading  the  vessels  and  restoring  the  heart's  action.  The  head 
should  be  placed  at  the  same  time  as  low  as  possible. 

8.  As  accessory  means,  friction  of  the  extremities  may  be  employed  :  a 
little  brandy  should  be  rubbed  inside  the  mouth  ;  and  cold  water  dashed  on 
the  face. 

9.  Tracheotomy  or  laryngotomy  can  be  necessary  only  when  the  asphyxiit 
is  due  to  the  im]Daction  of  some  foreign  body,  as  false  teeth  or  a  gag,  in  the 
larynx  during  insensibility,  or  to  accumulation  of  blood  in  the  pharynx  or 
trachea. 

LOCAL  AN.2ESTHESIA. 

Local  anaesthesia  may  be  induced  in  two  ways  :  1,  by  cold,  and  2,  by  the- 
use  of  cocaine. 

Cold. — The  application  of  a  frigorific  mixture  of  ice  and  snow,  as  introduced 
by  J.  Arnott,  may  veiy  conveniently  be  employed  in  many  cases  in  which  the- 
internal  administration  of  anaesthetics  is  either  inadmissible  or  inconvenient. 
.VntEsthesia  can  be  produced  with  certainty,  however,  only  in  those  cases 
in  which  the  incisions  merely  implicate  the  skin  and  subcutaneous  structures, 
as  in  opening  abscesses,  slitting  up  sinuses,  avulsion  of  toe-nails,  or  removing 
small  superficial  tumours.  For  all  such  purposes,  however,  it  is  extremely 
valuable.  The  mode  of  using  the  frigorific  mixture  is  as  follows.  About  a 
tumblerful  of  rongh  ice  is  put  into  a  strong  canvas  bag,  and  finely  powdered 
with  a  mallet.  It  is  then  poured  out  on  a  plate,  and  half  its  bulk  of  salt  is 
(|uicklv  mixed  with  it  by  means  of  an  ivory  or  wooden  paper-knife.  The 
mixture  is  then  put  into  a  muslin  or  gauze  bag,  suspended  from  a  wooden 
ring,  and  applied  to  the  part  for  from  five  to  ten  minutes.    As  soon  as  the  skin 


LOCAL  AN.ESTITESIA— COCAINE. 


37 


becomes  white,  opaque,  and  hard,  anaesthesia  is  produced,  and  the  incisions 
may  be  made  without  any  pain  being  experienced.  The  frozen  part  speedily 
recovers,  no  inconvenience  resulting. 

The  rapid  evaporaiion  of  highly  rectified  ether  has  been  very  ingeniously  and 
successfully  applied  by  Richardson  in  the  production  of  cold  sufficient  to 
freeze  a  part,  and  thus  render  it  temporarily  insensible.  A  fine  spray-jet  of 
ether  of  a  low  specific  gravity  is  thrown  upon  the  part  to  be  antesthetiscd. 
The  skin  rapidly  becomes  white  and  hard— is,  in  fact,  ft-ozen.  This  method 
of  inducing  local  insensibility  to  pain  is  more  exact  and  efficacious  than  that 
by  the  frigorific  mixture,  and  is  generally  preferred.  It  is  applicable  in  the 
same  class  of  cases.  The  ether  should  be  tested  before  it  is  used  by  pourhig 
a  little  into  the  hollow  of  the  hand,  where,  if  it  is  of  the  proper  quality,  it 
will  boil  violently. 

Cocaine  is  an  alkaloid  extracted  from  the  leaves  of  erythroxylon  coca. 
Coca  has  been  known  in  Europe  ever  since  the  discovery  of  Peru,  the  natives 
of  which  country  have  from  time  immemorial  been  in  the  habit  of  chewing 
the  leaves  for  the  purpose  of  allaying  hunger  and  supporting  strength  dming 
prolonged  physical  exertion.  The  alkaloid  was  first  extracted  by  Niemann  in 
1859,  and  both  he  and  Hughes  Bennett,  who  investigated  its  properties  in 
1872,  pointed  out  the  fact  that  it  causes  numbness  when  applied  to  mucous 
jnembranes.  No  practical  use  was  however  made  of  this  discovery  till  1884, 
when  Carl  Koller,  of  Vienna,  demonstrated  that  the  eye  could  be  rendered 
sufficiently  antesthetic  for  the  performance  of  almost  any  operation  by  putting 
a  few  drops  of  a  solution  of  cocaine  on  the  conjunctiva.  The  value  of  this 
method  was  at  once  recognised,  and  at  the  present  time  cocaine  has  to  a  great 
extent  replaced  general  ansesthetics  in  ophthalmic  surgery.  Its  use  was  soon 
extended  to  other  mucous  membranes,  and  subsequently,  by  means  of  hypo- 
dermic injections,  to  the  skin  and  subcutaneous  tissue. 

Cocaine  is  most  commonly  used  in  the  form  of  a  solution  of  the  hydro- 
chlorate  in  distilled  water.  The  solution  should  be  sterilized  by  boiling,  and 
kept  in  a  carefully  stoppered  bottle,  otherwise  fungoid  growths  are  apt  to 
develop  in  it.  Mayo  Eobson  recommends  that  the  Surgeon  should  keep  the 
cocaine  in  1 -grain  powders  which  may  be  dissolved  in  10  minims  or  more 
of  water  when  required  for  use.  The  water  may  be  previously  boiled  if  the 
solution  is  to  be  injected  hypodermically. 

Mode  of  Employment. — For  the  eye ;  two  or  three  drops  of  a  4  per  cent, 
solution  are  dropped  upon  the  conjunctiva.  This  is  repeated  in  from  three  to 
five  minutes,  and  after  about  the  third  application  the  conjunctiva  will  be 
found  to  be  insensible  when  touched  with  the  finger.  The  anaesthesia 
extends  to  the  deeper  structures  of  the  eye,  so  that  the  operation  for  cataract 
or  an  iridectomy  can  be  performed  without  appreciable  pain. 

For  the  mouth  or  throat. — A  10  or  20  per  cent,  solution  is  applied  by  means 
of  a  camel's  hair  pencil  or  by  a  sju'ay  apparatus.  The  an.iesthesia  commences 
in  about  three  minutes,  and  if  the  application  be  repeated  at  intervals  becomes 
complete  in  from  ten  to  twenty  minutes.  It  passes  oft"  in  from  half  to  three 
quarters  of  an  hour. 

For  the  urethra  a  10  per  cent,  solution  is  best.  It  may  be  injected  either 
directly  with  a  syringe  or  by  means  of  a  catheter  to  the  deeper  parts  or  into  the 
bladder.  Its  effects  are  not  very  certain,  as  it  is  difficult  to  apply  it  thoroughly 
to  the  whole  length  of  the  canal,  and  in  the  bladder  it  is  apt  to  be  diluted  by 
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the  urine  or  prevented  from  coming  in  close  contact  with  the  mucous 
membrane  by  a  layer  of  mucus. 

For  the  removal  of  small  tumours  or  oilier  minor  operaiio'/is  on  the  skin  or 
suhcidaneous  tissue  it  must  be  applied  by  hypodermic  injection.  From  4  to  /> 
minims  of  a  4  per  cent,  solution  must  be  injected  at  several  points  in  the  area 
which  it  is  desired  to  render  anesthetic.  Anesbhesia  is  complete  in  from  two 
to  five  minutes.  This  can  be  ascertained  by  gently  pinching  the  part  with  a  pair 
of  forceps.  It  commonly  lasts  fi'om  ten  to  fifteen  minutes.  If  sensation 
returns  during  the  operation  a  few  drops  of  the  solution  may  be  poured  into  the 
Avound,  and  after  a  couple  of  minutes'  delay  the  performance  may  be  continued. 
If  the  operation  is  upon  one  of  the  limbs,  the  duration  of  the  antesthesia  may 
be  greatly  prolonged  by  the  application  of  a  tom-niquet  after  one  or  two 
minutes  have  been  allowed  for  the  diffusion  of  the  solution.  The  same  effect 
may  be  produced,  less  perfectly,  in  other  parts  by  surrounding  the  anaesthetic 
area  with  a  ring  of  wood  or  metal  and  pressing  it  firmly  down  so  as  to  limit  the 
diffusion  of  the  solution. 

Cocaine  jjoisoning . — Several  cases  have  been  recorded  in  which  unpleasant 
and  sometimes  even  alarming  symptoms  have  followed  the  use  of  cocaine. 
The  dose  in  these  cases  has  been  very  variable,  in  some  little  more  than  a 
grain  of  the  hydrochlorate.  The  most  common  of  these  effects  have  been 
temporary  giddiness  and  nausea,  with  a  sense  of  oppression  on  the  chest  and  a 
rapid  pulse  ;  these  soon  pass  off  and  leave  no  evil  effects  behind.  In  more 
extreme  cases,  after  larger  doses,  there  have  been  marked  pallor  of  the  face, 
dilated  pupils  and  syncope  followed  by  great  prostration  on  recovery.  In  one 
case  the  patient  complained  of  being  unable  to  see  for  some  hours,  and  in  two, 
articulation  was  indistinct  for  some  time.  The  instances  in  which  these  un- 
pleasant consequences  have  been  observed  are  not  yet  sufficiently  numerous  to 
make  it  possible  to  state  accurately  under  what  conditions  they  occur  or  what 
is  the  limit  of  safety  in  administering  the  drug.  In  a  case  of  attempted 
suicide,  2.3  grains  were  taken  internally  without  serious  consequences  ;  and, 
on  the  other  hand.  Mayo  Eobson  records  a  case  in  which  a  middle-aged 
gentleman  became  ajDhasic  and  unable  to  write  half-an-hour  after  a  solution 
containing  one  grain  had  been  injected  into  the  nose  before  the  removal  of  a 
polypus. 

PEEFOEMANCE    OF   AN  OPEEATION. 

In  the  performance  of  an  operation  in  private  practice  the  Surgeon  must 
see  for  himself  that  the  preparations  are  properly  made.  The  room  must  be 
Avell  lighted,  of  sufficient  size  and  properly  warmed.  Whenever  it  is  possible 
the  patient  should  be  placed  upon  a  table.  An  ordinary  bed  is  too  low,  and  its 
width  makes  it  difficult  for  both  the  Surgeon  and  his  assistant  to  be  within 
easy  reach  of  the  wound.  The  table  upon  which  the  patient  is  placed  must 
be  of  the  ordinary  height.  The  strong  deal  table  usually  found  in  kitchens 
answers  the  purpose  fairly  well.  It  must  be  very  steady  on  its  legs,  and  if  it 
is  not  more  than  three  feet  wide  it  will  be  more  convenient.  It  must  be 
covered  with  a  blanket  folded  into  lour  layers  ;  another  blanket  must  be 
provided  to  place  over  the  patient's  body,  and  pillows  must  be  comfortably 
arranged  for  the  head.  A  tray  filled  with  saw-dust,  or  an  old  blanket  folded 
very  thickly  may  be  ])laced  on  the  floor  to  catch  the  blood.  The  friends  must 
be  asked  to  provide  in  the  room  a  dozen  towels,  four  washing  basins,  and  two 
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large  cans,  one  of  hot  and  one  of  cold  water,  and  a  slop-pail  or  foot-bath.  A 
gallon  or  more  of  an  antiseptic  solution,  such  as  carbolic  acid  lotion  of  the 
strength  of  1  in  20,  should  be  in  readiness,  which  may  be  diluted  to  1  in  40, 
for  washing  the  sponges.  The  necessary  amount  of  the  antiseptic  solution, 
according  to  the  extent  and  nature  of  the  operation,  must  first  be  prepared, 
and  the  cans  of  common  water  must  then  be  removed  to  one  corner  of 
the  room,  and  orders  given  to  the  nurse  not  to  touch  them  ;  for,  unless  she 
is  thoroughly  experienced,  she  is  almost  certain  to  use  plain  water  instead  of 
the  antiseptic  fluid  during  the  excitement  of  the  operation. 

The  sponges  should  be  brought  by  the  Surgeon  himself,  and  should  be 
properly  prepared.  Improperly  cleansed  sponges  have  always  been  justly  con- 
sidered a  potent  source  of  infection  in  wounds.  New  sponges  are  apt  to  be 
gritty  from  sand,  and  require  very  careful  washing  ;  after  which  they  should 
be  soaked  for  at  least  twenty-four  houi-s  in  a  1  in  20  solution  of  carbolic  acid 
before  being  used.  After  an  operation  the  meshes  of  a  sponge  are  more  or 
less  filled  with  coagulated  blood,  which  mere  washing  in  water  will  hardly 
remove.  In  order  to  clean  it  thoroughly,  it  may  be  soaked  in  a  strong 
solution  of  sulphurous  acid  ;  or,  after  maceration  for  forty-eight  hours  in  a 
dilute  solution  of  hydrochloric  acid  (about  ten  drops  of  the  strong  acid  to  the 
ounce  of  water),  and  for  twenty-four  hours  in  a  strong  solution  of  carbonate  of 
soda,  it  may  be  well  washed  in  common  water,  and  kept  ready  for  use  in  a  bath 
of  1  in  20  carbolic  acid  lotion.  A  simpler  plan  and  one 
which  experience  has  shown  to  be  very  efficient,  is  to 
wash  the  sponges  for  ten  minutes  in  very  hot  water  with 
a  large  amount  of  soft  soap.  The  soap  must  be  well 
washed  out  by  repeated  rinsing  in  fresh  hot  water,  after 
which  the  sponges  may  be  placed  in  the  carbolic  lotion. 

Before  commencing  an  operation,  the  Surgeon  must 
look  over  his  instruments,  comparing  them,  if  the  opera- 
tion be  complicated,  with  a  list  previously  made  out ;  he 
must  see  that  they  are  arranged  in  the  order  in  which 
they  are  wanted.  They  should  be  placed  in  a  fiat  dish 
filled  with  an  antiseptic  solution.  For  this  pm'pose 
nothing  is  better  than  a  1  in  30  solution  of  carbolic  acid. 

In  this  strength  it  is  an  efficient  antiseptic  and  yet  not 

strong  enough  to  irritate  the  Surgeon's  hands.    It  has 

moreover  no  injurious  eft'ect  on  the  instruments.  Much 

of  the  successful  performance  of  an  operation  depends  on 

the  attention  and  steadiness  of  the  assistants.    Of  these 

there  should  be  enough,  but  not  too  many.    In  all 

capital  operations  three  or  four  will  be  required  ;  one 

for  the  administration  of  the  anassthetic,  another  to 

command  the  artery,  a  third  immediately  to  assist  the 

Surgeon,  and  the  fourth  to  hand  sponges,  instruments, 

&c.   The  duties  of  the  assistants  should  be  performed  in  silence,  and  each 

man  must  carefully  attend  to  his  own  busmess,  and  not  neglect  this,  as  is 

too  often  done,  in  his  anxiety  to  crane  over  and  see  what  the  Surgeon  is  about. 

There  should  be  no  unnecessary  talking  when  once  the  patient  is  on  the  table  ; 

the  Sm-gcon's  directions  ought  to  be  conveyed  by  a  brief  word  or  two,  or  by 

a  sign  with  the  hand. 


. — Bistoury  Iield 
IJiiutUculiuiy. 


per- 
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The  incisions  for  the  operation  should  he  carefully  and  properly  planned, 
so  as  to  give  suflicient  space  with  as  little  mutilation  as  possible  ;  hut  it  must 
always  be  borne  in  mind,  that  although  a  needlessly  long  incision  may  lead  to 
unnecessary  disfigurement,  it  does  not  add  materially  to  the  danger  of  the 
patient,  while  too  small  an  incision  hampers  the  Surgeon  and  greatly  increases 
his  difficulties,  especially  in  the  arrest  of  hajmorrhage. 

Incisions  may  be  made  by  cutting  from  without  iuwards,  or  from  within 
outwards,  or  subcutaneously.  The  most  convenient  instrument  for  all  ordinan- 
incisions  is  the  scalpel.  This  should  be  set  on  a  smooth  ebony  handle,  which 
is  less  slippery  than  ivory  when  wetted  with  blood,  and  admits  greater 
delicacy  of  touch  ;  it  should  be  light  in  the  blade,  nearly  straight-backed,  and 
slightly  bellied  in  the  cutting  edge.  The  heel  should  be  as  wide  as  the  widest 
part  of  the  blade,  and  there  should  be  no  constriction  where  it  joins  the  handle. 
When  very  free  and  extensive  incisions  are  required,  as  in  the  removal  of  large 
tumom-s,  a  ListOn's  spring-backed  bistoury,  of  proper  size  and  shape,  is  a 
very  convenient  instrument  (Fig.  2).  For  a  subcutaneous  incision,  a  \evj 
small  narrow-bladed  knife  is  required. 

The  ordinary  scalpel  is  held  in  two  ways  :  first,  like  a  pen  (Fig,  3) :  secondly. 


Fig.  3. — Knife  lield  like  a  pen. 


like  a  dinner-knife  (Fig.  4).  The  former  position  is  that  universally  adopted 
in  dissecting  the  dead  body,  and  the  habit  of  always  holding  the  knife  in  this 
way  is  one  of  the  first  faults  which  a  student  commencing  operative  surgery 
has  to  correct.    In  dissection,  also,  the  student  habitually  turns  his  knife  from 


Fig.  l.  — Seiilpcl  lirlil  like  a  (liiiiier-kuilr. 


the  deep  parts  towards  the  skin,  so  that  any  slip  of  the  knife  may  not  injure 
the  subcutaneous  structures  which  it  is  his  object  to  preserve.  In  raising  flaps 
in  the  living  body,  the  reverse  must  be  the  rule,  as,  if  the  skin  and  subcu- 
taneous tissues  are  scored  by  the  knife,  the  flap  will  certainly  slough.  Every 
teacher  of  operative  surgery  has  experienced  how  difficult  it  is  to  correct  this 
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most  dangerous  habit  in  young  operators.  In  making  an  ordinary  incision 
from  without  inwards,  as  in  the  removal  of  a  tumour,  or  in  cutting  down 
upon  an  artery  in  its  continuity,  the  skin  must  be  put  gently  on  the 
stretch,  and  the  knife  entered  perpendicularly,  so  as  fairly  to  penetrate  the 
subcutaneous  fat  ;  the  handle  may  then  be  lowered,  so  that  the  incision  is  con- 
tinued with  the  belly  of  the  knife.  This  may  be  done  by  drawing  the  knife 
steadily  along,  if  the  edge  is  good  and  the  tissues  are  not  particularly  resisting  ; 
more  often,  however,  a  slight  rapid  sawing  movement  is  required.  In  bringing 
the  knife  out  again,  the  handle  should  be  raised  so  that  there  may  be  no 
"  taihng,"  but  that  the  incision  may  be  as  nearly  as  possible  of  equal  depth 
throughout.  The  bad  habit  of  gradually  losing  length  as  the  incision  is 
deepened,  so  that,  for  example,  a  four-inch  incision  through  the  skin  is  reduced 


Fig.  6.- -Division  of  tho  fascia  on  a  director.    Blunt  liool;s  holding  open  the  -(vouncl. 


to  three  at  the  fascia,  should  be  carefully  avoided.  An  ordinary  wound  is 
gradually  deepened  by  simply  drawing  the  knife  along  it,  with  its  edge  directed 
downwards  and  parallel  to  the  incision,  until  the  deep  fascia  is  reached.  As 
the  wound  is  deepened  it  is,  if  necessary,  held  open  by  an  assistant  with  blunt 
hooks  or  spatula.  The  division  of  the  deep  fascia  often  requires  care,  as 
important  stractures  may  lie  beneath,  which  it  is  necessary  to  avoid.  It  is 
done  therefore  in  one  of  two  ways.  It  may  be  picked  up  with  a  pair  of  dis- 
secting forceps,  and  a  small  hole  carefully  made  in  it,  through  which  a  director 
may  be  inserted,  upon  which  it  may  be  divided,  the  back  of  the  knife  being 
turned  downwards  (Fig.  5) ;  or,  the  small  hole  having  been  made  in  it,  the 
point  of  one  blade  of  the  forceps  may  be  introduced,  and  the  fascia  seized  and 
raised  shghtly  from  the  parts  beneath.  The  side  of  the  knife  then  being  turned 
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dowmvards,  the  portion  of  fascia  raised  in  the  forceps  is  divided  in  the  direction 
of  the  incision  in  the  skin,  only  the  last  lialf-inch  of  the  knife  being  used.  A 
fresh,  hold  is  then  taken  with  the  forceps,  and  another  piece  of  the  fascia 
divided  in  the  same  way  (Fig.  6).  With  a  little  practice  it  is  easy  in  this  way 
to  make  a  clean  linear  incision  through  the  fascia.  It  is  a  much  safer  plan 
than  that  of  usuig  a  director,  as  nothing  is  divided  but  that  which  is  raised 
by  the  forceps,  whereas  in  pushing  a  director  blindly  under  a  fascia  its  point 
may  pass  beneath  something  which  it  is  not  intended  to  cut.  Where  the 
tissues  are  very  lax  beneath  the  fascia,  it  is  often  a  convenient  plan  to  guide  a 
probe-pointed  bistoury  on  the  forefinger  of  the  left  hand,  instead  of  using  a 
director.  The  finger  is  the  best  possible  director  when  it  can  be  used,  as  it 
can  be  guided  more  or  less  by  sensation.  Occasionally  in  deepening  a  wound 
through  very  loose  structures,  amongst  which  important  vessels  may  lie,  as  in 
removing  tumours  from  the  root  of  the  neck  or  the  axilla,  the  Surgeon  may  prefer 


to  make  use  of  a  blunt  instrument,  and  to  tear  the  tissues  instead  of  cutting 
them.  With  this  view  he  may  use  two  pairs  of  forceps,  or  one  pair  of  forceps 
and  a  director,  or  the  handle  of  the  scalpel.  He  must  not,  however,  be 
tempted  to  use  these  forcibly  or  rashly,  as  by  so  doing  much  mischief  may  bo 
produced.  He  must  work  methodically,  picking  up  what  he  intends  to  tear 
with  the  forceps,  and  being  careful  to  tear  only  what  he  has  thus  seized.  In 
some  cases  a  properly  cultivated  finger-nail  or  thumb-nail  wiU  be  found  a 
most  useftd  instrument. 


PREVENTION  OF  HuEMORRHAGE. 
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PBEVENTION    OF   HJEMOBEHAGE    DURING  OPERATIONS. 

In  every  operatiou  involving  the  use  of  the  knife,  loss  of  blood  during  its 
performance  is  the  great  primary  danger  to  be  guarded  against.  This  may  be 
prevented  most  conveniently  in  the  extremities  by  the  use  of  the  tourniquet  or 
the  elastic  band,  or  by  an  assistant  compressing  the  main  artery  of  the  limb. 
If  the  seat  of  the  operation  be  such  as  not  to  admit  of  this,  the  assistant  may 
compress  the  bleeding  vessels  as  they  are  divided  during  the  operation  ;  and 
as  soon  as  it  is  concluded,  he  can  remove  his  fingers  from  them,  one  by  one,  to 
admit  of  their  being  ligatured  or  twisted.  This  plan  has,  however,  the  disad- 
vantage of  occupying  the  assistant's  hands  at  a  time  when  they  may  be 
wanted  to  help  the  Surgeon,  and  it  will  be  found  more  convenient  if  the 
vessels  be  seized  in  a  pair  of  catch-forceps  of  the  pattern  recommended  by 
Pean  and  Sir  T.  Spencer  Wells  (Fig.  G).  These  forceps  have  scissor  handles, 
and  the  grasping  extremity  is  roughened  by  rather  deeply  cut  transverse  teeth. 
They  can  be  applied  instantaneously,  and  their  hold  is  extremely  firm,  and 
from  their  length  and  weight  it  is  easy  for  the  assistant  to  keep  them  out  of 
the  wound  during  the  operation,  while  at  the  same  time  his  fingers  are  free  to 
help  the  operator.  At  the  conclusion  of  the  operation,  it  will  frequently  be 
found  that  their  pressure  has  permanently  arrested  the  bleeding  from  the 
vessels  to  which  they  have  been  applied.  Their  action  in  this  resi)ect  will 
be  more  fully  described  in  the  Chapter  on  the  Arrest  of  Heemorrhage.  As 
a  means  of  temporarily  arresting  bleeding  during  an  operation,  they  have 
proved  of  the  greatest  possible  value,  especially  in  operations  about  the  head 
and  neck,  and  abdomen. 

The  Totirnic[uet  and  its  Application. — The  older  Sui'geons  from  the 
time  of  Archigenes,  a  Eoman  who  lived  in  the  first  century,  bound  a  tight 
narrow  band,  called  the  "  fillet,"  round  a  limb  during  an  amputation.  The 
fillet  was  intended  to  serve  three  purposes — first,  to  steady  the  muscles  dm-ing 
the  incision  ;  secondly,  to  numb  the  limb  ;  and  thirdly,  to  arrest  the  flow  of 
blood ;  but  it  seems  to  have  but  imperfectly  succeeded  in  producing  the  desired 
results.  In  1674,  Morel,  a  French  Surgeon,  improved  the  fillet  by  introducing 
a  piece  of  stick  beneath  the  band,  by  means  of  which  it  could  be  twisted  up  and 
eflBciently  tightened.  To  protect  the  limb  from  being  bruised,  he  introduced 
compresses  beneath  the  band  ;  and  to  ensure  the  more  complete  compression 
of  the  main  artery,  he  placed  a  rolled  bandage  along  its  course.  Beneath  the 
knot,  to  save  the  skin  from  being  pinched,  he  placed  a  piece  of  leather  or  thick 
paper.  To  this  apparatus,  he  gave  the  name  of  "  tourniquet."  The  tourniquet 
in  this  primitive  form  is  still  useful,  in  the  absence  of  any  other  appliance,  for 
the  temporary  arrest  of  hgemorrhage.  A  round  pebl)le  or  any  hard  body  about 
the  size  of  a  hen's  egg,  may  be  rolled  in  the  middle  of  a  pocket-handkerchief 
and  laid  over  the  artery,  the  ends  of  the  handkerchief  being  knotted  round  the 
limb,  and  then  twisted  up  tightly  with  a  piece  of  stick.  In  the  hands  of  .in 
ignorant  person,  however,  the  pebble  would  perhaps  be  better  left  out,  as  if  it 
were  not  applied  in  the  proper  place,  it  might  serve  merely  to  relie^■e  the  main 
arteiy  fi,'om  pressure.  The  piece  of  folded  paper  beneath  the  knot  should 
never  be  omitted,  or  the  agony  caused  by  the  pinching  of  the  skin  would  be 
more  than  the  patient  could  bear. 

The  screw  tourni(|uet  which  replaced  Morel's  imperfect  apparatus,  was 
invented  by  the  French  Soi-geon  Petit  in  1718  ;  and,  although  the  details 
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of  its  mechanism  have  undergone  improvements,  the  instrument  used  in 
the  present  day  is  essentially  the  same  (Fig.  18).  It  may  be  applied  with 
or  without  a  pad  over  the  artery.  If  a  pad  be  used,  it  is  best  made  of  a 
common  roller,  from  two  and  a  half  to  three  inches  wide  ;  of  this  a  few  feet 
must  be  unrolled.  The  roller  is  then  placed  longitudinally  on  the  artery,  and 
the  unrolled  part  carried  twice  round  the  limb  so  as  to  keep  the  pad  in  position, 
but  care  must  be  taken  in  doing  this  not  to  constrict  the  part  sufficiently  to 
cause  venous  engorgement.  The  tourniquet  is  then  applied,  and  the  band 
buckled  with  sufficient  tightness  to  keep  it  in  its  place  ;  but  the  instrument 
should  not  be  screwed  up  until  the  moment  of  the  operation.  It  should  then 
be  tightened  rapidly,  so  as  to  avoid  as  much  as  possible  the  congestion  of  the 
hmb  that  always  occurs  when  a  tourniquet  is  applied.  The  first  effect  of  the 
tightening  of  the  tourniquet  is  to  compress  the  large  veins  ;  the  second,  to 
arrest  the  flow  of  blood  through  the  arteries  :  hence  the  more  slowly  it  is 
screwed  up  the  greater  will  be  the  venous  engorgement  of  the  limb.  The 
blood  that  flows  fi-om  the  limb  during  an  amputation  when  the  tourniquet 
is  applied  as  above  described,  is  almost  entirely  venous,  coming  from  the  lower 
part  of  the  member. 

A  screw  tourniquet  may  be  equally  well  applied  without  a  pad  (Fig.  11)  ; 
but  it  is  then  necessary  to  put  a  piece  of  card,  folded  paper,  or  leather,  beneath 
the  screw  to  save  the  skin  from  being  pinched.  The  pad  has  the  disadvantage 
of  being  liable  to  slip,  and  if  not  very  accurately  applied,  it  tends  rather  to 
protect  che  artery  from  pressure  than  to  compress  it  efficiently.  The  screw 
tom-niquet  is  now  almost  completely  abandoned  in  favour  of  the  sunple  elastic 

band.  It  is,  however,  a  useful  instru- 
ment when  the  Surgeon  is  short  of 
skilled  assistants,  and  especially  in 
wounds  of  large  arteries,  in  which 
an  occasional  relaxation  of  the  tour- 
niquet is  required  to  guide  the  opera- 
tor to  the  injm-ed  vessel. 

Compression  by  Elastic  Tub- 
ing or  Bandage. — The  circulation 
through  a  limb  may  be  completely 
iirrested  by  two  or  three  turns  of  an 
elastic  bandage  applied  with  moderate 
firmness.  The  bandage  may  then  be 
secured  by  a  knot  or  by  a  pin. 
During  the  Franco-German  "War,  the 
tourniquet  served  out  to  the  German  army,  consisted  of  nothing  more 
a  narrow  elastic  bandage  about  one  inch  in  width,  and  throe  feet  long. 
Esmarch,  of  Kiel,  introduced  as  a  substitute  for  the  bandage,  a  piece  of  india- 
rubber  tubing  about  three-quarters  of  an  inch  in  diameter,  and  two  feet  m 
length,  having  a  hook  fixed  to  one  end  and  an  eye  to  the  other.  This  is 
stretched  and  wound  firmly  and  rapidly  round  the  limb  two  or  three  times. 
It  often  happens  that  the  hook  does  not  meet  the  eye  exactly  as  it  is  wanted 
to,  so  that  either  an  extra  turn  of  the  tube  must  be  put  round  the  limb, 
or  the  former  turns  must  be  unduly  relaxed.  This  may  be  obviated  by 
replacing  the  hook  and  eye  by  two  pieces  of  stout  tape,  bound  on  to  the 
ends  of  the  india-rubber  tube.    The  tube  can  then  be  applied  with  exactly 


Fig.  7._E8niarcli's  TouriiiqiiLt  iipiilicd  to  Shoulder. 
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the  amount  of  force  required,  and  secured  by  tying  the  ends  of  the  tape 
together.  It  must  be  remembered  that  in  applying  the  band,  enormous 
pressure  is  easily  obtained  by  a  few  turns  one  over  the  other,  so  much  so, 
that  in  situations  in  which  the  chief  nerves  lie  very  close  to  the  bones,  as 
in  the  arm,  symptoms  of  paralysis,  sometimes  lasting  for  weeks,  are  recorded 
by  Langenbeck  as  having  resulted  from  its  use.  Such  accidents  are  more 
likely  to  occur  if  the  narrow  tube  is  used,  than  if  the  constriction  be  made 
by  a  bandage.  The  latter  should  therefore  be  preferred  where  it  can  be  con- 
veniently applied. 

In  certain  regions  special  plans  have  to  be  adopted  in  the  appUcation  of  the 
elastic  tourniquet. 

In  excisions  or  amputations  of  the  shoulder,  the  india-rubber  tube  must  be 
very  forcibly  stretched  and  applied  round  the  shoulder,  the  lower  part  of  the 
turn  being  high  in  the  axilla,  so  as  to  compress  the  artery  against  the  neck  of 
the  scapula,  and  the  upper  part  as  far  as  possible  internal  to  the  end  of  the 
clavicle,  and  the  acromion  process.  To  prevent  its  slipping,  a  piece  of  bandage 
should  be  put  beneath  it  both  in 
front  and  behind  at  the  time  it  is 
applied,  by  means  of  which  an 
assistant  may  hold  it  in  position 
(Fig.  7). 

In  operating  upon  the  upper 
part  of  the  thigh,  the  india- 
rubber  tube  must  be  of  sufficient 
length  to  go  round  the  limb  and 

the  pelvis.  The  middle  of  the  tube  is  to  be  applied  to  the  front  of  the 
thigh  immediately  below  the  groin  ;  the  two  ends  are  then  to  be  carried 
forcibly  round  and  brought  up  to  the  front  again,  where  they  cross  and  are 
afterwards  passed  round  the  pelvis  immediately  below  the  crest  of  the  ilium. 

In  amputation  at  the  hip- 
joint,  a  long  piece  of  bandage 
must  be  laid  upon  the  middle 
of  the  groin  in  the  line  of  the 
limb,  and  a  similar  piece  be- 
hind, over  which  the  tube  is 


Fig.  8. — Esinarcli's  Tourniquet  aiJiJlied  to  Tliigli. 


Fig.  '.). — Anent  of  Uu-niorrliuge  in  Operations  on 
the  Hip  .loint.  The  dotted  line  i.s  the  incision 
for  llie  oval  amputation  at  the  hip  joint. 


I''ig.  10.  — I'lsninrcir.s  Dand  applied  for 
Operations  on  the  Ponis  or  Scrotum. 


to  be  applied,  so  tliat  by  pulling  on  the  ends  of  the  bandage  any  slipping 
of  the  band  may  be  prevented  during  the  operation.  The  middle  of  the 
tube  is  to  be  placed  in  the  perinjEum,  and  the  ends  pulled  forcibly  outwards. 
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and  crossed  as  higli  above  the  trochanter  as  possible,  and  afterwards  carried 
]-ound  the  pelvis  immediately  below  the  crest  of  the  ilium  (Fig.  9).  If  the 
bandage  is  applied  with  sufficient  force,  it  is  quite  unnecessary  to  put  any  pad 
over  the  artery.  In  the  accompanying  figure  the  patient  is  lying  on  his  side 
■with  the  right  thigh  flexed,  in  the  position  for  an  oval  amputation  at  the 
hip-joint. 

In  operations  upon  the  penis  or  scrotum,  a  piece  of  bandage  should  be 
laid  along  the  spine  behind  and  brought  forward  to  the  scrotum  in  front. 
The  middle  of  the  tube  is  then  placed  in  the  perinteum,  and  the  lower  end  of 
the  bandage  turned  up  over  it.  The  ends  of  the  tube  are  then  brought  for- 
wards forcibly,  and  crossed  on  the  pubes,  and  afterwards  carried  round  the 
pelvis,  passing  on  each  side  mid-way  between  the  trochanter  and  the  crest 
of  the  ilium.  The  two  parts  of  the  bandage  are  then  tied  together,  thus 
attaching  the  loop  of  the  tube  that  surrounds  the  scrotum  to  the  part  which 

])asses  behind  ;  any  slipping  of  the  tube  during  the 
operation  is  thus  rendered  impossible  (Fig.  10). 

Bloodless  Methods. — Various  devices  have 
been  employed  to  diminish  the  loss  of  blood  dm'ing 
operations  on  the  extremities,  and  at  the  same  time 
to  get  rid  of  the  blood  which  otherwise  fills  the 
wound,  and  more  or  less  conceals  the  steps  of  the 
operation,  even  when  a  tourniquet  has  been  apphed. 
The  oldest  of  these  is  bandaging  the  limb  firmly 
up  to  the  level  at  which  the  tourniquet  is  applied, 
before  tightening  the  screw.  This  was  found  to  be 
not  very  efficient,  especially  when  a  pad  was  used 
over  the  main  artery  beneath  the  band  of  the 
tourniquet.  Lister  has  shown  that  the  limb  may 
lie  rendered  bloodless  by  simply  elevating  it  as  high 
as  possible  for  about  one  minute,  and  then  rapidly 
applying  an  elastic  band  or  a  screw  tourniquet 
without  a  pad.  To  hasten  the  emptying  of  the 
blood-vessels  the  limb  may  be  rubbed  firmly  in  the 
direction  of  the  circulation  (Fig.  11).  By  experiment 
he  has  further  shown  that  this  is  brought  about 
not  only  by  the  emptying  of  the  veins,  but  by  con- 
traction of  the  arteries  which  occurs  when  the  hmb 
is  placed  in  the  elevated  position.  Esmarch  of 
Kiel  has  obtained  the  same  result  by  applying  an 
elastic  bandage  spirally , from  the  distal  extremity 
of  the  limb  upwards  to  the  point  at  which  the 
tourniquet  or  elastic  band  is  applied  (Fig.  12). 
On  removing  the  clastic  bandage  fi-om  below  the 
Fig.  ii.-Listcr-s  Method.      toumiquct,  the  limb  will  be  found  to  be  absolutely 

bloodless,  even  the  bones  very  frequently  yieldnig 
no  blood  on  being  cut.  With  the  exception  of  the  elasticity  of  the  skin  and 
the  retraction  of  the  muscles,  the  operation  exactly  resembles  one  on  a  dead 
body.  In  this  state,  all  vessels  of  any  size  can  be  seen  and  tied  before  the 
tourniquet  is  removed.  On  removing  the  tourniquet,  when  the  blood  returns 
to  the  wounded  part,  very  free  oozing  will  set  in,  which  often  takes  some  tmie 
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to  arrest  by  means  of  cold  and  exposure  to  the  air.  Thus  it  may  happen  that 
the  patient  loses  as  much  blood  as  if  Esmarch's  method  had  not  been 
employed. 

Esmarch,  however,  subsequently  adopted  a  plan  by  which  he  asserts  that 
most  operations  on  the  extremities  can  be  rendered  actually  bloodless.  He  first 
secures  every  vessel  visible  on  the  surface  of  the  wound,  and  then,  having  put 
in  the  drainage  tubes  and  introduced  the  sutures,  he  applies  a  dressing  com- 
posed of  antiseptic  gauze  smTounded  by  cotton  wool  impregnated  with  salicylic 
acid,  which  is  moderately  firmly  bandaged  to  the  part.  The  limb  is  then 
placed  in  an  elevated  position,  and  finally  the  elastic  tom'niquet  is  removed. 
The  elevated  position  is  maintained  for  at  least  half  an  horn-  or  an  hour.  In 
12  cases  of  amputation  and  56  excisions  in  which  this  plan  was  tried,  it  suc- 
ceeded perfectly.  In  148  operations  for  necrosis,  it  was  necessary  to  remove 
the  dressing  on  account  of  hiemorrhage  in  six  cases  only. 

Various  objections  besides  the  subsequent  oozing  have  been  raised  to 
Esmarch's  bloodless  method.  It  has  been  stated  that  it  causes  sloughing 
of  the  flaps  and  increases  the  tendency  to  secondary  haemorrhage  after  large 
amjputations,  by  unnaturally  augmenting  the  proportion  of  blood  in  the  body, 


and  so  giving  rise  to  increased  arterial  tension.  Neither  of  these  statements 
is  supported  by  experience.  A  more  rational  objection  against  it  is,  that  when 
the  limb  is  infiltrated  with  [the  products  of  inflammation,  or  when  perhaps 
clots  exist  in  the  veins,  these  may  be  di-iven  on  into  the  chculation  by  the 
application  of  the  elastic  bandage.  Although  no  case  of  such  an  accident  has 
been  recorded,  it  would  be  safer  when  such  conditions  exist  to  empty  the  limb 
of  blood  by  the  simpler  plan  of  elevation  as  before  described.  The  same  plan 
is  also  better  employed  in  cases  of  cancer  or  sarcoma,  in  which  the  danger  of 
dislodging  particles  and  driving  them  into  the  circulation  would  be  very  con- 
siderable. 

The  advantages  of  the  bloodless  method  of  operating,  especially  in  diseases 
of  bones  and  joints,  far  outweigh  any  supposed  disadvantages. 

It  is  difficult  to  say  how  long  complete  arrest  of  the  circulation  through  a 
limb  may  be  maintanied  by  the  elastic  band  or  the  tourniquet  without  danger 
of  gangrene.  It  must  necessarily  vary  according  to  age.  Esmarch's  method 
has  been  used  for  about  three  hours  without  any  evil  result. 

Compression  of  the  Main  Arterial  Trunk  is  in  the  present  day  em- 
ployed only  as  a  temporary  expedient  before  a  tourniquet  can  be  applied  or 
immediately  after  its  removal,  while  a  few  vessels  before  invisible  are  boino- 
secured,  or  in  those  situations  in  which  the  application  of  a  tourniquet  is 
impossible.    It  is  far  safer  to  trust  to  an  instrument,  than  to  the  hands  of  an 
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assistant,  however  steady  and  strong.  When  the  tourniquet  is  applied  with  a 
sufficient  degree  of  tightness,  the  whole  circulation  through  the  lirah  is  com- 
pletely an-ested.  This  can  never  be  done  by  the  compression  of  the  main 
trunk  alone,  the  collateral  vessels  conveying  blood  into  the  limb  independently 
of  it.  Then  again,  if  the  operation  be  unexpectedly  protracted  from  any 
cause,  the  fingers  of  an  assistant  may  tire  or  stiffen  ;  and,  the  steadiness  of 
their  pressure  becoming  relaxed,  hEemorrhage  may  ensue.  For  these  reasons, 
Surgeons  invariably  employ  the  tourniquet  in  amputations  ;  and  even  Listen, 
who  at  one  period  of  his  career  discarded  this  instrument,  commonly  employed 
it  during  the  latter  years  of  his  life. 

The  points  chosen  for  the  compression  of  arteries  are  those  at  which  the 
vessel  is  comparatively  superficial,  and  is  placed  over  some  bone  against  which 
it  can  be  pressed.  The  following  are  the  chief  arteries  which  the  Surgeon  may 
be  called  upon  to  compress. 

The  Common  Carotid  can  be  felt  pulsating  in  front  of  the  sterno- 
mastoid,  and  is  best  compressed  by  pressing  the  thumb  directly  backwards 
towards  the  vertebrse  opposite  the  cricoid  cartilage  (Fig.  13).  To  steady  the 
hand,  the  fingers  should  grasp  the  back  of  the  neck.  It  must  not  be  forgotten 
that  if  the  pressure  be  applied  below  the  transverse  process  of  the  sixth 
cervical  vertebra,  the  vertebral  artery  will  be  compressed  at  the  same  time  as 
the  carotid. 

The  facial  artery  is  easily  compressed  against  the  jaw,  where  it  lies  quite 
superficially  immediately  in  front  of  the  anterior  border  of  the  masseter.  The 
fingers  may  be  placed  on  the  opposite  side  of  the  jaw  to  steady  the  hand,  and 


Fig.  13.— Compression  of  tlie  Carotid. 


Fig  14.— Conipressioii  of  both  the  Facial,  right 
Teniporal,  ami  right.  Subclavian  Arteries. 


if  necessary,  the  fore-finger  may  compress  the  opposite  artery.  _  In  operations 
upon  the  nose  and  lips  the  assistant  may  stand  behind  the  patient  and  com- 
press both  vessels  while  he  holds  the  head  as  in  the  figure  (Fig.  14).  _ 

The  temporal  artery  is  compressed  where  it  can  be  felt  pulsating  im- 
mediately in  front  of  the  ear  (Fig.  14).  _      .    .1        -.3       ,  p 

The  subclavian  artery  may  require  compression  in  the  third  part  ot  its 
course  in  operations  in  the  axilla,  or  on  the  shoulder  joint  or  in  amputations 
hi-h  up  in  the  arm.  If  digital  compression  be  attempted  the  fingers  should  be 
placed  behind  the  lower  part  of  the  neck,  with  the  palm  of  the  hand  on  he 
•idge  formed  by  the  trapezius.    The  thumb  is  then  forcibly  pressed  upon  the 
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ai-teiy,  where  it  lies  on  the  first  rib,  immediately  external  to  the  outer  border 
of  the  sterno-mastoid  and  opposite  the  most  prominent  part  of  the  clavicle 
(Fig.  14).  As  considerable  force  is  required  efficiently  to  compress  this  artery, 
the  fiugers  of  the  opposite  hand  may  be  pressed  upon  the  thumb  which  is  upon 
the  vessel.  The  patient's  head  should,  if  possible,  beinchned  towards  the  side 
on  which  the  artery  is  being  compressed,  so  as  to  relax  the  cervical  fascia.  As 
the  force  required  is  often  so  great  that  the  assistant  is  apt  to  become  fatigued 
and  relax  his  pressure,  it  is  often  better  to  compress  the  artery  with  some 
mechanical  contrivance.  That  most  commonly  employed  is  a  large  door-key. 
The  ring  of  the  key  is  wrapped 
roimd  with  a  strip  of  lint,  so  as  to 
pad  it  sufficiently  to  prevent  it  from 
injuring  the  patient  ;  the  other  end 
is  also  well  padded  to  protect  the 
Surgeon's  hand.  The  padded  ring 
is  then  pressed  forcibly  down  upon 
the  artery  in  the  situation  before 
described  (Fig.  15). 

In  cases  in  which  the  clavicle  is 
pushed  up  by  an  aneurismal  tumour, 
Syme  recommended  that  an  incision 
should  be  made  above  the  clavicle 
through  the  skin  and  deep  fascia,  so 
that  the  fingers  of  the  assistant 
might  be  brought  to  bear  almost 
directly  upon  the  vessel,  which  would 
thus  be  securely  and  efiFectually 
compressed. 

The  bracliial  artery  is  best  com- 
pressed by  grasping  the  limb  opposite  the  middle  of  the  arm  in  such  a  way 
that  the  tips  of  the  fingers  are  placed  immediately  internal  to  the  edge  of  the 
biceps,  and  thus  press  the  artery  against  the  bone  while  the  thumb  rests 
against  the  humerus  on  the  opposite  side  (Fig.  15). 

The  radial  and  ulnar  arteries  frequently  require  compression  while  the 
Surgeon  is  searching  for  a  wounded  vessel  in  the 
palm  of  the  hand  ;  and  the  assistant  must,-  under 
these  circumstances,  steady  the  hand  as  well  as 
compress  the  vessels.  He  will  best  eflect  these 
objects  by  grasping  the  lower  part  of  the  ibre- 
iirm  firmly  with  both  hands,  his  fingers  being  at 
the  dorsal  aspect,  and  his  thumbs  pressed  upon 
the  arteries  immediately  above  the  wrist  :  on 
the  radial,  at  the  point  at  which  it  is  com- 
monly felt  as  the  pulse,  and  on  tlie  ulnar,  at  the  outer  border  of  the  tendon 
of  the  flexor  carpi  ulnaris  (Fig.  IG). 

Compression  of  the  abdominal  aorta  is  required  in  some  cases  of 
;i,mputiition  at  the  hip-joint  or  high  np  in  the  thigh,  and  in  opciratiuns  (or 
aneurism  of  the  iliac  arteries,  or  the  branches  of  the  internal  iliac  in  the 
buttock.  The  jioint  at  which  it  is  most  conveniently  comprt'sscd  is  imme- 
diately above  its  bifurcation.    The  bifurcation  of  the  aorta  takes  place  on  the 
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Compressioii  of  Subcluviaii  with  key,  and 
Digital  Compression  of  the  Brachial. 


]''ig.  li).  — Coiripressioii  ul  the  Badia 
mid  L'liKir  Arteries. 
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body  of  the  fourth  himbar  vertebra,  a  little  to  the  left  of  tlie  middle  line  ; 
superficially  this  correspouds  to  a  point  a  little  to  the  left  side  of  the  um- 
bilicus, and  on  a  level  with  the  highest  part  of  the  iliac  crest.  In  compressing' 
the  aorta,  therefore,  the  pressure  should  be  applied  a  little  above  and  to  the 
left  of  the  umbilicus.  In  children,  and  very  thin  subjects,  the  aorta  can 
readily  be  compressed  with  the  hand  in  this  situation,  ljut  the  force 
required  is  so  great  that  it  is  impossible  for  it  to  be  maintained  for  any  length 
of  time.  In  the  absence  of  any  other  instrument,  Esmarch  recommends  tlie 
following  plan  : — A  common  roller  bandage  about  two  and  a  half  inches  wide 
and  eight  yards  long  is  to  be  rolled  round  a  stick  about  the  thickness  of  the 
thumb  and  nine  inches  long.  The  pad  thus  formed  is  held  in  the  proper 
position  by  the  ends  of  the  stick,  while  several  turns  of  elastic  bandage  arc 
]')assed  round  the  body  so  as  to  press  it  forcibly  against  the  spine.    After  it  is 

applied  an  assistant  mast  continue  to 
hold  the  pad  in  position  by  means  of 
the  stick.  An  objection  common  to 
this  and  to  all  other  elastic  appliances 
for  compression  of  the  aorta  is,  that 
should  the  patient  vomit,  the  forcible 
contraction  of  the  abdominal  muscles 
will  almost  certainly  lift  the  pad  from 
the  aorta  and  relax  the  compression.  It 
is  better,  therefore,  whenever  possible, 
to  use  the  instrument  known  as  Pan- 
coast's  or  Lister's  Aortic  Tourniquet 
(Fig.  17).  This  consists  merely  of  a 
large  horse-shoe  clamp,  one  end  of  which 
is  expanded  and  padded  so  as  to  fit  the 
spine,  and  the  other  re(!eives  a  screw  which  presses  down  a  pad  of  sufiicient 
size  to  compress  the  aorta  with  certainty.  Lister  states,  that  from  examina- 
tion of  a  considerable  number  of  bodies,  he  has  found  that  the  aorta  is  as 
often  in  the  middle  line  as  to  the  left  of  the  spine,  and  consequently  it  is 
better  always  to  feel  for  the  pulsation  before  applying  the  pad,  taking  the 
highest  point  of  the  crest  of  the  ilium  as  the  level  of  the  bifurcation,  and 
ignoring  the  umbilicus  altogether.  If  the  pad  be  placed  exactly  on  the  vessel, 
a  comparatively  slight  degree  of  pressure  is  required  to  arrest  the  flow  of  blood, 
but  should  it  be  misplaced  the  Surgeon  may  be  tempted  to  use  an  amount  of 
force  which  anight  prove  injurious  to  the  soft  parts  and  intestines^  beneath 
the  pad.  In  oi-der  still  further  to  avoid  injury  to  these  parts,  it  is  as  well 
to  place  a  soft  hollow  si)ongc  beneath  the  pad.  The  instrument,  when 
properly  appHed,  interferes  but  slightly,  if  at  all,  with  the  flow  of  blood 
through  the  vena  ca\  a. 

Compression  of  the  common  iUac  may  easily  be  carried  out  by  the 
application  of  the  aortic  tourniquet  over  the  lijie  of  the  artery,  that  is  to  say 
in  the  upper  third  of  a  line  drawn  fi-om  a  little  to  the  left  of  the  umbdicus  at 
the  level  of  the  highest  point  of  the  crest  of  the  ihum  to  a  point  midway  between 
the  symphysis  pubis  and  the  anterior  superior  iliac  spine.  Richard  Davy,  of 
the  Westminster  Hospital,  has  invented  a  plan  of  compressing  this  artery  by 
means  of  a  straight  lever  of  wood  introduced  into  the  rectmu,  which  usually 
answers  very  well.    I'he  lever  should  be  about  two  feet  in  length,  smooth  and 


Kig.  17. — Listei''s  Aorta  Coiiiin-essoi-  tipplied. 
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round,  aud  shaped  something  like  a  poker.  About  two  ounces  of  olive  oil 
having  been  injected  into  the  rectum,  the  end  of  the  lever  is  introduced  to 
such  a  distance  that  its  point  comes  to  lie  over  the  artery  in  the  groove 
between  the  last  lumbar  vertebra  and  the  psoas  muscle.  By  raising  the 
handle  of  the  lever  and  bringing  it  against  the  opposite  thigh,  the  artery  is 
most  efficiently  compressed,  the  tissues  of  the  periuEBum  acting  as  thefulcrmn. 

Compression  of  the  external  iliac  can  be  carried  out  with  certainty  only 
immediately  above  the  groin,  as  above  that  point  it  is  easily  pushed  over  the 
brim  of  the  pelvis  into  such  a  position  as  to  escape  pressm'e.  If  it  be  desired 
to  compress  it,  this  may  readily  be  done  either  with  the  fingers  or  by  placing  a 
roller  bandage  across  the  line  of  the  artery,  and  securing  it  first  by  a  few  turns 
of  a  common  bandage,  passing  in  a  figure  of  eight  round  the  upper  part  of  the 


Fig.  18.—  t'lvssure  with  Tliuinl)S.    Application  of  Touniitiuct  to  Femoral  Artery. 


thigh  and  the  pelvis  below  the  crest  of  the  ilium,  over  which  must  be  put  a 
few  turns  of  an  india-rubber  bandage. 

Compression  of  the  femoral  artery  immediately  below  the  brim  of  the 
pelvis  (Fig.  18)  is  commonly  resorted  to  for  the  temporary  arrest  of  haemor- 
rhage from  any  part  of  the  lower  limb.  It  is  thus  performed.  Tlie  Sm-geon 
stands  l)y  that  side  of  the  patient  on  which  the  vessel  is  to  be  compressed, 
with  his  back  towards  the  patient's  head  and  his  body  inclined  over  the 
pelvis.  FTe  then  grasps  the  limb  firmly  with  both  hands,  the  fingers  of  one 
hand  ol)bainiug  a  hold  on  the  mass  of  the  adductor  muscles,  and  those  of  the 
other  on  the  posterior  border  of  the  trochanter  major.  His  two  thumbs  are 
placed  one  over  the  other  upon  the  artery  at  a  point  immediately  below 
Poiipart's  ligament,  and  exactly  midway  between  the  symphysis  pubis  and  the 
anterior  superior  iliac  spine.  Instrumental  compression  in  this  situation  is 
employed  only  in  the  treatment  of  anem-ism,  aud  will  be  described  with  that 
disease. 

The  popliteal  artery  is  too  deeply  situated  to  be  compressed  with  advan- 
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Fig.  19.— Compression  of  Tibials,  and  mode  of  holding 
the  foot  in  operations  requiring  an  incision  in  the  sole. 


tage.  In  bleeding  from  a  point  below  the  knee  and  above  the  ankle,  it  is 
better  to  apply  the  pressure  to  the  femoral  artery  at  the  groin. 

Tlie  anterior  and  posterior 
J  tibial  arteries  at  the  ankle  may 

conveniently  be  compressed  during 
an  operation  on  the  foot  (Fig.  19j. 
The  assistant  may,  at  the  same 
time,  steady  the  foot,  and  hold 
it  in  a  convenient  position  for 
the  Surgeon.  The  lunb  being 
bent  at  a  right  angle,  the  assistant 
puts  the  patient's  knee  in  his 
axilla  ;  he  then  grasps  the  limb 
firmly  with  one  hand  above  the; 
ankle,  and  with  the  finger  and 
thumb  compresses  the  vessels.  The  posterior  tibial  is  to  be  compressed  with 
the  tips  of  the  fingers  one  finger's  breadth  behind  the  internal  malleolus,  and 
the  anterior  tibial  with  the  thumb  in  front  of  the  ankle  at  a  point  exactly 
midway  between  the  two  malleoli,  that  is  to  say,  a  little  to  the  outer  side  of 
the  middle  line, 

CONSTITUTIONAL   EFFECTS    OF  OPEEATION3. 

Every  operation  of  any  importance  is  followed  by  a  certain  degree  of  shoch 
as  indicated  by  a  low  temperature  and  a  smaU  and  frequent  pulse.  As  the 
shock  passes  off  the  temperature  usually  rises  slightly  above  the  normal  pomt, 
the  pulse  becomes  fuller  and  there  is  some  thirst.  This  trammiy;  fever,  if 
moderate  and  confined  within  certain  limits,  can  scarcely  be  looked  upon  as  a 
morbid  condition  ;  and  unless  it  is  kept  up  by  some  unhealthy  state  of  the 
wound,  by  the  presence  of  decomposing  matter,  or  by  peut-up  discharges  it 
completely  subsides  by  the  third  day.  If  the  thermometer  remain  below 
1 00°  F.  no  anxiety  need  be  felt  on  this  score. 

The  Local  Treatment  of  Operation-Wounds  differs  in  no  respect  from 
that  of  accidental  wounds,  and  will  be  treated  of  in  the  Chapter  on  the  treat- 
ment of  such  injuries.  .  -I  1 

The  Constitutional  After-Treatment  of  operations  demands  as  much 
attention  on  the  p  .rt  of  the  Surgeon  as  the  management  of  the  wound  itself. 
Immediately  after  the  operation,  and  before  the  effects  of  the  anaesthetic  have 
nassed  off,  the  patient  should  be  comfortably  ammged  in  bed,  with  the  clothes 
supported  bv  a  cradle,  or  other  contrivance,  away  from  the  part  implicated  : 
an  opiate  m"ay  then  be  administered  if  required,  or  a  little  wine  and  water  if 
there  be  faintness,  and  the  ])atient  kept  as  quiet  as  possible. 

With  re-ard  to  the  Diet  after  the  operation,  this  must  depend  entirely 
on  the  patfent's  constitutional  powers,  his  previous  habits  his  age  and  upon 
the  severity  of  the  operation.  As  a  general  i-ule,  it  may  be  stated  that  it  i 
unwise  to  hurry  the  re-action  after  an  operation  by  he  administration  of 
.stimulants.  A  slow  reaction  is  not  a  disadvantage  to  the  pa  lent  us  it  gives 
more  time  for  the  perfect  closure  of  the  smaller  vessels,  and  thus  dimini.shes 
the  chance  of  intermediate  h^moiThage.  A  severe  operation  is,  however,  a 
shock  to  the  system,  and  the  constitutional  powers  require  to  be  niaintained 
after  its  Frformanc  .    This  is  more  particularly  the  case,  if  the  mutilation  be 


CONSTITUTIONAL  EFFECTS   OF  OPERATIONS. 


53 


severe,  or  the  subsequent  suppuration  abundant.  If  the  patient's  strength  be 
good,  not  having  been  broken  by  previous  disease  or  suffering,  and  if  the 
operation  be  a  slight  one,  as  the  amputation  of  a  finger  or  the  removal  of  a 
small  tumour,  he  may  have  half  his  usual  diet  allowed  for  a  few  days,  but 
with  little,  if  any,  stimulant.  If  the  operation  have  been  more  severe,  but  not 
oapital,  no  solids  should  be  allowed,  but  broths  and  nourishing  liquids  alone 
given  for  the  first  few  days.  If  the  operation  have  been  a  capital  one,  the 
patient's  health  and  strength  being  otherwise  good,  he  may  be  restricted  to 
farinaceous  slops  and  beef-tea  until  the  febrile  disturbance  which  always 
foUows  severe  operations  has  passed  off,  after  which  some  light  pudding  may 
be  added  ;  and  the  diet  may,  as  the  case  progresses,  be  gradually  improved  by 
the  successive  addition  of  fish  and  the  lighter  kinds  of  meat,  with  a  moderate 
quantity  of  stimulants,  as  required,  until  it  reach  the  normal  standard.  It  not 
unfrequently  happens,  however,  that  a  totally  different  course  must  be  pursued. 
It  is  not  my  intention  to  enter  upon  the  great  question  of  the  use  and  abuse  of 
alcohol  as  an  article  of  diet.  But  as  a  medicinal  agent  in  severe  surgical  cases 
there  can  be  no  doubt  of  the  great  utility  of  alcohol  in  some  shape.  If  the 
patient  have  been  much  reduced  by  long-continued  suppuration,  or  other 
depressing  causes  before  the  operation  ;  if  he  be  old  and  weakly  in  constitution, 
or  have  been  in  the  habit  of  taking  a  very  considerable  quantity  of  stimulants, 
it  will  be  absolutely  necessary  to  adopt  a  tonic  and  stimulating  mode  of  treat- 
ment. Indeed,  without  it,  many  would  have  sunk,  whom  I  have  seen  saved 
by  the  free  administration  of  large  quantities  of  brandy,  wine,  porter,  eggs, 
and  beef-tea  from  the  very  time  of  the  operation— that  stimulant  being  given 
to  which  the  patient  is  accustomed  in  a  state  of  health.  Should  the  patient  be 
attacked  by  any  of  those  diffuse  forms  of  inflammation  of  septic  origin, 
formerly  so  common  in  hospital  practice,  I  know  of  no  better  remedy  than  the 
brandy  and  egg  mixture,  freely  administered.  In  all  this,  however,  the 
Surgeon  must  be  guided  by  the  patient's  pulse,  his  previous  habits,  and 
the  strength  of  his  constitution  ;  and  nothing  requires  greater  judgment  than 
the  administration  of  stimulants,  according  to  these  particulars.  The 
temperature  is  also  a  most  important  guide  to  the  diet  of  a  patient.  If  it  be 
high,  animal  food  must  be  avoided,  but  stimulants  need  not  necessarily  be 
abandoned  ;  in  fact  they  may  be  required  in  increased  quantity,  especially  if 
with  the  fever  there  is  rapidity  and  weakness  of  the  pulse.  The  great 
importance  of  attending  scrupulously  to  the  general  cleanliness  of  the  patient, 
and  to  the  ventilation  of  the  ward  or.  room  in  which  he  is  lying,  as  the  best 
means  of  preventing  the  occurrence  of  unhealthy  and  spreading  forms  of 
inflammation,  need  scarcely  be  insisted  on,  as  these  hygienic  precautions  are 
universally  recognised  as  being  of  the  first  importance  under  such  circum- 
stances. 

The  remote  effect  of  the  major  operations  is  a  subject  that  requires 
investigation.  Do  people  who  have  undergone  any  of  the  greater  operations, 
and  who  have  recovered  from  the  immediate  effects,  as  a  rule,  live  as  long  as 
those  who  have  not  sustained  a  mutilation  ?  I  am  disposed  to  think  that 
they  do  not.  When  we  reflect  on  the  number  of  persons  who,  before  the  age 
of  thirty,  suffer  amputation  of  one  of  the  limbs  for  injury,  it  is  remarkable 
how  seldom  one  sees  an  old  person  in  a  hospital  or  elsewhere,  who  has  lost  a 
limb  in  early  fife.  I  am,  of  course,  speaking  only  of  amputations  for  injury  ; 
for  those  who  have  undergone  this  operation  for  strumous  affections  oi- 
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malignant  tumours,  frequently  die  early  from  recurren<;e  of  the  disease  in 
other  parts  of  the  body.  So  also  with  respect  to  litliotomy.  Very  many 
boys  are  cut  for  stone  every  year  and  recover  ;  but  I  scai'cely  recollect  to  have 
met  with  a  middle-aged  adult  who  had  been  operated  on  in  (tliildhood. 

The  various  Special  Operations  will  be  considered  when  treating  of  the 
several  Injuries  and  Diseases  for  which  they  are  required  ;  but,  as  Amputations 
do  not  readily  fall  under  any  special  head,  being  required  for  a  great  variety 
of  different  conditions,  it  will  be  more  convenient  to  consider  them  here. 


AMPUTATIOFS. 
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CHAPTER  II. 


AMPUTATIONS  AND  DISAETICULATIONS. 

The  term  AmputationmBwas,  tlie  separation  or  removal  of  a  part  of  the  body. 
It  is  most  commonly  applied  to  the  removal  of  a  limb,  but  sometimes  also  to 
that  of  other  parts,  as  the  breast  or  penis. 

The  frequency  of  amputation  of  the  limbs  has  much  lessoned  of  late  years  ; 
other  and  less  severe  modes  of  treatment  being  now  successfully  followed  in 
many  cases  of  diseased  joint,  of  aneurism,  and  of  compound  fracture.  Still 
iimputations  are  among  the  most  frequent  operations  in  surgeiy,  and  will  con- 
tinue to  be  so  as  long  as  the  human  body  is  hable  to  severe  mutilations, 
to  gangi-ene  of  the  limbs,  and  to  malignant  and  other  incurable  diseases  of  the 
bones  and  joints.  It  has  been  somewhat  the  fashion  to  decry  amputation  ;  and 
to  speak  of  this  operation  as  an  opprobrium  to  curative  surgery.  But,  though 
no  Surgeon  can  deprecate  unnecessary  amputations  more  strongly  than  I  do, 
I  cannot  admit  that  the  removal  of  a  limb  is  an  operation  of  less  merit  than 
any  other  proceeding  adopted  when  all  other  means  have  failed  iu  curing  the 
•diseased  part,  or  in  saving  the  patient's  life  from  danger.  Surely,  it  is  rather 
A  subject  of  just  pride  than  the  reverse,  that  the  Surgeon  is  able  to  save  the 
whole  of  the  body  by  sacrificing  by  a  simple  operation  a  limb  that  han  been 
utterly  disorganised  or  spoilt  by  disease  or  injury.  In  the  performance  of 
amputation,  also,  much  dexterity  may  frequently  be  displayed  ;  and  there 
is  commonly  great  scope  for  surgical  skill  m  the  constitutional  treatment  of 
the  patient  both  Ijefore  and  after  the  operation. 

Amputations  may  be  required  for  Injury  or  for  Disease.  If  performed  for 
injmy  within  the  first  few  hours  after  the  accident  before  traumatic  or  septic 
fever  has  set  in,  the  amputation  is  termed  Primary ;  if  during  the  high  febrile 
<<li8turbance  which  accompanies  septic  inflammation  and  suppuration  for  the 
first  eight  or  ten  days,  it  is  termed  Iniermediate ;  if  after  the  subsidence  of 
the  fever.  Secondary.  Most  commonly  the  term  Intermediate  is  not  used,  and 
sill  amputations  for  injury  not  performed  after  the  first  twenty-four  hours  are 
•classed  as  Secondary. 

The  amputation  of  a  limb  is  generally  performed  through  the  continuity  of 
■51  bone  ;  when  done  at  a  joint,  it  is  called  a  Disarticulation. 

History. — Amputation  for  diseases  of  joints  and  bones,  or  for  the  imme- 
diate ellect  of  injury,  is  an  o])eration  of  comparatively  I'ecent  date  :  for  the 
•older  Surgeons,  with  few  exceptions,  undertook  the  removal  of  a  limb  for 
•gangrene  only.  So  much  was  this  the  case,  that  in  the  works  of  many  of  the 
•older  writers  the  only  menti(jn  of  amputation  is  in  the  treatment  of  gangrene. 
In  the  works  of  Hippocrates  (about  400  B.o.)  iu  the  book  on  Articulations, 
the  following  is  the  treatment  recommended  in  gangrene  : — Those  jjarts  of 
the  body  which  are  below  the  boundaries  of  the  blackening  are  to  be  removed 
.•at  the  joint,  as  soon  as  they  are  fairly  dead  and  have  lost  their  sensibility  ; 
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care  being  takeu  not  to  wound  any  living  part,"    Such  a  performance  can 
scarcely  be  called  an  amputation.    Celsus,  who  lived  at  the  commencement  of 
the  Christian  era,  encouraged  a  bolder  line  of  practice.    The  operation  of 
amputation  as  described  by  him  was  thus  performed.    A  deep  incision  was 
made  to  the  bone  between  the  living  and  the  dead  tissues,  encroaching  rathei* 
oil  the  living  than  leaving  any  of  the  dead.    When  the  lione  was  reached,  the 
sound  flesh  Avas  drawn  back  from  it,  and  the  saw  applied  as  high  as  possible. 
The  edges  of  the  skin  were  then  brought  down,  and  it  was  recommended  that 
the  covering  should  be  lax,  that  it  might  as  nearly  as  possible  cover  the  bone. 
As,  however,  Celsus  advises  that  the  part  which  the  skin  did  not  reach 
should  be  dressed  with  lint  and  a  sponge  squeezed  out  of  vinegar,  it  is 
probable  that  in  many  cases  at  least  the  covering  was  not  sufficient  to  make  a 
perfect  stump.    Celsus  was  acquainted  with  the  use  of  the  ligature,  and  it  is 
possible,  therefore,  that  the  vessels  were  secured  by  that  means,  but  no  distinct 
mention  of  it  is  made  in  his  description  of  the  operation.    Whatever  means 
lie  employed  for  arrestiiig  hasmorrhage  seem  not  to  have  been  very  efl&cient, 
tor  he  tells  us  that  the  operation  was  attended  by  very  great  danger,  the 
patients  often  dying  during  its  performance,  either  from  haemorrhage  or 
fainting.    "  But,"  he  says,  "  in  this,  it  is  not  to  be  considered,  whether  the 
remedy  is  very  safe,  for  it  is  the  only  one  we  have."    Towards  the  end  of  the 
first  century  Archigenes  (a.d.  48 — 117),  a  Greek  practisiag  in  Eome,  whose 
Avritings  are  quoted  ))y  Oribasius,  extended  the  field  of  the  operation,  recom- 
mending it  in  cases  of  severe  wounds,  cancer  and  incurable  ulcers.  He 
attempted  to  arrest  bleeding  during  the  operation  by  the  use  of  the  "  fillet," 
a  band  bound  tightly  round  the  limb.    He  also  recommends  tying  the  large 
vessels  before  dividing  them,  but  the  exact  method  in  which  he  did  it  is  not 
clear.    Heliodorus,  who  flourished  about  the  same  time,  performed  the  opera- 
tion in  two  stages,  dividing  first  those  parts  that  contain  no  large  vessels, 
then  sawing  the  bone,  and  finally  cutting  through  the  remaining  tissues,  with 
the  large  vessels  to  whicli  he  applied  the  actual  cautery,    (lalen  (a.h.  131 — 
201),  who  also  practised  in  Eome,  describes  the  operation  only  as  porfoiTued 
for  gangrene.    He  relapsed  somewhat  towards '  the  practice  of  Hippocrates, 
for  although  cutting  in  the  hne  of  demarcation  between  the  dead  and  the  living 
tissues,  he  recommended  the  operator  to  encroach  rather  on  the  former  than 
the  latter  and  afterwards  to  apply  a  cautery  to  such  dead  tissue  as  was  left 
behind.     From  this  time  to  the  thirteenth  century  no  important  change 
took  place  in  the  method  of  operating,  Galen's  practice  being  generally 
adopted.    During  the  Avhole  of  tliis  period  amputation  seems  to  have  been 
practised  chiefly,  if  not  solely,  for  gangrene,  and  although  the  use  of  the 
ligature  was  frequently  recommended  for  accidental  Avounds  of  arteries,  the 
cautery  was  exclusively  used  in  amputations.     In  the  thirteenth  ccaitury 
Theodoricus  (1205— 12!)8)  repeated  the  instructions  given  by  Celsus,  but 
the  operation  seems  not  to  have  found  much  favour,  for  in  the  folloAving 
century  Guy  of  Chauliac,  although  he  described  the  operation  by  the  knife, 
expressed  his  preference  for  a  method  of  his  OAvn  invention,  which  consisted 
in  strangulating  the  limb  by  plasters  applied  tightly  above  a  joint  and 
allowing  it  to  drop  off*.    His  reason  for  this  was  that  if  the  limb  were  am- 
putated in  the  ordinary  way  the  patient  might  bear  mahce  against  hi.s 
Surgeon,  believing  that  it  might  have  been  saved.     It  was  not  till  1520 
that  the  method  of  Celsns  was  definitively  revived  as  the  rule  of  practice  by 
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Hans  von  Gersdorff,  but  as  the  cautery,  or  some  more  or  less  impotent 
styptic  was  still  the  means  employed  to  stop  the  bleeding,  but  little  real 
progress  was  made.  Towards  the  latter  part  of  the  sixteenth  century,  about 
1552,  Ambroise  Par6,  the  most  celebrated  Surgeon  of  his  time,  extended  the 
use  of  the  ligature  to  vessels  wounded  in  amputations,  arguing  that,  if  the 
ligature  was  useful  in  accidental  wounds  and  in  varices,  it  was  equally 
appHcable  to  vessels  divided  in  amputations.  Amputation,  as  performed 
by  Par6,  was  essentially  the  same  operation  as  that  described  by  Celsus, 
and  although  the  arrest  of  bleeding  was  efficiently  carried  out  by  the  hgature, 
the  loss  of  blood  dm-ing  the  operation  was  often  considerable  ;  for,  though 
the  "  fillet  "  was  bound  tightly  round  the  Hmb  with  the  intention  of  diminish- 
ing the  hEemorrhage,  it  seems  never  to  have  been  applied  with  sufhcient  force* 
completely  to  arrest  the  circulation.  The  instruments  used  for  seizing  the 
vessels  were  somewhat  clumsy,  and  consequently  tlie  patient  often  lost  so  much 
blood  before  the  hgatures  were  applied,  that  the  majority  of  Burgeons  continued 
to  prefer  the  cautery  or  some  styptic  for  another  century.  It  was  not  until 
the  beginning  of  the  eighteenth  century  that  the  ligature  really  became  the 
only  recognised  mode  of  arrcstiug  arterial  bleeding.  This  result  was  brought 
about  partly  by  the  discovery  of  the  circulation  of  the  blood  by  Harvey  in 
1628,  but  chiefly  by  the  invention  of  a  really  efficient  tourniqueC  by  Morel  in 
1674.  Surgeons  now  were  able  to  perform  amputations  without  the  fear  of 
seeing  their  patient  die  of  hemorrhage  during  the  operation,  and  from  that 
time  real  improvement  commenced. 

In  1679,  Lowdham,  an  English  Surgeon,  first  suggested  the  plan  of  cutting 
a  flap  which  could  be  made  to  cover  the  divided  end  of  the  bone,  so  as  t(^ 
obtain  early  union  without  necrosis  and  separation  of  the  end  of  the  bone. 
Thus  there  came  to  be  two  distinct  modes  of  amputating  a  liml),  the  circular 
and  the  flap  method,  each  of  which  underwent  gradual  development  and 
improvement. 

Amputation  by  the  Circular  Method. — The  first  improvement  of  the 
circular  method  of  amputating,  made  after  the  invention  of  the  tourniquet, 
was  the  introduction  of  what  was  known  as  the  operation  "  Vij  the  double 
incisiony  This  mode  of  operating  was  introduced  into  practice  almost  simul- 
taneously by  Cheselden  (1688—1751)  of  London,  and  J.  L.  Petit  (1674— 
1750)  of  Paris.  In  this  mode  of  operating,  the  skin  and  fat  were  divided  by 
a  circular  incision  ;  the  assistant  then,  grasping  the  limb,  pulled  the  integu- 
ments forcibly  upwards,  and  the  muscles  were  cut  through  to  the  bone  b}- 
another  circular  sweep  of  the  knife,  and  the  saw  applied  as  high  up  as 
possible.  This  method  did  not  aim  at  completely  covering  in  the  bone, 
but  it  provided  sucli  an  amount  of  covering  that  it  was  possible  I'or  the 
stump  to  heal  completely  by  gi-anulation,  usually  after  separation  of  the 
protruding  end  of  the  bone.  The  results  were  not  so  bad  as  miglit  have 
been  expected.  The  first  Mom-o,  who  wrote  in  173(;,  tells  us  that  out 
of  ninety-nine  major  amputations  performed  by  himself  and  his  colleagues 
in,  the  Edinburgh  Infirmary,  only  eight  died,  and  none  of  these  from 
the  immediate  effects  of  the  operation.  Monro  secured  the  vessels  by 
ligature,  and  dressed  the  raw  surface  of  the  stump  with  dry  lint,  which  re- 
mained on  till  it  was  loosened  by  suppuration.  A  modification  of  the  opera- 
tion by  the  double  incision  was  introduced  by  the  French  Surgeon,  Louis,  in 
1768.    He  noticed  that  in  making  the  circular  incision  through  the  muscles, 
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the  retraction  of  the  superficial  layers  was  greater  than  that  of  those  near  the 
bone.  In  order  therefore  to  obtain  a  higlier  and  more  level  division  of  the 
muscles,  he  divided  the  superficial  layers  witli  the  skin  and  fat,  and  having 
^kawn  them  forcibly  upwards,  cut  tlie  remaining  muscle  with  a  second  sweeji 
of  the  knife.  A  linen  retractor  was  applied  between  the  first  and  second  inci- 
sions, and  in  order  to  aUow  the  muscles  to  retract  to  the  fullest  possible  extent, 
Louis  was  inclined  to  abandon  the  tourniquet  and  to  trust  to  digital  compres- 
sion of  the  main  arterial  trunk.  So  far  Surgeons  had  advanced  little  beyond 
the  operation  of  Celsus,  in  fact,  it  is  doulifcful  whether  in  amputation  by  the 
double  incision,  as  performed  at  this  time,  the  bone  was  better  covered  than 
in  that  by  the  Eoman  Surgeons,  who  raised  the  soft  parts  very  freely  Ijefore 
sawing.  The  first  attempt  to  diminish  the  size  of  the  raw  surface  left  after 
amputation  was  made  by  Samuel  Sharp  about  1750.  He  passed  two  broad 
ribbon-like  ligatures,  each  composed  of  eight  well  waxed  threads,  through  the 
edges  of  the  wound  about  three-quarters  of  an  inch  fi-om  the  margin  of  the 


Fig.  20. — Aiiiiiiitfttioii  of  Ann  by  the  Circular  lletliud.    Coiuiiieiiceiiient  of  flrst  incision. 


fikin,  and  drawiug  them  tolerably  tightly,  tied  them  in  a  bow-knot.  It  was 
soon  found,  however,  that  the  tension  thus  caused  pi-oduced  such  an  amount 
of  pain  and  fever  that  the  plan  was  abandoned  almost  as  soon  as  it  was 
recommended. 

Between  1770  and  1780  the  great  fact  became  recognised  that  the  only  way 
to  obtain  speedy  healing  of  a  stump  is  to  provide  sufficient  covering  to  enable 
the  edges  of  the  skin  to  be  brought  together  over  the  end  of  the  bone,  so  as 
to  meet  easily  without  tension.  This  led  to  the  invention  of  the  mode  of 
operating  known  as  amputatmi  hij  the  iriple  incision,  which  was  introduced 
into  practice  almost  simultaneously  by  Benjamin  Bell,  of  Edinburgh,  William 
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Hey,  of  Leeds,  and  ALanson,  of  Liverpool.  The  two  former  performed  the 
operation  exactly  as  it  is  done  in  the  present  day  by  those  who  jDractise  that 
method  (Figs.  20  and  21).  The  skin  and  fat  were  first  divided  by  a  single 
sweep  of  the  knife  and  dissected  up  for  a  distance  equal  to  half  the  diameter 
of  the  limb  ;  the  muscles  were  then  divided  by  another  circular  sweep  of  the 
knife  and  retracted  for  a  distance  varying  from  one  to  two  inches,  according 
to  the  thickness  of  the  limb  ;  and  the  bone  was  sawn  as  high  up  as  possible. 


i''ig.  -Jl. — Amimtation  of  the  Ann  Viy  tlic  Circular  Method.    Sawing  the  Bone. 


In  the  thigh  and  leg  it  was  recommended  l)y  Hey  to  cut  the  posterior  muscles 
longer  than  the  anterior,  to  allow  for  their  greater  retraction.  The  edges  of 
the  skin  were  brought  together  in  the  transverse  diameter  of  the  limb,  and  a 
stump  was  foraied  with  abundant  covering  for  the  bones,  but  necessarily  with 
some  puckering  and  projection  at  each  angle. 

The  three  incisions  which  gained  for  this  operation  the  name  of  "  the  triple 
incision  "  Avere  first  the  incision  through  the  skin  and  fat,  secondly,  the  incision 
through  the  muscles,  and  finally,  the  (nrcular  sweep  round  the  bone  to  separate 
the  muscles  for  retraction.  The  method  adopted  by  Alanson  produced  mucli 
the  same  result,  the  only  difl'erence  being  that  he  attempted  to  divide  tlie 
muscles  in  such  a  way  as  to  leave  a  hollow  cone  with  the  bone  at  its  apex,  by 
turning  the  edge  of  the  knife  obliquely  upwards.  This  proceeding  was  found 
by  other  Surgeons  to  be  inconvenient,  although  in  Alanson's  hands  it  produced 
excellent  results. 

Amputation  by  the  Flap-Method  was  invented  in  this  country  by 
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Lowdbam,  and  was  first  described  in  a  work  by  J,  Yonge,  with  the  extra- 
ordinary title  of  "  Currus  Triumphah's  e  Terebintho,"  pubh'shed  in  \GV.i. 
The  operation  was  at  first  performed  only  in  the  leg,  and  tlie  flap  which  wa^ 
made  from  the  calf  was  cut  by  dissection,  and  was  composed  chiefly  of  the 
integuments  and  subcutaneous  tissues.  In  1696  Verduin  of  Amsterdam 
independently  invented  a  similar  operation,  but  his  method  differed  from  that 
of  Lowdham  in  the  flap  being  cut  by  transfixion,  instead  of  being  raised  by 
dissection.  Both  Lowdliam  and  Verduin  hoped  to  be  able  to  an-est  haamor- 
rhage  by  pressing  the  flap  against  the  ends  of  the  bones  and  securing  it  by 
bandages.  The  result  was,  that  although  in  a  few  cases,  especially  in  the  hands 
of  Yonge,  Avho  understood  the  necessity  of  drainage,  union  by  first  intention 
seems  to  have  taken  place,  in  the  great  majority  the  dischai-ges  were  pent  u]> 
and  set  up  violent  inflammation.  In  consequence  of  the  unsatisfactory  nature 
of  the  results  obtained,  the  method  was  completely  abandoned  till  1739,  when 
it  was  re-introduced  by  a  French  Surgeon  of  the  name  of  Ravaton,  who  modified 
the  operation  by  making  two  rectangular  flaps,  one  from  each  side  of  the  limb, 
and  securing  the  vessels  by  means  of  the  ligature.  A  similar  operation  was 
performed  by  Vermale,  of  Mnnnheim,  in  1767,  in  the  lower  part  of  the  thigh. 
That  the  flap  method  still  did  not  yield  very  favourable  results,  on  account  of 
the  tendency  to  accumulation  of  discharges  between  the  flaps  in  the  absence 
of  any  jDroper  system  of  di-ainage,  is  evident  from  the  fact  that  in  1765. 
O'Halloran,  "  surgeon  and  man-midwife  "  at  Limerick,  who  amputated  by  a 
single  long  flap,  recommended  that  the  flap  and  stump  should  be  dressed  as 
separate  sores,  and  that  they  should  not  be  brought  together  till  the  surfaces 
were  covered  by  granulations.  This  plan  did  not,  however,  find  much  favour, 
and  at  the  end  of  the  last  century  Surgeons  preferred  the  circular  amputation 
in  most  cases,  the  flap  operation  being  limited  almost  entirely  to  the  upper 
part  of  the  leg,  the  lower  part  of  the  thigh,  and  the  distal  parts  of  the  foot. 
Alanson  and  Hey,  whose  names  have  already  been  mentioned  in  connection 
with  the  circular  method  of  amputation,  practised  and  improved  the  flap 
operation  in  those  situations.  During  the  first  fifty  years  of  this  century, 
however,  the  flap  operation  in  this  country  came  greatly  into  favour,  and  was 
during  the  latter  part  of  that  time  supported  by  the  able  advocacy  of  Liston. 
who  invariably  amputated  by  that  method,  and  who  certainly  did  it  with 
wonderful  rapidity  and  precision. 

Amputation  by  the  double  flap,  as  it  is  still  practised,  is  thus  porformeii 
(Fig.  22).  The  two  flaps  may  be  made  either  by  dissection,  cutting  from 
vvithout  inwards  ;  or  by  transfixion,  cutting  fi-om  within  outwards.  Trans- 
fixion is  adapted  only  to  fleshy  parts,  as/the  thigh  or  arm  ;  but  cutting  from 
wi_thout  inwards  will  be  found  to  afford  the  best  result,  and  is  indeed  the  only 
mode  of  forming  the  flap,  in  some  situations  in  which  the  bones  arc  naturally 
thinly  covered,  as  on  the  dorsal  aspect  of  the  fore-arm,  the  anterior  part  of  thr 
leg,  or  just  above  the  ankle-joint,  or  where  the  soft  parts  have  been  wasted  by 
chronic  disease.  The  flaps  in  transfixion  should  be  made  by  a  steady  sweep- 
ing cut,  so  that  the  soft  parts  may  be  evenly  and  smoothly  divided.  Their 
length  must  of  coui'se  be  proportioned  to  the  thickness  of  the  limb.  If  they 
be  cut  too  long,  too  much  muscle  will  be  left  on  the  stump,  and  the  flap  itself 
is  usually  badly  fashioned  and  pointed.  Should  the  Surgeon  feel  that  he  hits 
made  this  mistake,  the  wiser  plan  will  be  at  once  to  round  off  the  ends  of  the 
flaps.    Should  they  have  been  cut  too  short,  the  soft  parts  must  be  forcibly 
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retracted,  aud  the  bone  cleared  by  circular  sweeps  of  the  knife,  and  sawn  as 
liigh  up  as  possible. 

The  flap  farthest  from  the  great  vessels,  as  that  on  the  outer  side  of  the  thigli 
or  arm,  should  be  cut  first.  In  making  the  inner  flap,  great  care  must  be  taken 
to  wind  the  point  of  the  knife  well  round  the  bone,  so  as  not  to  transflx  and 
split  the  vessels,  but  to  cut  them  as  long  as  possible.  As  a  general  rule,  the 
less  loose  muscle  that  is  left  on  the  stump,  the  better :  hence,  where  there  is  an 


Fig.  22.— Amputation  of  the  Tliigli.    Antoro-po.sterior  Flaj)  Operation.    Flaps  cut  by  Trnnsflxiou. 


equal  thickness  of  soft  parts  round  the  bone,  as  in  the  arm  and  thigh,  the  flaps 
should  be  cut  short,  well  retracted,  and  the  bone  cleared  by  cii'cular  sweeps  of 
the  knife  as  high  as  necessary.  The  bone  thus  lies  at  the  bottom  of  a  deep 
hollow  beyond  the  angle  of  junction  of  the  flaps,  and  there  is  less  chance  of  :\ 
conical  stump  being  left. 

In  cutting  a  flap  from  without  inwards,  it  is  of  the  greatest  importance  to 
remember  that  the  edge  of  the  knife  must  never  be  turned  towards  the  under 
surface  of  the  flap,  but  always  towards  the  parts  to  be  removed.  After  marking 
out  the  flap  with  the  point  of  the  knife,  the  Surgeon  takes  the  edge  of 
the  skin  between  the  finger  and  thumb  of  his  left  hand,  and  raises  it  from 
the  parts  beneath.  The  portion  of  the  flap  which  is  thus  raised  is  therefore  at 
right  angles  to  the  snrface  of  the  limb,  and  the  knife  mnsb  also  be  kept  in  a. 
similar  direction,  oi-  its  edge  will  be  tnrned  towards  the  base  of  tlie  flap,  and 
by  scoring  its  under  surface  will  gi;eatly  increase  the  danger  (if  slouirhinu-. 
ine  ttap  must  be  raised  evenly  across  the  limb,  and  one  side  ninst  not  be 
allowed  to  get  in  advance  of  the  othci-.    When  bands  of  areolar  tissue  are 
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seen  passing  from  the  flap  to  the  parts  beneatli,  the  operator  must  divide  these 
at  the  end  that  is  attached  to  the  parts  to  be  removed.  There  should  be  no 
lim-ry  about  raising  the  flap  by  dissection,  as  under  the  influence  of  anajsthetics 
the  lengthening  of  the  operation  by  two  or  three  minutes  is  a  matter  of  but 
little  importance.  It  is  better  to  spend  one  or  two  minutes  more  over  the 
operation,  than  to  have  to  re-amputate  on  account  of  sloughing  of  the  flaps. 

The  simple  circular  and  the  double-flap  operations  being  thus  brought  to 
perfection  marks  the  limit  of  the  improvement  in  amputation  wliich  resulted 
from  the  invention  of  the  tourniquet ;  and  before  the  invention  of  ausesthetics 
Surgeons  were  divided  in  opinion  as  to  which  of  the  tw  o  methods  was  to  be 
preferred  when  the  nature  of  the  case  allowed  of  a  choice.  The  advocates  of 
the  flap  operation  claimed  for  it  the  following  advantages  :  that  it  was  easy  of 
performance,  and  could  be  carried  out  with  great  rapidity,  thus  saving  pain  to 
the  patient ;  that  the  thick  muscular  cushion  left  over  the  end  of  the  bone 
made  a  better  covering  and  rendered  protrusion  of  tlie  bone  less  likely  to 
occm" ;  and  that  the  accuracy  of  fit  obtained  by  this  method  favoured  union  of 
the  wound  by  first  intention.  The  advocates  of  the  circular  method  maintai  ned  : 
that  the  light  covering  formed  by  the  skin  and  fat  was  less  likely  to  Ije  dis- 
placed by  the  involuntary  movements  of  the  muscles,  and  was  quite  as  capable 
of  uniting  by  first  intention  as  fleshy  flaps  :  and  that  protrusion  of  the  bone  was 
not  dependent  on  the  method  adopted,  but  upon  insufficiency  of  covering. 
As  long  ago  as  1783  it  had  been  pointed  out  by  Mynors  that  the  muscular 
cushion  was  more  an  ideal  than  a  real  advantage  ;  for  in  com-se  of  time  the 
muscular  tissue  in  the  flap  becomes  atrophied  and  absorbed,  untU  after  a  few 
months  the  difference  in  covering  between  a  stump  formed  by  the  flap  method 
and  one  by  the  circular  is  inappreciable.  The  advocates  of  the  circular 
method  also  maintained  that  the  vessels  being  cut  transversely  retract  more 
perfectly,  and  arc  less  likely  to  bleed  afterAvards,  and  that  the  wound  result- 
ing from  the  operation  is  smaller  than  that  produced  by  the  flajnnethod.  The 
oreat  objection  to  the  circular  operation  was  undoubtedly  its  tediousness 
and  painfulness,  and  consequently  the  flap  operation  became  decidedly  the 
favourite  with  most  Surgeons.  The  invention  of  anaesthetics,  however,  left 
the  Surgeon  free  to  consider  solely  what  method  of  amputation  furnishes  the 
best  results.  Hence  many  plans  of  operation  that  Avere  almost  discarded 
thirty  years  ago  have  regained  their  asceudency,  and  flaps  are  noAV  most 
frequently  carved  out  by  cutting  fi-om  without  iuAvards,  regardless  of  the 
oTcater  length  of  time  required,  provided  the  result  is  more  satisfactory. 
*  As  a  result  of  the  thougiit  and  labour  devoted  to  the  improA^ement  of 
amputation  since  the  invention  of  anaesthetics,  certain  general  principles  have 
come  to  be  universally  recognised  as  guiding  the  Surgeon  in  the  performance 
of  the  operation.    These  may  be  briefly  stated  thus  :— 

1.  The  covering  must  be  siifficient  to  meet  over  the  bone  without  the 

sUghtest  tension  ;  ... 

2.  The  amputation  should  be  so  performed  that  the  scar,  when  the  stump  is 

healed,  shall  not  lie  over  the  end  of  the  bone  ; 

3.  If  possible,  a  dependent  opening  should  be  provided  for  the  exit  of  the 

discharges ;  „   ,        •, ,  a 

4.  Tlicse  advantages  must  be  obtamed  with  the  smallest  possible  sacriface 

of  the  healthy  parts  of  the  limb. 

Each  of  these  requires  consideration  more  in  detail. 
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1.  To  PROVIDE  A  SUFFICIENT  COVERING. — Ifc  was  loiig'  ago  pointed  out 
by  Myuors  and  others,  that  the  standard  by  which  we  must  estimate  the 
amount  of  covering  required  is  the  diameter  of  the  hmb  at  right  angles  to  the 
hue  in  which  the  cicatrix  is  to  be  pLaced,  and  taken  at  the  point  at  whicli  the 
bone  is  to  be  divided.  In  operating  on  the  dead  body,  it  is  evident  that  if  two 
equal  flaps,  each  half  the  diameter  of  the  limb,  ^vere  cut,  measuring  from  the 
point  at  which  the  bone  is  sawn  to  the  end  of  the  flaps,  they  would  accurately 
meet  and  cover  in  the  bone,  but  such  flaps  in  the  liA  ing  body  would  be  totally 
inadequate  on  account  of  the  shrinking  from  the  elasticity  of  the  skin  and  the 
displacement  from  the  contraction  of  the  muscles.  Consequently,  it  is 
necessary  to  provide  another  half  diameter  of  covering  at  least,  and  in  some 
situations  even  this  amount  is  barely  suificient.  As  an  illustration  of  the 
above  rule,  let  us  suppose  a  lunb  is  to  be  amputated,  the  antero-posterior 
diameter  of  which,  at  the  point  where  the  bone  is  to  be  sawn,  is  six  inches,  the 
necessary  diameter  and  a  half  of  covering  could  be  obtained  in  the  following 
ways  amongst  others  : — 1.  One  long  flap  nine  inches  long  ;  2,  two  flaps,  one 
six  inches  long  and  the  other  three  ;  3,  two  equal  flaps  four  and  a  half  inches 
long  ;  4,  two  equal  flaps  three  inches  long,  aud  retraction  of  the  muscles  fromi 
the  bone  to  such  an  extent  as  to  provide  an  inch  and  a  half  of  covering  on 
each  side  ;  5,  a  circular  incision  raising  the  skin  and  fat  for  three  inches,  and 
another  circular  cut  through  the  muscles  with  retraction  of  the  soft  parts  from 
the  bone  for  one  inch  and  a  half. 

The  general  rule  that  one  diameter  and  a  half  is  sufficient,  requires  modifi- 
cation under  various  conditions  of  the  tissues  of  which  the  covering  is  made, 
and  in  various  situations.  In  very  old  people  the  skin  has  frequently  lost 
much  of  its  elasticity,  but  it  is  not  wise  to  shorten  the  covering  on  this  account,, 
as  the  tissues  being  feeble  are  less  capable  of  withstanding  the  irritating  elfect 
of  tension.  In  amputation  through  chronically  inflamed  tissues,  the  retraction 
is  also  reduced  to  a  minimum  on  account  of  the  rigidity  of  the  parts  ;  but 
here  again  it  is  unwise  to  shorten  the  covering,  in  fact  it  is  better  to  make  it 
a  httle  longer,  as  the  flaps  are  very  apt  gradually  to  shrink  during  or  after  the 
healing  of  the  stump.  In  limbs  in  which  the  muscles  have  undergone  extreme 
fatty  degeneration,  the  retraction  caused  by  their  tonic  contraction  is  absent^ 
so  that  the  minimum  covering  of  a  diameter  and  a  half  is  amply  sufficient. 
In  the  lower  third  of  the  thigh  the  covering  should  always  be  increased  to  two 
diameters  to  allow  for  the  very  excessive  retraction  of  the  long  flexor  muscles 
of  the  leg.  In  amputation  of  the  leg  by  the  long  calf-flap,  it  is  also  necessary 
to  provide  very  abundant  covering  to  allow  for  the  subsequent  shrinking  of 
the  muscular  tissue  which  forms  the  posterior  flap. 

2.  That  the  scar  SHALii  not  be  over  the  end  of  the  bone. — It  is 
evident  in  the  first  place  that  protrusion  of  the  bone  is  more  likely  to  occur  if 
the  two  flaps  in  a  flap  amputation  meet  exactly  over  its  end  ;  but  the  chief 
object  in  placing  the  scar  so  that  it  shall  be  free  from  the  bone  is  to  avoid  a 
pamful  stump.  If  the  scar  in  the  skin  is  adherent  to  the  bone  it  becomct^ 
extremely  liable  to  ulceration  from  slight  injuries.  If  the  scar  be  placed  well 
away  fi-om  the  bone,  it  is  often  possible  in  amputations  of  the  lower  limb  for 
the  patient  to  bear  a  certain  proportion  of  his  weight  on  the  end  of  the  stump, 
which  gives  greatly  increased  steadiness  in  walking  on  an  artificial  limb. 

3.  That  a  dependent  opening  is  to  be  provided  for  the  exit  or 
DISCHARGE.— May  be  stated  in  other  words  thus  :  that  the  coverino-  of  the 
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stump  shall  be  taken  oliiefly  from  the  dcjrsal  surface  of  the  fore-arm,  and  from 
the  anterior  part  of  the  limb  elsewhere.  Perfect  drainage  is  absolutely  essential 
for  union  of  any  Avound  by  first  intention,  and  consequently  it  is  needless  to 
point  out  the  importance  of  so  arranging  the  covering  that  the  force  of 
gravity  shall  aid,  and  not  oppose,  the  escape  of  discharges.  In  exceptional 
cases,  as  in  some  of  the  amputations  in  the  foot,  the  advantages  of  the 
flap  taken  from  the  heel  or  sole  in  providing  a  covering  upon  which  the 
patient  can  bear  his  whole  weight  are  sufficient  to  counter-balance  the  difficulty 
of  drainage  that  sometimes  is  met  with  in  these  operations.  If  the  covering 
be  taken  chiefly  from  the  front  of  the  limb,  it  is  evident  that  not  only  will 
o-raAdty  aid  in  draining  the  wound,  but  also  that  it  will  tend  to  keep  the  longer 
flap  in  its  position.  If  the  covering  be  taken  chiefly  from  behind,  as  in  the 
transfixion-amputation  in  the  leg,  the  tendency  of  the  heavy  muscular  flap  to 
fall  backwards  can  be  counteracted  only  by  fixing  it  to  the  anterior  by  sutures 
or  strapping  ;  tension  of  the  short  flap  is  produced  and  it  may  slough  over  the 
bone  ;  any  insufficiency  in  external  support  allows  the  posterior  flap  to  fall 
away,' fluids  bag  in  the  gap,  and  speedy  union  is  impossible. 

4.  That  these  advai^tages  are  to  be  gained  avith  the  smallest 
POSSIBLE  SACRIFICE  OF  THE  LENGTH  OF  THE  LIMB.— Experience  has  shown 
conclusively  that  the  danger  of  an  amputation  increases  as  the  point  at  which 
the  bone  is  sawn  approaches  the  trunk.  No  fact  in  surgery  is  more  con- 
clusively proved  than  this.  It  is  evident  that  the  bone  can  be  sawn  at  the 
lowest  possible  point  if  the  covering  is  taken  equally  from  the  two  sides.  To 
take  as  an  example  a  limb  the  antero-posterior  diameter  of  which  is  six  inches, 
tmd  which  consequently  requires  nine  inches  at  least  of  covering  to  form  a 
.)-ood  stump,  and  supposing  the  nature  of  the  case  made  it  impossible  to  obtain 
Joverino-  from  a  point  lower  than  the  end  of  the  bone  to  be  sawn  tlirough,  if 
it  is  to  be  taken  equally  from  the  two  sides,  the  bone  would  be  sawn  four-and- 
>i-half  inches  above  its  lower  end  ;  if  from  one  side  only,  nine  inches.  If, 
however,  the  anterior  flap  was  five-and-a-half  inches  long  and  the  posterior 
three-and-a-half,  the  advantages  of  a  dependent  opening  and  a  scar  removed 
from  pressure  could  be  obtained  with  the  sacrifice  of  only  one  inch  more  bone 
than  if  the  flaps  had  been  of  equal  length.  The  Surgeon  wiU  therefore  adhere 
to  the  rule  of  taking  the  covering  as  equally  as  possible  from  the  two  sides  of 
the  limb  only  as  far  as  is  consistent  with  the  other  essentials  of  a  good  ampu- 
tation a  dependent  opening  for  drainage,  and  a  scar  away  from  the  bone.  A 
long  stump  is  more  easily  fitted  with  an  artificial  liml)  and  gives  the  patient 

^rreker  control  over  it.  .      ,  .  j  4.1 

These  essential  features  of  a  good  amputation  being  agreed  upon,  the 
questions  of  the  best  material  of  which  to  form  the  covering,  and  the  best  way 
of  raising  it,  remain  to  be  considered.  , 

All  Sin-eons  are  now  agreed  that  too  much  muscle  m  a  flap  is  an  unmiti- 
<rated  evil'''  The  objections  to  muscular  flaps  are,  that  they  are  heavy,  and 
consequently  liable  to  be  easily  displaced  ;  that,  supposing  any  voluntaiT  move- 
ment or  involnntary  jerking  or  twitching  of  the  limb  to  occur,  the  surfaces  of 
Ihe  flaps  are  moved  upon  each  other,  and  primary  union  is  thus  preven  ed,  and 
hat  this  is  especially  likely  to  happen  if  the  sharp  e.lge  of  the  ^awn  bone  is 
n  direct  contact  with  a  muscular  flap  bent  over  its  end  ;  that  mnscular  flaps 
etract  to  a  considerable  extent  after  the  operation,  and  continue  to  shrink  for 
Xe  time,  thus  causing  a  greater  tendency  to  protrusion  of  the  bone  ;  and 
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lastly,  that  as  in  the  end  the  muscle  completely  wastes  away,  the  idea  that  a 
muscular  flap  forms  a  better  cushion  than  one  composed  only  of  the  skin  and 
subcutaneous  fat  is  erroneous.    None  of  these  objections  can  be  raised  to  a 
covering  composed  solely  of  the  cutaneous  and  subcutaneous  tissues,  but,  on 
the  other  hand,  in  very  emaciated  subjects,  such  a  covering  is  very  thin,  and 
is  apt  to  sulfer  from  the  direct  pressure  of  the  bone  against  it,  and  consequently 
in  such  cases  it  is  well  to  protect  it  by  raising  a  certain  amount  of  muscle  with 
it.    Skin  flaps  also,  if  very  long,  are  apt  to  slough,  as  their  vascular  supply  is 
somewhat  limited,  and  this  accident  is  especially  liable  to  happen  in  old  people. 
In  any  patient,  whether  young  or  old,  fat  or  thin,  sloughing  will  almost 
certainly  occur  if  the  Surgeon  turns  the  edge  of  the  knife  towards  the  flap 
instead  of  keeping  it  directed  to  the  parts  to  be  removed.    Common  sense 
would  suggest  also  that  it  is  ^v'ise  to  thicken  the  base  of  a  flap  with  a  little 
muscle  when  possible,  if  circumstances  recpiire  it  to  be  made  of  more  than 
ordinary  length.    If  the  covering  in  most  parts  were  made  solely  of  skin  and 
fat,  the  retraction  of  the  muscles  would  leave  the  bone  protruding  sharply 
beneath  the  flaps,  and  the  object  of  the  Surgeon  is  therefore  to  save  so  much 
muscle  that  after  full  retraction  has  taken  place  it  shall  still  be  level  with  the 
sawn  end  of  the  bone.    In  order  to  obtain  this  result,  the  proportions  usually 
sufficient  are  to  provide  one  diameter  of  covering  composed  of  the  skin  and 
subcutaneous  structm-es,  and  half  a  diameter  of  muscle,  or  more  if  the  retrac- 
tion is  expected  to  be  considerable,  as  in  the  lower  part  of  the  thigh.    In  all 
cases  the  operator  should  bear  the  principles  in  mind,  and  be  guided  in  his 
performance  by  circumstances,  considering  the  age  and  state  of  health  of  the 
patient,  the  amount  of  subcutaneous  fat,  the  length  of  the  flaps,  and  the 
situation  of  the  amputation,  and  suiting  the  relative  proportions  of  skin  and 
muscular  covering  to  the  nature  of  the  case.    A  mere  mechanical  amputator 
can  never  be  a  good  one. 

In  amputating  for  diseased  joints,  it  often  becomes  a  question  whether  the 
structures  covering  the  articulation  are  in  a  fit  state  to  be  used  in  the  forma- 
tion of  fiaps.  As  a  general  rule,  it  may  be  stated  that  the  chronically  inflamed 
tissues  covering  a  diseased  joint,  even  when  perforated  here  and  there  by 
sinuses,  foim  excellent  flaps  ;  but  it  must  be  borne  in  mind  that  their  vitality 
being  somewhat  lower  than  natural,  they  must  be  carefully  handled  to  avoid 
unnecessary  bruising,  and  that  they  are  liable  to  shrink  considerably  as  the 
stump  heals,  and  consequently  their  length  must  be  slightly  greater  than  if 
the  tissues  were  healthy.  Such  flaps  yield  a  large  amount  of  serous  exudation 
during  the  first  few  hours  after  tlie  operation,  and  ample  drainage  must  be 
provided  for  this. 

In  some  of  the  modern  methods  of  amputating  about  to  be  described  it  has 
been  the  object  of  the  Surgeon  to  combine  as  far  as  possible  the  advantages 
of  the  circular  and  flap  methods  in  one— following  the  rules  just  laid  down  as 
to  the  essentials  of  a  good  amputation. 

Amputation  by  the  Modified  Circular  Method.— In  183'J,  Listen 
proposed  a  combination  of  the  doul)le  flap  and  circular  operations,  which 
greatly  improved  the  shape  of  the  stump  of  the  circular  method,  and  somewhat 
increased  the  ease  of  tlie  operation  (Fig.  23).  Two  semilunar  incisions,  with 
their  convexities  downwards,  are  made  through  tlic  skin  from  side  to  side  of 
the  limb  ;  the  flaps,  which  are  each  about  one  quarter  of  the  diameter  of  the 
nmb  in  length,  are  then  dissected  up  and  the  skin  and  fat  raised  circularly 
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abo^'c  the  angle  of  union  for  a  distance  equal  to  the  length  of  the  flaps,  thus 
exposing  the  muscles  half  a  diameter  above  the  extremities  of  the  flaps.  The 
operation  is  then  completed  by  division  and  retraction  of  the  muscles  as  in 
the  ordinary  circular  method.  This  operation  is  especially  indicat<id  in  mus- 
cular parts,  such  as  the  arm,  thigh,  or  leg.  The  advantage  of  this  procedure 
over  the  ordinary  flap-operation  is  very  great  in  stout  muscular  suljjects. 


Fig.  23.— Modiflod  Circular  Amputation  in  the  upper  tliird  of  the  Leg. 

Amputation  by  the  Long  Anterior  Plap.— The  late  Mr.  Teale  of 
Leeds,  in  1853,  invented  and  practised  a  mode  of  amputation  by  a  long 
anterior  and  a  short  posterior  rectangular  flap.    The  long  flap  is  perfectly 
square,  and  the  rule  for  its  formation  given  by  Teale  is,  that  its  length  and 
breadth  should  each  be  equal  to  half  the  circumference  of  the  limb  at  the 
place  at  which  the  bones  are  to  be  sawn  (Fig.  24).    If  the  circumference  be 
12  inches  the  length  and  breadth  of  the  flap,  both  at  its  base  and  at  its 
fi-ee  extremity,  should  be  6.    The  short  flap  cut  from  the  posterior  aspect  of 
the  limb,  or  the  palmar  aspect,  if  the  operation  be  m  the  fore-ann,  is  to  be 
one-quarter  the  length  of  the  anterior  flap  ;  in  the  case  above  supposed  it 
would  be  1^  inches.    In  performing  the  operation  the  measurements  must  be 
carefully  made,  and  the  outhne  of  the  flaps  marked  on  the  limb  with  mk 
before  the  amputation  is  commenced.    Both  flaps  are  to  be  made  to  mclude 
all  the  soft  parts  of  the  limb,  and  the  short  flap  will  always  contain  the  chief 
vessels  and  nerves.    The  bones  are  sawn  exactly  at  the  angle  of  umon  of  the 
flaps  without  any  previous  retraction  of  the  soft  parts.    After  the  vessels 
have  been  secured,  the  long  flap  is  folded  over  the  end  of  the  bone,  and 
attached  by  suture,  partly  to  the  short  flap,  and  partly  to  itself;  thus  the  hrst 
(luarter  of  the  long  anterior  flap  is  first  accurately  sewn  to  the  short  posterior 
flap  •  the  remaining  part  of  the  anterior  flap  is  then  doubled  over  on  itself 
its  free  end  being  accurately  fitted  to  the  free  end  of  the  short  flap,  and 
attached  by  sutures  ;  finally  stitches  are  applied  when  the  terminal  part  of  the 
flap  is  in  contact  with  the  second  quarter,  as  in  the  figure  (Fig.  25)  The 
results  of  amputation  by  this  method  in  Tealc's  hands  were  very  sat.sfactoiy 
T^he  advantages  claimed  by  Teale  for  his  method  of  amputating  were,  that  it 
provided  an  abundant  covering  fi-ee  from  tension.    This  it  evidently  does,  as 

he  covering  amounts  to  1|  diameters  of  the  limb  Soco"db^  i  provides  a 
dependent  opening  for  the  exit  of  discharge  ;  and  thu-dly,  that  when  t  , 

healed  the  cicatrix  is  behind  the  bones,  and  that  consequently  the  patient 
can  bear  the  whole  or  a  part  of  his  weight  on  the  end  of  the  stump  ;  this  is 
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especially  advantageous  after  amputation  in  the  thigh  or  leg,  when  direct 
pressure  can  scarcely  be  avoided,  and  when  a  solid  firm  stump  admitting  it  is 
of  very  essential  service  to  the  patient.  Teale  advises,  however,  that  the  whole 
pressure  be  not  borne  by  the  stump,  but  that  it  be  reduced  to  one-half,  the 
remainder  being  distributed  in  the  usual  way  on  the  upper  part  of  the  limb  : 
thus  not  only  relieving  the  stump,  but  securing  greater  steadiness  of  gait  and 
firmness  of  step.    In  the  upper  extremity,  however,  no  direct  pressure  is  made 


Fig.  24. — Liues  of  Incision  in  Tcale's  Amputation.  Fig.  25. — Tcale's  Amputation;  Stuuip. 


upon  the  end  of  the  stump  in  the  adaptation  of  artificial  limbs  ;  hence,  the 
rectangular  appears  in  these  situations  to  possess  no  advantage  over  the  other 
double-flap  methods,  so  far  as  the  utility  of  the  stump  is  concerned. 

But,  whilst  fully  admitting  the  advantage  possessed  by  the  rectangular 
method  in  the  formation  of  a  well- covered  stump,  especially  in  the  lower 
extremity,  we  must  not  close  our  eyes  to  certain  disadvantages  which  appear  to 
me  to  be  inseparable  from  it.  One  disadvantage  consists  in  the  necessity  of 
sawing  the  bone  at  a  higher  point  when  one  flap  is  made  of  such  extreme 
length  than  when  two  shorter  ones  more  nearly  equal  are  fashioned.  Thus, 
for  instance,  in  an  amputation  of  the  thigh  for  injury  about  the  knee-joint, 
the  long  rectangular  flap  in  an  adult  would  require  to  be  about  eight  inches  in 
length,  and  the  femur  must  consequently  be  sawn  at  least  as  far  as  this  above 
the  patella  :  whereas,  in  the  ordinary  double-flap  amputation,  two  shorter 
flaps,  each  about  four  inches  in  length,  will  be  found  sufficient  to  cover  in  the 
bone,  which  may  consequently  be  sawn  at  a  proportionately  lower  point. 
Thus  the  rectangular  method  contravenes  the  principle  in  amputation,  not  to 
remove  the  limb  at  a  higher  point  than  is  absolutely  necessary,  the  danger  to 
life  increasing  with  every  inch  that  is  removed  :  nor  can  it  be  considered  to 
l)e  advantageous  in  those  cases  in  which  length  is  essential  to  the  utihty  of 
the  stump  and  the  comfort  of  the  patient. 

In  amputations  for  malignant  disease,  also,  the  long  flap,  which  has  to  be 
cut  in  close  proximity  to  the  morbid  growth,  would  run  a  far  greater  risk  of 
infiltration  than  would  two  shorter  ones  taken  higher  up  in  the  limb  :  the 
bone  in  both  cases  being  sawn  at  the  same  level. 

Should  union  by  the  first  intention  fail  and  suppuration  ensue,  in  the 
rectangular  amputation  the  thick  fleshy  mass  which  enters  into  the  forma- 
tion of  the  long  flap  becomes  a  source  of  great  inconvenience,  bulging  out 
from  under  the  skin,  and  requiring  considerable  management  in  the  after- 
treatment. 

For  these  reasons  the  unmodified  form  of  Teale's  amputation  is  hardly  to 
be  recommended. 

At  the  same  time  that  Teale  was  recommending  the  long  anterior  flap  in  all 
parts  of  the  body.  Garden,  of  Worcester,  was  advocating  its  employment  in  a 
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form  of  amputation  invented  by  him  for  removal  of  the  thigli  immediately 
above  the  knee.  In  bis  operation,  which  will  be  described  amongst  the  special 
amputations,  a  single  long  anterior  flap  was  made,  the  extremity  of  which 
was  rounded  in  form. 

Spence  of  Edinburgh,  who  fully  recognised  the  advantages  of  Teale's 
method  of  amputation  in  the  lower  third  of  the  thigh,  suggested  a  modifica- 
tion by  which  he  hoped  to  obtain  them  with  less  trouble  and  without  pro- 
ducing quite  so  large  a  wound.  He  made  no  j)Osterior  flap,  but  compensated 
for  it  by  retracting  the  soft  parts  from  the  bones  to  an  extent  equal  to  its 
length.  The  anterior  flap  was  to  be  made  a  little  longer  than  the  diameter  of 
the  limb  ;  and  its  angles  being  rounded,  it  was  allowed  simply  to  hang  over 
the  end  of  the  stump,  without  being  folded  lapon  itself  as  in  Teale's  operation. 
The  posterior  parts  were  divided  from  without  inwards  by  a  single  sweep  of 
the  knife.  By  this  method,  however,  the  bone  was  sawn  as  high  as  in 
Teale's  method,  so  that  the  gain  was  not  very  great. 

In  1860  Lister  pointed  out  that  the  advantages  of  Teale's  method  could  be 
obtained  with  considerably  less  sacrifice  of  length  in  the  limb  by  taking  the 
covering  more  equally  from  the  anterior  and  posterior  aspects.    A  dependent 
opening  for  the  exit  of  the  discharges,  and  a  scar  placed  behind  the  bones 
may  .  be  obtained  in  almost  all  situations  by  making  an  anterior  flap  two-thirds 
of  the  diameter  of  the  limb  in  length,  and  a  posterior  half  that  length,  as  the 
bone  is  in  almost  all  parts  situated  more  towards  the  anterior  than  the 
posterior  aspect  of  the  limb.    In  all  parts  of  the  limbs  the  flexors,  being  the 
muscles  with  the  longer  bellies,  retract  more  extensively  than  the  extensors  ; 
and,  consequently,  if,  when  the  operation  is  finished,  the  line  of  union  of  the 
flaps  is  to  the  flexor  aspect  of  the  bones,  it  is  quite  certain  that  the  scar,  when 
the  stump  is  healed,  will  be  in  a  similar  position.    The  method  of  operating, 
therefore,  recommended  by  Lister  as  best  suited  to  the  amputations  of  the 
forearm,  leg,  and  thigh,  is  the  following.    An  anterior  rounded  flap,  equal  in 
length  to  two-thirds  of  the  antero-posterior  diameter  of  the  limb  at  the  point 
at  which  the  bone  is  to  be  sawn,  is  raised  by  dissection.    In  the  lower  thirds 
of  the  leg  and  forearm  the  bones  form  so  large  a  proportion  of  the  limb  that, 
in  order  to  make  sure  that  the  scar  shall  be  placed  behind  them,  it  is  necessary 
to  make  the  length  of  the  anterior  flap  equal  to  the  diameter  of  the  limb.  In 
i-aising  the  anterior  flap  the  operator  will,  if  he  think  fit,  try  to  take  up 
some  muscle  at  its  base  to  thicken  it  and  so  ensure  its  vitality.  This 
is  to  be  recommended  for  all  parts  in   thin  or  feeble  subjects,  and  in  the 
thigh  in  eveiy  patient.    The  flap  is  not,  however,  under  any  circumstances 
to  be  too  fleshy  and  heavy.    A  posterior  skin-flap,  half  the  length  of  the 
anterior,  is  next  raised.     The  muscles  are  then  divided  circularly  and  re- 
tracted from  the  bone  for  a  distance  equal  to  at  least  one  quarter  of  the 
diameter  of  the  limb  :  in  the  tliigh  it  is  better  always  to  retract  for  half 
a  diameter.     It  is  evident  that  in  the  leg  this  retraction  may  be  rather 
difiicult,  especially  in  secondary  amputations  in  which  the  tissues  are  swollen 
and  infiltrated  ;  but  the  dilliculty  is  easily  overcome  Jiy  extending  the  in- 
cision upwards  from  the  angle  of  the  flaps,  either  on  one  or  both  sides  of 
the  limb,  to  the  point  at  which  the  bones  are  to  be  sawn.  This  mode  of  ampu- 
tating combines  the  advantages  of  both  the  circular  and  the  flap  operations: 
it  has  the  light  covering  and  absence  of  excessive  nniscle  of  the  circular,  with 
the  accurate  fit,  the  good  drainage,  and  the  well-placed  scar  of  the  flap  method. 


0  YAL  A MPUTA  TIONS. 


69 


It  IS  iu  fact  a  comoination  of  the  flap  and  circular  operations,  thus  sometimes 
being  spoken  of  as  the  "  combination  method." 

Amputation  by  the  Oval  Method,  which  is  especially  adapted  to  removal 
of  lingers  or  toes  and  disai'ticiilations  at  the  shoulder  and  hip,  is  essentially  a 
circular  amputation  with  a  longitudinal  incision  made  up  one  side  of  the  limb, 
to  facilitate  the  retraction  of  the  soft  parts  and  the  exposure  of  the  joint  at 
which  disarticulation  is  to  be  performed.  The  oval  form  is  given  by  rounding 
off  the  angles  formed  Ijy  the  junction  of  the  longitudinal  with  the  circular 
incision.  When  the  longitudinal  incision  is  continued  for  some  distance 
above  the  commencement  of  the  true  oval  part,  the  operation  is  frequently 
spoken  of  as  amputation  by  the  "  racket-shaped  incision." 

Sawing  the  Bone.- — In  all  methods  of  amputating,  as  soon  as  the  incisions 
have  been  made  tlu'ough  the  soft  parts,  the  bones  must  be  cleared  for  the 
appUcation  of  the  saw.  While  doing  this  the  soft  parts  must  be  firndy 
retracted  by  the  assistant  or  by  the  Surgeon  himself,  if  he  stands  so  as  to  take 
his  own  flaps.  For  the  purpose  of  retraction  the  hands  are  usually  sufficient, 
though  some  Surgeons  still  use  retractors  made  of  pieces  of  stout  calico  or 
linen.  The  retractor  must  be  about  two  inches  wider  than  the  diameter  of  the 
limb  and  about  three  feet  long.  If  there  is  only  one  bone,  one  end  must  be 
torn  into  two  tails.  The  retractor  is  soaked  in  an  antiseptic  lotion,  and  the 
two  tails  of  the  divided  end  are  then  passed  one  on  each  side  of  the  bone  and 
slightly  crossed  on  each  other.  The  assistant  then,  taking  the  two  tails  iu 
one  hand  and  the  undivided  end  in  the  other,  pulls  them  forcibly  upwards. 
If  there  are  tAvo  bones,  the  divided  end  must  be  torn  into  three  tails,  the 
middle  one  of  which  is  passed  between  the  bones.  Eetractors  are  of  use  only 
in  circular  or  combined  flap  and  circular  amputations.  In  the  pure  flap 
operations  they  are  unnecessary  for  retraction  of  the  soft  parts,  but  they  are 
still  of  use  in  protecting  the  muscles  fi-om  the  teeth  of  the  saw  and  in  keeping 
the  surfaces  free  from  the  bone-dust  :  for  the  laceration  of  the  deep  muscles 
by  the  saw  and  the  imbedding  of  bone-dust  in  their  substance,  may  interfei-e 
seriously  with  union.  If  a  retractor  be  used,  the  final  clearing  of  the  bone  is 
completed  after  it  has  been  applied.  This  is  best  done,  when  there  is  only  a 
single  bone,  by  a  firm  circular  sweep  of  the  knife  from  heel  to  point  round  the 
under  segment  of  the  bone,  and  then  another  round  the  upper  surface  in  the 
opposite  dii-ection.  If  there  be  two  bones,  care  must  be  taken  in  clearing 
them  not  to  direct  the  edge  of  the  knife  upwards  into  the  interosseous  space 
higher  than  the  line  to  which  the  saw  is  to  be  ajoplied,  lest  any  artery  be  cut 
where  it  will,  on  account  of  its  retraction,  be  difficult  to  secure 'it. 

The  bone  having  been  properly  cleared  and  the  soft  parts  firmly  retracted, 
the  saw  is  ap])lied  to  the  highest  point  exposed.  In  order  to  saw  the  bone 
quickly  and  steadily,  there  are  several  points  deserving  attention.  The  first 
cut  should  be  made  so  as  to  form  a  deep  groove  to  receive  the  teeth  :  to  do 
this,  the  heel  of  the  saw  is  steadied  against  the  left  thumb,  which  is  pressed 
on  the  bone,  and  the  instrument  is  drawn  fairiy  and  sharply  along  the  whole 
line  of  its  teeth  from  heel  to  point.  The  groove  thus  formed  receives  the  edge 
of  the  saw  :  and  the  bone  may  then  be  quicldy  cut  through  by  long,  light, 
and  sweeping  movements  of  the  instrument  fi-om  point  to  heel.  The 
assistant  must  carefully  support  the  part  to  be  removed  ;  neither  depressing  it 
so  as  to  snap  the  bone  as  it  is  weakened  by  sawing  ;  nor  raising  it  so  as  to  run 
the  risk  of  locking  the  saw.    In  sawing  a  single  bone  the  position  of  the  saw 
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is  gradually  changed  from  the  hoi-izontal  to  the  vertical,  as  progi-ess  is  made, 
as  the  bone  is  then  less  likely  to  break  if  the  limb  be  impro])erly  supported . 
When  there  are  two  bones  of  equal  strength  in  the  limb,  as  in  the  fore-arm, 
they  should  be  cut  through  at  the  same  time  ;  but  in  the  leg,  the  fibula,  being 
the  weaker,  should  always  be  first  divided.  Should  the  division  be  made 
irregularly,  and  splinters  of  bone  project,  these  must  be  snipped  off  with 
cutting-pliers. 

In  performing  an  amputation,  the  preparations  dii-ected  on  page  38  must 
be  accurately  carried  out.  The  Surgeon  must  himself  see  that  the  Ampu- 
tating Instruments  are  in  proper  order,  and  of  good  construction.  For 
the  smaller  amputations  the  Surgeon  will  require  straight  bistouries,  narrow 
or  broad  in  the  blade,  according  to  the  size  of  the  part  to  be  removed. 
Scalpels,  also,  not  too  broad  in  the  blade,  are  useful  in  cases  in  which  the 
bistoury,  from  its  length,  might  be  inconvenient.  Cutting-pliers,  with  long, 
strong  handles  and  short  blades,  either  straight  or  curved  as  may  be  most 
convenient,  are  especially  required  in  amputations  about  the  hands  and  feet. 
The  knives  for  the  larger  amputations  should  have  smooth  ebony  handles,  and 
be  well  balanced.  The  back  of  the  blade  should  run  straight  to  the  point,  and 
be  well  rounded.  The  edge  should  taper  off  towards  the  point,  with  a  good 
convexity.  The  breadth  of  the  blade  should  be  from  three-fifths  to  two-thirds 
of  an  inch,  and  its  length  should  be  proportioned  to  the  size  of  the  linib  to  be 
removed.  In  operating  by  transfixion  in  order  to  make  a  good  sweeping  cut, 
so  as  to  form  a  well  rounded  and  smooth  flap,  the  blade  should  as  a  general 
rule  be  about  equal  in  length  to  double  the  diameter  of  the  lunb.  For 
raising  the  flaps  by  dissection  many  Surgeons  prefer  shorter  knives.  ^  The  saw 
should  be  strong  in  the  blade  and  back  so  as  not  to  bend  in  cutting.^  The 
blade  must  be  of  good  breadth,  and  its  teeth  must  be  well  set,  so  that  it  shall 
not  hang  as  it  works  its  way  through  the  bone.  Artery-forceps  of  the 
ordinary  bull-dog  kind,  and  torsion-forceps  will  be  required  ;  and  some  half 
dozen  of  Spencer  Wells's  forceps  should  always  be  ready  for  the  temporary 
arrest  of  hsemorrhage  from  the  smaller  branches  while  the  larger  are  being 
S6CU.rG(i. 

The  Arrest  of  Hremorrliage.— After  the  limb  has  been  removed  the  first 
thing  to  be  done  is  to  restrain  arterial  hajmorrhage.  The  vessels  are  to  be 
secui-ed  by  some  of  the  means  described  in  Chapter  XIV.  The  meajis  most 
commonly  adopted  in  the  present  day  are  torsion  and  ligature  with  prepared 
catgut,  which  may  be  left  in  the  wound  without  fear  of  after-trouble.  What- 
ever means  of  arresting  hajmorrhage  are  adopted,  all  vessels  visible  on  the 
surfaces  of  the  flaps  should  be  secured  before  the  tourniquet  is  removed,  the 
Surgeon  being  guided  by  his  anatomical  knowledge  to  the  situation  of  the 
more  important  branches.  In  addition  to  the  main  trunk,  from  two  to  four 
or  six  smaller  vessels  usually  require  to  be  secured  :  but  sometimes,  either  from 
the  existence  of  malignant  disease,  or  of  extensive  suppuration  in  the  limb,  tlie 
stump  is  excessively  vascular,  and  a  very  large  number  of  ligatures  may  bo 
required.  I  have,  in  these  circumstances,  more  than  once  had  occasion  to 
apply  between  twenty  and  thirty  ligatures  to  vessels  in  the  arm  and  thigh. 

Free  arterial  bleeding  will  sometimes  take  place  from  a  point  in  the  cut 
sui-face  of  the  bone,  in  consequence  of  the  division  of  the  trunk  of  the  nutrient 
artery.  This  haemorrhage  is  best  arrested  by  ]iressing  into  the  canal  one  (.r 
two  strands  of  carbolised  catgut  twisted  together;  or,  if  this  should  fail,  it 
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may  be  plugged  with  a  small  piece  of  carbolised  sponge,  which  will  become 
bmied  in  the  stump  and  absorbed  almost  as  easily  as  the  catgut.  The  old 
plan  of  inserting  a  wooden  plug  with  a  wire  to  it  should  never  be  resorted  to  if 
other  means  are  available,  as  it  is  certain  to  serve  as  a  centre  of  suppuration 
and  it  causes  disturbance  of  the  wound  when  it  is  removed. 

It  is  impossible  to  take  too  great  care  in  arresting  not  only  all  arterial 
hEemorrhage,  but  all  oozing  of  blood  before  closing  the  wound.  It  is  to  pains- 
taking and  patient  arrest  of  every  trace  of  bleeding  that  the  great  success  of 
some  Surgeons  in  obtaining  primary  union  is  ia  part  to  be  attributed.  To 


Fig.  26. — A  Stump  showniig  the  mode  of  applying  Suture  and  drainage-tube.    A  draiuage-tube. 

have  to  open  np  the  wound  to  secure  a  bleeding  vessel  within  an  hour  of  the 
operation  is  one  of  the  most  annoying  accidents  that  can  happen  to  a  Surgeon, 
and  is  most  damaging  to  the  prospect  of  speedy  union  of  the  wound,  but  even 
this  is  less  injurious  than  the  distension  of  the  flaps  with  a  coagulum,  the 
result  of  oozing  which,  perhaps,  stops  just  short  of  obliging  the  Surgeon  to 
open  up  the  wound  for  its  arrest. 

Closure  of  the  Wound. — The  liEemorrhage  having  been  arrested,  tlie 
covering  is  brought  together  over  the  bone  by  means  of  sutures.  In  a  well- 
made  stump  the  covering  is  so  loose  that  no  force  of  any  kind  is  necessary  to 
bring  the  edges  together  ;  consequently,  adhesive  plaster  can  scarcely  ever  be 
required.  In  cases  in  which  a  strictly  antiseptic  dressing  is  being  used,  un- 
waxed  silk  soaked  for  twenty-four  hours  in  a  l-in-20  solution  of  carbolic  acid, 
makes  the  best  sutures.  If  the  dressing  is  such  that  decomposition  of  the 
discharges  is  possible,  it  is  I)ettcr  to  use  metallic  sutures,  as  they  do  not  absorb 
the  septic  matter,  and  are  consequently  quite  unirritating  if  they  are  not  tight. 
In  inserting  the  stitches,  it  is  better  to  put  in  two  or  three  very  thick  sutures, 
either  of  silk  or  wire,  at  intervals  of  about  one  inch  to  one  inch  and  a  half 
(Fig.  26).  '■j'hey  should  get  a  good  hold  of  the  skin  and  fat  for  at  least  one 
inch  from  the  edge  of  the  wound.  These  bear  any  strain  that  may  arise  from 
swelling  or  retraction.  Between  them  finer  sutures  must  be  inserted,  nt 
intervals  of  about  half  an  inch,  bringing  the  skin  edges  into  accurate 
apposition.  Such  close  sewing  as  this,  however,  would  be  fatal  to  any  hope  of 
union,  unless  a  proper  exit  for  the  discharges  is  provided  ibr  by  drainage 
tubes.    These  are  best  made  of  india-rubber.    There  should  always  be  one  at 
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eacli  angle  of  the  wound,  and,  if  it  seems  necessary  from  tlie  size  of  the  stmnp,  a 
third  should  be  inserted  in  the  middle.  The  drainage-tubes  must  be  cut  level 
with  the  surface  of  the  wound,  and  above  all  it  must  not  be  forgotten  to  fit 
each  with  a  couple  of  threads,  one  on  each  side  of  its  orifice,  to  prevent  its 
slipping  into  the  wound  and  being  lost  there,  an  accident  which  has  frequently 
happened  fi-om  neglecting  this  precaution. 

Dressing  the  Stump. — An  amputatio)i  lea^■es  a  clean-cut  wound,  which 
must  be  treated  on  those  principles  that  guide  the  Surgeon  in  the  management 
of  all  incised  wounds,  and  which  will  be  fully  described  in  Chapter  IX,  They 
may  be  summed  up  briefly  thus  : — 1.  Eemoval  of  all  coagulum,  bone-detritus, 
or  other  foreign  body  :  2.  Close  and  accurate  coaptation  of  flaps  ;  3.  Efficient 
drainage  ;  4.  Perfect  rest  of  the  part ;  5.  Scrupulous  attention  to  cleanhness— 
the  most  perfect  cleanliness  consisting  in  the  absolute  prevention  of  decomposi- 
tion of  the  discharges  by  some  antiseptic  dressing.  The  antiseptic  wool 
dressings  are  amongst  the  best,  as  they  give  support  to  the  stump,  limit 
exudation,  and  do  not  require  frequent  changing.  Good  results  have  been 
obtained  by  some  Surgeons  with  the  so-called  open  treatment — that  is  to  say, 
no  dressing  at  all.  Among  the  best  results  are  those  obtained  by  the  late 
Mr.  Callender.  His  method  consisted  essentially  in  the  use  of  a  drainage-tube 
for  from  twenty-four  to  thirty-six  hours,  placing  the  stump  on  a  well-padded 
splint,  to  which  it  -«-as  bandaged,  so  as  to  prevent  all  voluntary  movement 
and  disturbance  by  involuntary  tw  itchings,  dressing  the  cut  edges  with  lint 
soaked  in  carbolic  acid  and  oil,  and  cleansing  them  when  necessary  with  a  glass 
brush  dipped  in  a  strong  spirituous  solution  of  carbolic  acid. 

No  mode  of  dressing  will,  however,  give  good  results  unless  perfect  drainage 
is  obtained  by  the  use  of  tubes.  This  is  all  the  more  essential  now  that 
almost  every  Surgeon  Avashes  the  stump  with  some  antiseptic  solution,  which, 
being  necessarily  an  irritant,  greatly  increases  the  amount  of  the  serous  dis- 
charge for  the  first  twenty-four  hours  ;  and  the  old  ligature  Avith  its  ends 
hanging  from  the  Avound  being  almost  completely  abandoned,  that  source  of 
drainage  has  disappeared.  The  amount  of  rest  that  a  stump  gets  depends 
greatly  upon  the  skill  with  which  it  is  handled  by  the  Surgeon  at  the  di-essmg. 
The  stump  should  be  supported  on  a  pillow,  and  the  weight  of  the  bed-clothes 
taken  off  by  a  cradle  ;  or  should  the  covering  be  composed  of  heavy  muscular 
flaps,  it  may  advantageously  be  placed  on  a  well-padded  wire  splint. 

In  some  cases,  although  "the  flaps  may  appeal-  abundant  at  the  time  of  the 
operation,  the  i-etraction  may  much  exceed  that  Avhich  Avas  anticipated,  and  a 
Avidc  granulating  suiface  may  be  left  after  the  deep  parts  have  healed.  This 
is  most  common  in  amputations  in  the  thigh  by  antero-posterior  flaps.  If  the 
flaps  have  really  been  of  sufficient  length,  this  Avill  usually  remedy  itself,  the 
contraction  of  the  granulating  sore  gradually  bringing  the  skin  edges  together. 
The  healing  of  the  stump  under  these  conditions  is  hastened  by  applying 
Aveight  extension,  Avhich  is  done  thus  :  a  piece  of  diachylon  plaster  is  cut 
of  sufficient  length  to  reach  to  the  next  joint  aboA-e  the  am]njtation  on  the 
anterior  and  jiosterior  aspects  of  the  limb,  and  to  form  a  \ooy  extendiug  at 
least  one  foot  beyond  the  end  of  the  stump.  Its  width  at  each  end  must  be 
nearly  half  the  circumference  of  the  limb,  but  in  the  middle  it  may  be  some- 
what narrower.  The  plaster  is  well  warmed  and  ajiplied  to  the  stimip.  and 
suiTOunded  by  a  few  turns  of  a  bandage,  made  of  the  best  elastic  AVclsh  flannel. 
A  wide  "  spreader,"  made  of  a  piece  of  wood  with  a  liole  in  it  for  the  rope  which 


A  MPUTA  TION-STUMPS. 


73 


supports  the  weight  to  pass  through,  is  then  put  into  the  projecting  loop  of 
plaster.  The  spreader  saves  the  end  of  the  stump  from  being  squeezed.  The 
weight  is  then  apphed  over  a  pulley  in  the  same  way  as  is  described  and  figured 
under  the  treatment  of  fracture  of  the  femur.  The  results  of  this  treatment 
are  most  satisfactory,  especially  in  the  lower  third  of  the  thigh. 

In  most  cases  the  stump  is  benefited  by  the  application  of  a  bandage  to 
support  and  mould  it  during  the  final  stage  of  cicatrisation  ;  and  as  a  general 
rule,  it  will  be  found  that  a  narrow  roller  will  adapt  itself  better  than  a  broad 
one.  After  cicatrisation  is  completed,  the  patient  should  be  allowed  to  go  about 
on  crutches,  but  must  not  wear  an  artificial  limb  for  some  months,  until  the 
parts  have  become  firmly  consolidated :  during  the  whole  of  this  time  the  stump 
should  be  kept  carefully  bandaged,  and  not  exposed  to  injury. 

Simultaneous  or  Rapidj.t  (Consecutive  Amputation  of  Two  Limbs 
requiring  removal  for  severe  injury  or  for  gangrene,  has  occasionally  been  suc- 
cessfully practised,  either  by  two  Surgeons  performing  the  two  amputations  at 
the  same  time  ;  or  by  the  same  Siu'geon  doing  first  one  and  then  the  other, 
the  vessels  of  the  first  hmb  being  secured  by  an  assistant  whilst  the  second 
limb  is  being  removed.  The  circulation  through  both  lower  extremities  may 
be  completely  aiTested  by  compressing  the  aorta  with  Pancoast's  tourniquet. 
By  means  of  this  valuable  instrument,  I  have  amputated  both  thighs  in  close 
succession  without  waiting  for  the  ligature  of  the  arteries  in  that  whicli  was 
first  removed.  The  object  in  two  simultaneous  amputations  is  to  lessen  the 
continuance  of  shock  to  the  system,  by  throwing,  as  it  were,  that  of  the  two 
operations  into  one.  In  doing  this,  however,  the  Surgeon  must  necessarily  be 
guided  by  the  circumstances  of  the  case.  If  the  patient  were  very  gi'eatly 
depressed,  the  infliction  of  so  severe  an  injury  as  a  double  amputation  might 
probably  extinguish  life  at  once  ;  and,  if  it  were  possible  to  wait  after  the 
removal  of  the  first  limb,  until  the  shock  of  the  operation  had  passed  off,  before 
the  second  was  amputated,  it  might  be  desirable  to  do  so  ;  but  if  the  patient 
were  not  too  much  depressed,  the  simultaneous  or  rather  rapidly  consecutiA  e 
double  amputation  would  probably  be  the  safer  course. 


STUMPS. 


On  examining  the  structure  of  a  stump  after  one  or  two  years  have  elapsed 
from  the  time  of  its  formation,  it  will  be  found  to  be  composed  of  a  mass  of 
fibrous  and  areolar  tissue,  any  muscvdar  substance  which  may  have  entered 
into  its  formation  having  completely  atrophied  and  disappeared.  Any  tendons 
which  may  have  been  divided  will  be  either  lost  in  the  fibrous  tissue  of  the 
scar,  or  will  have  formed  new  attachments  to  the  bones.  The  end  of  the  bone 
is  rounded  and  the  medullary  canal  closed  by  a  layer  of  compact  bone.  The 
vessels  are  obliterated  as  high  as  the  nearest  branch  and  converted  into  fibrous 
cords.  The  ends  of  the  nerves  are  thickened,  and  commonly  assume  a  bulbous 
form  (Fig.  27).  On  examining  these  rounded  or  oval  tumours  they  will  be 
found  to  be  composed  of  fibrous  tissue,  among  which  are  great  numbers  of  new 
nervous  fibrillte  twisted  and  rolled  upon  each  other  in  all  directions. 

The  proper  ada]itation  of  Artificial  LimTjs  is  a  matter  of  considerable 
consequence  ;  and  the  ingenious  mechanical  contrivances  that  are  at  the 
present  day  applied  to  stumps,  leave  little  to  be  desired.  The  Surgeon  had 
better  leave  the  details  of  these  mechanical  contrivances  to  the  instrument- 
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maker  ;  but  he  should  see  that  they  are  made  light,  consistently  with  sufficient 
strength  and  support,  and  that  the  end  of  the  stump  is  never  injuriously 
pressed  upon  by  them.  Thus,  after  amputation  of  the  thigh,  tlie  artificial 
limb  should  take  its  chief  bearing  point  from  the  lower  part  of  the  pelvis  and 
hip.  In  amputation  immediately  below  the  knee,  this  joint  should  be  bent 
and  received  into  the  socket  of  the  instrument ;  and,  if  the  amputation  be  at 
a  lower  point  than  this,  and  the  stump  be  extended  into  the  artificial  limb,  its 
end  must  be  protected  from  injurious  pressure. 

In  all  amputations  of  the  lower  limb  in  which  the  Surgeon  has  succeeded 
in  producing  a  satisfactory  loose  covering,  not  adherent  to  the  bone,  aud  witli 
the  scar  w^ell  behind  it,  the  patient  should  be  encouraged  to  Ijear  part  of  his 
weight,  at  least,  directly  on  the  cud  of  the  stump.    Not  only  does  this  give 

increased  steadiness  in  walking,  but  it  is  said  to  di- 
minish tlie  tendency  to  excessive  atrophy  of  the  soft 
parts  which  sometimes  occurs  in  old  stumps.  The 
plan  recommended  by  Teale  of  gradually  accustoming 
the  end  of  the  stump  to  bear  pressm-e  will  be  found 
most  satisfactory.  The  patient  must  prepare  a  number 
of  circular  pieces  of  flaunel  of  the  same  diameter  as 
the  socket  of  the  artificial  limb.  He  first  puts  in  a 
sufficient  number  of  these  to  form  a  pad  just  touching 
the  stump — after  this  he  adds  one  daily  till  the  stum]i 
becomes  accustomed  to  bear  the  necessary  degree  of 
pressure.  In  all  amputations  through  the  knee-joint 
or  condyles  of  the  femur,  and  in  Syme's  or 
Pirogoff's  amputation  at  the  ankle,  the  patient 
should  be  able  to  bear  his  whole  weight  on  the  stump  without  difficulty. 

Morbid  Conditions  of  Stumps. — Septic  osteo-myelitis,  that  is  to  say, 
septic  inflammation  of  the  medulla  of  the  bone,  when  the  canal  has  been 
opened  in  removing  the  limb,  is  one  of  the  most  serious  accidents  that  can 
happen  after  an  amputation.  It  most  frequently  occurs  during  the  second  or 
third  week  after  the  operation.  The  symptoms  and  pathology  are  fully  described 
in  the  Chapter  on  Diseases  of  Bone.  It  was  formeriy  a  frequent  cause  of 
pyaemia.  With  the  present  improved  treatment  of  amputation  M'ounds  it  has 
become  excessively  rare. 

Necrosis.— It  not  unfrequently  happens  that  a  small  scale  of  bone  which 
has  been  injured  by  the  saw  dies,  and  is  separated  some  three  or  foiir  weeks 
after  the  operation.  This  occurs  most  frequently  in  those  stumps  which  unite 
by  second  intention,  and  in  which  the  bone  consequently  lies  bathed  in  pus  for 
a  considerable  time.  It  is  to  be  prevented  by  adopting  such  means  of  dressing 
as  shall  ensure  union,  at  any  rate  of  the  deeper  parts,  by  first  intention,  and 
the  chances  of  its  occurrence  arc  reduced  to  a  minimum  if  decomposition  <il 
the  discharges  is  prevented.  Great  care  must  also  be  used  in  sawing  the  bone 
not  to  denude  it  needlessly  of  its  periosteum. 

More  extensive  necrosis  used  to  be  a  fi-cquent  consequence  of  scjitic  osteo- 
myelitis, supposing  the  patient  escaped  the  fatal  complication  of  pyfcinia,  but 
under  the  improved  systems  of  dressing  it  is  comparatively  rare.  In  such 
cases  fistulous  openings  will  be  left  leading  to  the  necrosed  bone,  which 
usually  separates  three  or  four  months  after  the  operation,  after  which  the 
stump  becomes  firmlv  consolidated.    The  seqtrestrum  in  such  cases  proscuts 


Fig.  27. — Endings  of  Nerves 
in  a  stump. 
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29. — Extreme  case  of  Conical 
Stum  11. 


the  following  appearances  : — the  lower  part  is  thick  and  annnlar,  and  includes 
the  whole  thickness  of  the  bone.  It  is  smooth  externaUy,  where  it  has  been 
covered  by  the  periosteum.  About  an  inch  or  less  above  this  it  becomes 
thinner,  is  composed  of  the  innermost  part  of  the  bone — that  which  sm'rounds 
the  medullary  canal — and  it  is  roughened  externally,  where  it  has  separated 
from  the  adjacent  healthy  bone  ;  above  this  it  is  spiculated  and  very  irregular, 
becoming  gradually  thinner 
(Fig.  28).  The  part  of  the 
bone  which  escapes  necrosis 
is  inflamed,  and,  as  a  conse- 
quence of  osteo-plastic  perios- 
titis, new  bone  is  deposited 
abundantly  on  its  surface, 
leading  to  a  great  increase  in 
its  thickness,  which  can  be 
recognised  readily  through  the 
soft  parts. 

Conical  or  "  Sugar-loaf" 
Stumps,  as  they  are  called, 
commonly  form,  either  iu  con- 
sequence of  the  flaps  having 
originally  been  cut  too  short, 
or  from  the  soft    arts  not 

having  been  sufiicieutly  retracted  before  the  bone  was  sawn  ; 
but  in  other  cases  they  may  occur,  though  the  stump  has 
been  skiKully  fashioned,  in  consequence  of  the  soft  parts, 
which  have  been  the  seat  of  inflammation  and  suppuration 
before  the  amputation,  retracting  during  the  process  of 
heahng,  so  as  to  denude  the  bone.  In  such  cases  as  these, 
retraction  and  contraction  of  the  flaps  are  apt  to  go  on  during 
cicatrisation,  so  that  the  bone  may  never  be  covered  at  all,  but  be  exposed  at 
the  bottom  of  an  irritable  ulcer  ;  or,  if  the  soft  parts  do  coalesce,  the  cicatrix 
will  be  unable  to  support  the  shghtest  pressure  without  becoming  ulcerated. 
In  these  circumstances,  the  only  remedy  consists  in  laying  open  the  stump, 
and  cutting  off  about  three  inches  of  the  bone. 

The  patient,  whose  stump  is  represented  in  the  accompanying  figure  (Fig.  29), 
was  under  the  care  of  Christopher  Heath  in  University  College  Hospital.  The 
arm  had  been  amputated  in  the  bush  in  South  Africa.  The  protruding  bone 
was  completely  covered  by  a  thin  cicatrix. 

Aneurismal  Enlargement  of  the  arteries  of  a  stump  is  extremely  rare. 
One  case  has  been  described  by  Cadge  in  which  an  aneurismal  varix  between 
the  posterior  tibial  artery  and  veins  formed  in  a  stump  after  disarticulation  at 
the  ankle-joint  (Fig.  30,  a).  Charters  Symonds  has  recorded  a  case  in  which  a 
small  aneurism  I  of  an  inch  in  diameter,  formed  about  two  inches  above  the 
twisted  end  of  the  artery  after  amputation  at  the  knee  for  injury.  The  stump 
healed  after  prolonged  suppuration.  Nine  weeks  after  the  operation,  and  two 
Aveeks  after  healing,  the  sac  gave  way,  and  the  blood  burst  through  the  scar. 
Tlie  patient  recovered  after  ligature  of  tlie  artery  above  and  below  the  sac. 
He  had  sufi'ered  severely  from  syphilis. 

Painful  and  Spasmodic  Stumps.— The  nerves  in  a  stump  naturally  bi-- 


Fig.  2S. — Keerosetl  end 
of  Peuiiir  from  Stump. 
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come  somewhat  bulbous  (Fig.  27)  ;  and  no  material  inconvenience  results 
from  this  condition.  But  it  occasionally  happens  that  a  distinct  tuberose 
enlargement  forms  in  connection  with  one  of  them,  and  attains  the  size  of  a 
cherry  or  a  walnut  ;  and,  this  being  pressed  against  the  end  of  the  Ijoue,  the 
stump  becomes  the  seat  of  intense  pain  of  a  neuralgic  character,  more  particu- 
larly whenever  it  is  touched,  when  a  sensation  hke  an  electric  shock  is  felt.  In 
such  circumstances,  excision  of  this  bulbous  extremity  of  the  nerve,  or  resection 
of  the  stump  so  as  to  remove  the  end  of  the  bone  and  the  whole  of  the  cicatrix, 
is  necessary,  and  will  effect  a  cure.  Sometimes  a  nervous  twig  may  become 
implicated  in  the  cicatrix  and  compressed  by  it.  Here  a  more  limited  excision 
will  remove  the  pain.  Besides  this  form  of  painful  stump,  which  may  happen 
in  the  strongest  and  healthiest  subjects,  and  is  entirely  dependent  on  local 
causes,  there  is  another  condition  in  which  the  stump  becomes  not  only  the 
seat  of  intense  ]3ain,  but  of  continuous  convulsive  twitchings.  This  form  of 
painful  stump  arises  partly  from  constitutional  causes,  and  most  frequently 
occurs  in  females,  more  particularly  in  those  who  are  hysterical  or  have  been 


Fig.  30. — Aneurisiiial  Varix  iu  Stump. 


subject  to  neuralgic  pains  elsewhere.  In  these  cases  the  general  cutaneous 
sensibility  of  the  stump  is  increased  :  it  is  the  seat  of  convulsive  jerkings  or 
twitchings,  and  the  pain  is  more  or  less  intermittent,  being  increased  under 
the  influence  of  various  emotional  and  constitutional  causes.  The  treatment 
of  this  condition  should  be  conducted  on  the  general  principles  that  will  be 
fully  discussed  when  we  come  to  speak  of  neuralgia.  No  excision  of  the 
nerves  of  the  stump,  or  even  amputation  higher  up,  is  of  any  avail ;  the 
disease,  being  constitutional,  will  certainly  return  in  each  successive  stump, 
until  at  last  the  shoulder  or  the  hip  may  be  reached  without  any  pennanent 
benefit  to  the  patient. 

Occasionally  after  amputation  a  condition  of  chronic  or  subacute  neuritis, 
Avith  sclerosis  of  the  nerve,  is  set  up,  which  has  a  tendency  slowly  but  steadily 
to  extend  upwards,  involving  new  nerves  as  it  goes,  and  finally,  perhaps,  lead- 
ing to  changes  in  the  spinal  cord  itself.  The  symptoms  and  treatment  art' 
those  of  chronic  neuritis,  which  will  be  fully  described  under  Injuries  ol' 
Xerves. 

Recurrence  of  the  Disease  for  which,  the  Amputation  was  per- 
formed is  not  of  uncommon  occurrence  in  cases  of  strumous  diseases  of  hones 
and  in  malignant  tumours.  In  the  former  case,  amputation  higher  up  may  be 
advantageously  ])erf()rmed  ;  but  in  the  latter,  it  is  justifiablc  only  when  there 
is  no  evidence'  of  secondary  growths  in  internal  organs  or  in  the  lymphatic 
glands.  .  . 

Patty  Degeneration  of  the  nniscles  of  a  limb,  arising  from  then-  disuse, 
gives  rise  to  a  peculiar  appearance  in  the  stump.    During  the  amputation,  the 
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muscles  look  like  pieces  of  yellow  wax,  mid  are  firm,  bub  uo  marked  diminu- 
tion in  size  has  taken  place  ;  the  fat  deposited  between  the  fibres,  produces 
atrophy  of  the  muscular  tissue  by  its  pressure  and  occupies  its  place,  so  that 
the  general  size  of  the  limb  and  fulness  of  the  muscle  are  preserved.  Union 
takes  place  in  these  circumstances,  though  somewhat  slowly ;  at  least,  this  lias 
occurred  in  several  cases  in  which  I  have  observed  this  condition.  In  one  of 
these  I  amputated  the  leg  for  disease  of  the  foot  of  nine  years'  standing,  and 
in  another  the  thigh  for  disease  of  the  knee  of  fourteen  years'  standing. 


MOBTALITY  AFTEB  AMPUTATION. 

The  general  causes  of  death  after  operations  have  already  been  considered  ; 
but  we  must  now  examine  some  special  points  connected  with  the  relative 
mortality  after  amputations  of  different  kinds,  and  the  cause  of  the  differences 
that  exist. 

Before  couunencing,  however,  it  would  be  l)etter  in  order,  as  far  as  possible, 
to  avoid  ambiguity,  to  mention  and  define  the  chief  causes  of  death  after 
amputation. 

Shoclc  is  exhaustion  of  the  nervous  centres,  the  result  of  violent  over- 
stimulation by  the  powerful  afferent  impulse  which  arises  from  the  injury  done 
to  the  sensory  nerves,  either  by  the  knife  in  amputation  or  by  the  injury 
which  rendered  the  operation  necessary.  Death  usually  occurs,  in  fatal  cases, 
within  twenty -four  hours.  •  ' 

Collapse  is  identical  with  very  se\'ere  shock. 

Secondary  hemorrhage,  as  a  cause  of  death  after  amputations,  is  usually 
limited  to  those  cases  in  which  the  bleeding  occurs  more  than  twenty-four 
hours  after  the  operation. 

Sloughing  of  the  stamp  fi'om  amputating  through  injured  or  diseased  tissues 
is  an  occasional  cause  of  death. 

Septic  Z)«smses.— This  term  is  here  used  to  include  all  those  general  or  local 
affections  which  arise  from  putrefaction  of  the  discharges  of  the  wound,  or 
from  Its  infection  with  those  specific  diseases  which  are  so  commonly  de- 
veloped when  decomposition  of  the  discharges  is  not  prevented,  and  too 
raauy  patients  suffering  from  open  wounds  are  crowded  together  in  too  con- 
fined a  space.  The  chief  varieties  are  ■.—Pycmiia,  a  general  disease,  resulting 
trom  infection  of  the  whole  body  from  the  unhealthy  discharge  of  a  foul 
wound,  and  accompanied  by  secondary  inflammations,  terminating  in  suppura- 
tion m  various  internal  organs  and  other  parts  of  the  body  ;  Septic  infection 
or  bepticaimm,  a  similar  condition,  terminating  fatally,  without  the  occurrence 
of  secondary  local  inflammations  or  abscesses  ;  Septic  Poisoning  or  Saprcvmia 
(often  also  spoken  of  as  septicaemia),  due  to  the  absor]ition  of  the  chemical 
products  of  putrefaction  ;  Traumatic  Fever,  Avhich  is  a  milder  form  of  septic 
poisomug  ;  Hospital  Gangrene,  an  acute  spreading  inflammation,  torminatino- 
rapidly  m  gangrene  of  the  affected  part  ;  Erysipelas,  an  infective  inflamma- 
tion ot  a  specific  nature,  spreading  widely  from  the  wound  and  accompanied 
by  grave  constitutional  disturbance.  All  these  diseases  are  to  be  attributed 
directly  to  foul  wounds  and  overcrowding. 

The  Congestive  pneumonia  f)fteii  mentioned  as  a  cause  of  death  after  aniDu 
tations,  IS  most  probably  always  merely  an  effect  of  septicaemia,  j.^i^mia  or 
septic  poisoning.  '  i-''-'''^"'*^ 
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Lastly,  one  of  the  commonest  causes  of  death  in  Hospital  reports  is  Exhavs- 
tion.  This  term  is  used  with  excessive  looseness.  Some  Surgeons  seem  even 
to  employ  it  occasionally  as  synonymous  with  shock  or  collapse.  In  the 
majority  of  cases,  however,  it  really  means  that  the  patient  is  gradually  worn 
out  by  *  the  profase  discharge  fi-om  a  suppurating  wound,  combined  with 
chronic  poisoning  by  the  absorption  of  the  chemical  products  of  putrefaction. 
In  others  it  means  that  the  patient  died  from  the  eftects  of  severe  tramnatic 
fever,  of  septic  origin,  commencing  on  the  second  day,  before  he  had  fully 
recovered  from  the  shock  of  the  operation.  It  doubtless  covers,  therefore, 
many  conditions  which  should  fairly  be  included  amongst  septic  diseases. 

The  circumstances'  which  more  specially  influence  the  general  results  of 
amputations  may  be  divided  into  three  groups  :— a.  Those  that  have  reference 
to  the  general  constitutional  condition  of  the  patient  ;  ^.  The  occurrence^  of 
shock  and  septic  diseases  ;  and  y.  Certain  conditions  special  to  the  operation 

itself.  J      1,  7 

a.  In  the  first  class  the  most  important  are  1,  the  Age  ;  and  2,  the  bemral 

Health  of  the  patient.  . 

1  Age  exercises  an  important  influence  on  the  result  of  amputations.  As 
a  o-eneral  rule  it  may  be  stated  that,  the  younger  the  patient,  the  greater  the 
hkelihood  of  a  successful  result.  At  an  early  period  of  hfe  there  is  a  greater 
power  of  resisting  the  effects  of  poisoning  by  septic  matter  and  of  loss  ot 
blood  The  feebler  tissues  of  old  people  inflame  and  slough  more  readily  than 
those  of  younger  individuals,  when  exposed  to  the  irritation  of  decomposing 
matter  The  introduction  of  the  antiseptic  treatment  of  wounds  has,  however 
greatlv  reduced  the  dangers  of  amputations  after  middle  life,  ^  olkmanu  of 
Halle  has  published  the  results  of  48  cases  of  major  amputations  performed  m 
patients  above  50  years  of  age.  He  excludes  from  consideration  all  cases  m 
which  the  amputation  was  performed  during  septica3mia,  all  double  amputa- 
tions, and  some  few  cases  in  which  the  patient  died  from  causes  independent 
of  the  operation.  Of  the  48  only  2  died  :  1  of  tetanus,  and  1,  an  habitual 
drunkard,  60  hours  after  the  operation.  The  patients  ages  were,  m  thirty 
cases  between  51  and  60  ;  in  thirteen,  between  61  and  70  ;  m  four,  between 
71  and  80;  and  one  patient,  aged  84,  recovered  from  an  amputation  at  the 
knee  Althouo-h  the  exclusion  of  all  compUcated  cases  makes  these  statistics 
more*  favourable  than  they  would  otherwise  have  been,  the  results  must  be 
looked  upon  as  most  encouraging,  showing  that  under  the  improved  treatment 
of  wounds,  we  may  hope  for  a  fair  degree  of  success  even  in  very  advanced  lite, 
nrovided  that  old  age  is  the  only  unfavourable  condition  present. 

°  The  General  Health  of  the  patient  previous  to  the  operation  exercises 
a  most  powerful  influence  on  the  chances  of  recovery.  The  state  of  the 
kicLvs,  more  especially,  is  of  great  importance :  for  -  -ndition  te^^^^^  more 
certainly  to  a  fatal  termination  than  chronic  disease  of  those  organs,    a  he 

e  u  ts  of  amputation  necessarily  differ  widely,  according  as  the  operation  is 
practised  on  the  healthy  inhabitant  of  a  country  district,  or  on  the  cachectic 
and  debilitated  denizen  of  a  large  town.  ^  ,    .     .  .  i  r^i 

«  The  occurrence  of  Shock  and  Septic  Diseases.-Ont  of  a  tota  of  631 
amputations  collected  from  the  reports  of  some  of  the  Metropolitan  hospitals 
Seen  1866  and  1872,  239  deaths  occurred,  and  of  these  almost  exactly  10 
per  cent,  were  due  to  shock.    Out  of  80  consecutive  cases  a  .^'n^vexsit^ 

c'llece  Hospital  during  the  same  i.eriod,    died  from  shock.    This  cause  of 
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death  is  but  little  under  the  control  of  the  Surgeon,  and  it  is  not  to  be  hoped 
that  the  rate  of  mortality  due  to  it  can  %\Qr  be  materially  diminished. 
The  influence  of  shock  is  necessarily  most  felt  in  primary  amputations. 
Indeed,  its  fatal  results  are  almost  entirely  confined  to  amputations  performed 
within  twenty-four  hom'S  of  the  infliction  of  the  injury.  Fatal  shock,  in  fact, 
is  the  result  of  the  combined  depressing  influence  of  the  injury  and  of  the 
operation.  It  occurs  in  exact  proportion  to  the  severity  of  the  injiuy,  the 
amount  of  loss  of  blood,  and  the  age  of  the  patient.  It  is  often  referable  rather 
to  the  injury  than  to  the  operation  ;  and  it  becomes  a  question  whether,  in 
many  cases  of  serious  and  almost  hopeless  smash  of  a  limb,  it  might  nob  be 
better  to  let  the  patient  expire  in  peace,  than  to  subject  him  to  the  repetition 
of  a  shock  which  his  nervous  system  will  be  utterly  unable  to  endure.  This 
is  more  especially  the  case  in  extensive  crush  of  the  low&v  extremity  up  to  or 
above  the  middle  of  the  thigh,  such  as  is  not  uncommon  at  the  present  day 
from  railway  accidents.  Amputation  through  the  upper  third  of  the  thigh, 
or  at  the  hip-joint,  is  then  the  only  available  operation,  and  it  is  often  done  ; 
but  I  am  not  acquainted  Avith  a  single  case  in  which  it  has  succeeded  in 
general  hospital  practice,  in  men  who  have  arrived  at  full  maturity.  In 
children  and  young  adults  it  has  proved  successful.  The  three  patients  on 
M-hom  it  was  performed,  out  of  the  eighty  University  College  cases,  all  died  of 
shock,  and  the  same  catastrophe  has  happened  in  every  other  case  on  record 
with  which  I  am  acquainted.  It  is  an  operation  that  has  been  abandoned  by 
military  Surgeons  in  cases  of  compound  comminuted  fracture  of  the  femur 
from  bullet-wound  in  this  situation  ;  ought  it  not  to  be  equally  discontinued 
by  ci-v-il  Surgeons  in  those  more  hopeless  cases  of  utter  smash  of  the  lunb  that 
occur  in  their  practice  ?  For  my  own  part  I  shall  never  again,  except  in 
children  and  young  people,  amputate  in  that  situation  for  such  injuries — 
hopeless  alike,  whether  left  alone  or  subjected  to  the  knife  ;  surely  it  is  better 
for  the  patient  to  be  left  to  die  in  peace  than  to  be  again  tortured  by  amputa- 
tion, which  all  experience  has  shown  to  be  useless. 

It  is  of  importance  to  observe,  in  reference  to  these  cases  of  death  from  shock 
after  primaiy  amputations,  that  the  fatal  result  happens  in  a  few  hours,  usually 
within  twenty -four,  of  the  performance  of  the  operation.  Hence,  although  it 
may  be  disposed  to  by  the  previous  condition  of  the  patient,  and  the  influence 
exercised  upon  his  powers  of  endurance  by  the  severity  of  the  injury,  the  loss 
of  blood,  his  age,  &c. — for  death  fi'om  shock  necessarily  occurs  more 
frequently  under  similar  conditions  of  injury  at  advanced  than  at  early 
periods  of  life — yet  it  cannot  in  any  way  be  affected  by  the  conditions  to 
which  the  patient  is  exposed  subsequently  to  the  performance  of  the  opera- 
tion, so  far  at  least  as  hospitals  or  other  external  influences  are  concerned.  We 
must,  therefore,  look  upon  death  from  shock  as  a  part  of  the  accident  to 
which  the  jierson  has  been  exposed,  aggravated,  doubtless,  by  the  further 
depressing  influence  exercised  by  so  serious  an  operation  as  an  amputation 
possibly  high  up  in  one  of  the  limbs.  It  is  interesting  to  observe  that  season 
exercises  an  influence  on  the  liability  to  death  from  shock  after  jDrimary 
amputations.  According  to  Hewson,  of  Philadelphia,  it  is  most  fatal  in 
winter.  The  reason  is  obvious  :  the  cold,  to  which  the  sufferer  has  been 
exposed  after  the  accident,  is  an  additional  cause  of  depression. 

If,  therefore,  we  want  to  lessen  the  mortality  consequent  on  these  opera- 
tions, the  first  point  to  look  to  is  not  to  amputate  needlessly  in  hopeless  cases. 
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in  order  to  give  "a  last  chance"  to  a  patient  wIidsc  vital  powers  have  ah'eady 
been  depressed  to  the  lowest  ebb  by  a  fearful  mutilation.  Sach  amputations, 
which  sometimes  consist  in  little  more  than  the  severance  of  a  limb  still 
attached  to  the  trunk  by  shreds  of  mascle,  ought  scarcely  to  find  their  way 
into  a  statistical  table  professing  to  give  the  results  of  operations  the  majority 
of  which  are  performed  more  deliberately,  and  with  a  better  prospect  of 
success.  Tliey  ought,  in  point  of  fact,  to  constitute  a  class  of  cases  apart ; 
the  more  so,  as  they  are  frequently  complicated  with  internal  injuries  which 
are  not  detected  until  after  the  death  of  the  patient. 

Shock,  as  has  already  been  shown,  exercises  its  influence  chiefly  in  primary 
amputations  ;  far  less  in  secondary  ones  ;  and  disappears  entirely  as  a  cause 
of  death,  in  pathological  amputations,  except  in  a  few  cases  of  such  operations 
as  amputation  at  the  hip-joint  or  shoulder-joint  in  patients  already  greatly 
enfeebled  by  disease.  In  amputation  for  disease  "  exhaustion  "  occupies  the 
same  prominent  position  as  a  cause  of  death  that  shock  does  in  those  for 
injury. 

The  development  of  some  form  of  "  septic  disease  "  is,  however,  far  more  im- 
portant than  shock  as  a  cause  of  death  after  amputation,  first,  because  in 
former  times  these  diseases  proved  fatal  in  a  considerable  proportion  of  all 
cases  operated  on,  and  secondly,  because  they  are  to  a  great  extent,  if  not  al- 
together, preventible.  The  terrible  frequeucy  of  these  diseases  a  few  years 
ao'o  is  shown  by  the  fact  that  out  of  the  631  cases  of  amputation  before  men- 
tioned no  less  than  86  died  from  one  form  of  septic  disease  alone — pyaemia — 
irrespective  of  those  who  are  reported  as  having  died  of  "  exhaustion,"  septi- 
caemia, erysipelas,  and  "low  cellulitis."  Of  the  80  cases  ii'om  University 
College  Hospital  ten  died  of  pyemia  alone.  The  influence  of  this  disease  on 
the  death-rate  was  found  not  only  to  vary  greatly  according  as  the  operation  was 
primary,  secondary,  or  for  disease,  but  also  to  differ  considerably  in  different 
hospitals.  Above  one-third  of  the  deaths  amongst  the  primary  amputations 
were  from  this  cause,  shock  accounting  for  a  quarter.  In  the  secondary 
amputations  44-4  per  cent,  of  the  deaths  were  from  pyaemia,  and  6  per  cent 
from  shock,  and  in  those  for  disease  34*6  per  cent.,  an  amount  nearly  equal  to 
that  of  the  primary  operations.    In  these  operations  shock  rarely  killed. 

The  foregoing  statements  justify  us  in  belieA'ing  that,  if  septic  diseases  could 
be  absolutely  prevented,  no  patient,  who  at  the  time  of  the  operation  is  in  good 
creneral  health,  should  die  of  an  amputation  if  he  survive  the  period  of  shoi-k. 
unless  it  be  fi-om  tetanus  or  the  weakness  of  extreme  old  age.  Secondary  hajmor- 
rhage  is  almost  as  preventible  as  pyseniia  by  the  exclusion  of  septic  influences. 
The  value  of  the  majority  of  amputation-statistics  is  greatly  impaired  by  all  the 
cases  being  put  together  with  no  further  separation  than  into  primary  and 
secondaryrand  we  thus  get  a  very  false  notion  of  the  mortality  occurring  in 
ordinary  cases.  Some  very  valuable  statistics  have  been  published  by  Max 
Schede,  iii  his  work  on  Amputations,  in  which  this  source  of  error  has  been 
eliminated.  The  cases  are  divided  first  into  "  Complicated  "  and  "  Uncom- 
plicated." The  Complicated  cases,  which  are  classed  .separately,  are— :\Iultiple 
or  Double  Amputations  ;  cases  complicated  with  other  severe  injuries  ;  ca.ses 
in  which  the  patient  was  sufi'ering  from  severe  surgical  fever,  septiciemia, 
pyfemia,  or  tetanus,  at  the  time  of  the  opei-ation  ;  and,  la.stly,  cases  which 
terminated  fatally,  or  in  which  the  cure  was  incomplete  after  many  months, 
on  account  of  acute  intercurrent  diseases,  such  as  delirium  tremens,  acut(; 
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pneumonia  (not  of  septic  origin),  or  chronic  diseases,  such  as  phthisis,  Bright's 
disease,  amyloid  degeneration,  secondary  cancer,  &c. 

Secondly,  the  cases  are  divided  into  those  treated  antiseptically  aud  those 
belonging  to  a  period  before  the  introduction  of  antiseptics  and  systematic 
drainage  into  the  treatment  of  amputation  wounds.  The  former  are  taken 
from  the  published  statistics  of  Socin  of  Bale,  Volkmann  of  Halle,  and  Max 
Schede  in  Berhn  ;  the  latter  from  those  of  Bruns  of  Tiibingen,  Bardeleben, 
then  of  Greifswald,  and  Billroth,  then  of  Zurich.  The  cases  treated  by  the 
older  methods  showed  the  following  results  : — 


CASES. 

DIED. 

PER  CENT. 

Uncomplicated  cases  

Double  amputations  

Complicated  by  other  injuries        .  . 

„         by  SepticiEmia,  Tetanus,  &c.  .       .  . 

„         by  constitutional  diseases  . 

Total  

377 
10 
5 
48 
21 

110 

3 
4 
40 
21 

29-  18 

30-  00 
80-00 
83-33 

100-00 

461 

178 

38-83 

These  are  not  worse  than  the  average  statistics  of  amputations  eighteen  or 
twenty  years  ago  in  this  and  other  countries. 

The  cases  treated  antiseptically  by  carbolic  acid  dressings  and  all  the  pre- 
cautions recommended  by  Lister,  show  the  following  results  :  


CASES. 

DIED.        PER  CENT. 

Uncomplicated  cases  

Double  amputations  . 

Complicated  by  other  injuries  .... 

by  Septicemia,  Pysemia,  Tetanus,  &c. 
„         by  constitutional  diseases  . 

Total  . 

... 

321 
13 
11 

45 
27 

14 
3 
8 
30 
16 

4-4 
23-8 
72-72 
66-66 
59-26 

417 

71 

17-02 

The  causes  of  death  in  the  uncomplicated  cases  are  equally  instructive. 


CAUSE  OF  DEATH. 


Pysemia 
Septicaemia  . 
Erysipelas  . 
Tetanus 

Pysemia  sim])lex 
Secondary  luemorrhage 
Old  age 

Shock    .       .       .  . 
Total 


OLD 

ANTISEPTIC 

TREATMENT. 

TREATMENT. 

377  Cases. 

321  Cases. 

72 

0 

19 

1 

2 

1 

0 

1 

6 

1 

3 

1 

2 

1 

6 

8 

110 

14 

The  disease  classed  here  as  pyajmia  simplex  is  blood  poisoning,  arisino-  from 
a  suppurating  wound  without  the  formation  of  secondary  abscesses.  It^would 
be  classed  by  many  authors  as  septicfemia. 

Results  even  superior  to  these  have  been  obtained  at  Jsewcastle-on-Tvne 

VOL,  I.  " 
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Infirmary  by  the  use  of  antiseptics.  Prederick  Paj^e  lias  pnlilisliod  the  results 
of  all  the  amputations  performed  in  that  institution  from  1X7S  to  \>>m).  They 
amount  to  ;]82,  with  a  death-rate  of  only  7"5  per  cent. 

The  following  are  the  statistics  of  ainputations  pei-formed  in  University 
College  Hospital  during  the  fifteen  years  1871  to  1885,  iuclusive.  They  are 
divided  into  three  periods  of  five  years  each.  In  the  first  period  the  majority 
of  the  cases  were  treated  without  antiseptics.  In  the  last  period  almost  every 
case  was  dressed  with  some  efficient  antiseptic  dressing.  The  particular  anti- 
septic used  varied  in  different  cases.  Many  stumps  were  most  successfully 
treated  by  lasting  dressings  of  iodoform  or  sahcylic  wool.  The  antiseptic 
almost  exclusively  used  as  a  lotion,  and  for  the  Surgeon's  hands  and  instru- 
ments, was  carbolic  acid.  The  carboUc  spray  was  used  in  a  certain  proportion 
of  the  cases. 


1 

1871— 

■1875.  i, 
■ 

1 

1876- 

-1880.  i 

1881- 

■  188.5.  1 

CASES.  1 

Dl  ED.  1 

CASES. 

DIED. 

CASE.S. 

Lil  Kll. 

Uncomjjltcated  cases: —  j 
For  injury,  primary  .... 

„        secondary      .       .       .  • 
For  disease  

33 
10 
58 

10 

1  i 
11 

02 

's 

66 

t  ! 

A  ■! 

23 
1 

(■.3 

2 
1 
!) 

CuiiqjUi'atcd  cases : — 
Double  amputations        .       .       .  . 
Other  fatal  injuries  .... 
Amputation  performed  duiinof  tetanus  . 

,,          „  septicsemia 
'..                         »  erysipelas . 

;,          „  gangrene  . 
In  patients  sufEering  from  grave  con- 
stitutional disease,  phthisis,  Brighfs 
disease,  albuminoid  disease,  &;c. 

6 
2 
1 

1 
!) 

3 
2 
1 

0 
5 

3 

2 
() 

1 
1 

1 
1 

3 

1 

2 

1 
1 

2 

Totals  

120 

83 

107 

26  i)4 

17 

Deaths  per  cent. 

27-5 

24-2!) 

i  - 

IS -OS 

The  causes  of  death  amongst  the  uncomplicated  cases  were  as  follows  :— 


CAUSES  01'  DEATH. 


Pyajmia  . 
Septicajmia 
Erysipelas 
Shock  . 
Exhaustion 
Sloughing  of  stump 
Secondary  hiemorrhi 
Cardiac  t'hrombcsis 
I'etanus  . 

Total 


•ni. 

1S71— 1S7.5. 

1870— ISMl. 

ISSl- ISSo. 

I 

0 

2 

1 

0 

(1 

5 

.5 

3 

1 

0 
2 

1 
2 

3 
0 

1 

2 

0 

0 

I 

.   ■    .       .       .    1  0 

(1 

1 

lit 


12 


Of  the  17  fatal  cases  in  the  last  period,  five  were  amputations  at  tlie  hip- 
ioiut  and  two  at  the  shoulder-joint.  •         i  m 

These  tables  show  a  satisfactory  and  progressive  diminution  m  the  deatli- 
ratc,  especially  in  that  arising  from  septic  diseases.    In  fact,  there  has  not 
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been  a  death  from  pyemia  after  amputation  in  University  College  Hospital 
since  1880.  Another  interesting  feature  in  these  statistics  is  the  almost  total 
disappearance  of  secondary  amputations  from  the  colmnn  for  the  last  live 
years,  showing  the  success  that  has  attended  the  treatment  of  compound 
fractures.  The  total  numher  of  amputations  has  also  considerably  diminished  ; 
by  no  less  than  21-6  per  cent,  if  we  compare  the  last  five  years  with  the  first.' 
This  also  is  evidently  in  great  part  due  to  the  success  attending  conservative 
surgery  after  injury.  The  increase  in  amputations  for  disease  is  not  so  great 
as  might  have  been  expected,  as  in  1870  about  twenty  surgical  beds  were 
added  to  the  hospital.  In  spite  of  this  the  number  of  amputations  for  disease 
of  the  knee  is,  in  the  last  period,  only  half  what  it  is  in  the  first— another 
evidence  of  the  advance  of  conservative  surgery. 

The  amputation-mortality  in  my  wards,  from  ISoO  to  1873,  was  lO'l  per 
cent,  for  injury  and  18-1  for  disease,  on  an  aggregate  oF  387  cases,  being 
2;j-8  per  cent,  for  all  cases. 

Although  the  improvement  that  has  taken  place  generally  in  the  ampu- 
tation-mortality is  no  doubt  chiefly  due  to  the  employment  of  antiseptics, 
the  better  hygienic  arrangements  of  modern  hospitals  cannot  be  ignored  as 
a  most  important  factor  in  lessening  the  liability  to  the  generation  of  septic 
diseases.    Many  Surgeons  also,  who  have  not  adopted  any  special  antiseptic 
method  of  treatment,  have  achieved,  by  a  careftd  selection  of  cases,  by  im- 
pro^•ecl  methods  of  operating,  by  perfect  drainage  and  rest,  and  great  atten- 
tion to  cleanliness,  results  which  have  rarely  been  surpassed.     Spence,  of 
Edmbm-gh,  had  once  a  run  of   G3  consecutive  amputations  with  only  3 
deaths.     Amongst  the  most  excellent  results  of  this  class  that  have  been 
pubhshed,  are  those  of  Borland,  of  Kilmarnock,  who  out  of  25  major 
lonmary  amputations  (double  amputations  being  excluded),  had  G  deaths,  or 
24  per  cent.,  and  in  G3  amputations,  secondary  and  for  disease,  only  2 
deaths,  or  3-1  per  cent.     These  results  were  obtained  without  antiseptics, 
by  avoidmg  entn-ely  the  use  of  water  during  the  operation,  the  blood  being 
wiped  away  by  pieces  of  clean  rag,  and  by  leaving  the  wound  to  glaze 
before  brmging  the  flaps  together,  with  perfect  rest  of  the  stump,  which 
was  dressed  with  a  thin  piece  of  rag  smeared  with  lard,  any  discharge  that 
tonned  being  wiped  away. 

y.  The  circumstances  connected  with  the  amputation  itself  that  influence 
materially  Its  result  are,  1.  Its  Seat.  2.  The  Structure  of  the  Bone  sawn.  3. 
Whether  for  Injury  or  iJisease.  4.  If  for  disease,  the  Nature  of  the  aflPcction. 
0.  It  for  injury,  the  Time  that  has  elapsed  before  the  operation. 

].  With  regard  to  the  influence  of  the  Seat  of  amputation  on  the  result  of 
tlie  operation,  it  may  be  stated,  as  a  general  rule,  that  the  risk  is  greater  in 
proportion  as  the  size  of  the  part  that  is  amputated  increases,  and  as  the  hue 
01  amputation  approaches  the  trunk  ;  in  fact,  the  nearer  it  is  to  the  trunk,  the 
gi-eutor  js  the  danger.  The  subjoined  table,  derived  from  the  examination  of 
statistics  of  amputation  in  civil  practice,  collected  from  various  British 
l.ontinenta],  and  American  sources,  shows  clearly  the  increase  in  the  ratio  of 
mortality  as  the  operation  approaches  the  trunk.* 

i^>^^:"^^^^:X:'^^'!S^:^^  ,.r  ,,,n,.n(,,Unusi„  U,o  ..sta,,,!,,,  ,  n, 

UiMt.Ml  Ht.-.f.s  Army  i„  tl  5  Wai  of  1         i)n  '51"'  'i" '"V  ,C""iI'ai>5ii  ;  tlio  ()(ll,..i,U  U,.,,„rt,s  ,.f  the 

an.l  iMtlia'H  Sniwry.  Uobcllm..  ;  lui.l  Mux  adiedu's  work  on  "  A.iiimliitioMs  •  in  liill,-  ,n. 
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SKAT.  ^  CASKS. 

Shoulder-ioint   '117 

Arm      .       .  .  

Fore-arm   lU^/J 

Hip-joiut  46 

Thish   :-^477 

Leo-'   ,  3006 


5b 
375 
109 

19 
122i 
985 


49-5 
28-4 
10-2 
41-3 
35-2 
32-7 


The  death-rate  in  the  above  table  is  higher  for  each  operation  than  it  would 
be  at  the  present  time,  as  the  following  statistics  from  University  College 
Hospital  serve  to  show. 


SEAT. 

CASES. 

DEATHS. 

PER  CEKT. 

Shoulder-joint  . 

17 

25 
44 
12 
116 
76 
33 

6 
3 
7 
9 
33 
14 
1 

35-3 
12-0 
16-9 
75-0 
28-5 
18-5 
3-3 

The  higher  death-rate  in  the  amputations  of  the  fore-arm  was  due  to  the 
fact  that  two  were  cases  of  disease  in  extreme  old  age,  and  oue  was  performed 
as  a  last  chance  of  saving  a  case  of  tetanus. 

If  we  turn  to  the  records  of  military  sm-gery  we  find  similar  results.  In 
the  war  of  the  American  rebeUion  the  percentages  of  mortality  were  as  follow, 
showing  markedly  how  rapidly  it  runs  up  m  accordance  with  the  size  of  the 
part  removed  :  fingers  and  hand,  TG  ;  wrist,  5-5  ;  fore-arm,  IG'o  ;  arm,  21-2  ; 
shoulder,  39-2  ;  partial  of  foot,  9-2  ;  ankle-joint,  13-4  ;  leg,  26  ;  knee,  55  ; 

thigh,  64-4  ;  hip,  85-7. 

Not  only  is  there  this  increase  in  the  rate  of  mortality  as  the  operation 
approaches  the  trunk,  but  in  the  larger  limbs,  more  especially  m  the_  thigh, 
every  additional  inch  that  is  removed  appears  to  make  a  difference  m  this 
i-pspect.  Thus,  in  our  army  in  the  Crimea,  of  178  amputations  of  the  thigh, 
44  were  in  the  upper  third,  and  of  these  38,  or  8C,  per  cent.,  proved  fatal  ;  68 
were  in  the  middle  third,  and  of  these  41,  or  60  per  cent.,  died  ;  whilst  m  the 
lower  third  the  mortahty  out  of  66  cases  was  37,  or  56  per  cent. 

Not  only  do  the  size  of  the  part  removed,  and  its  proximity  to  the  trunk, 
materially  affect  the  general  mortality  after  amputation  ;  but  these  conditions 
also  influence  the  particular  cause  of  death.  Thus  after  the  smaller  amputa- 
tions as  of  a  toe,  death  occurs  only  in  unhealthy  states  of  the  coustitutiou  or 
from  the  occurrence  of  erysipelas,  or  of  some  other  infective  process  onginatiiig 
in  the  wound.  Death  after  the  larger  amputations  more  frequently  results 
from  causes  connected  with  the  operation  itself,  especially  from  shock  or  from 
exhaustion  from  loss  of  blood  during  the  operation.  The  larger  the  vessels 
divided  the  more  likely  is  secondary  hajmorrhage  to  occnr. 

2  The  Part  of  the  Bone  that  is  sawn  through  may  influence  the  result 
Whenever  the  medullary  canal  is  opened,  if  the  patient  be  exposed  to  bad 
hygienic  surroundings,  and  putrefaction  of  the  discharges  Ix  not  prevented, 
there  is  a  danger  ofteptic  suppnration  taking  Pl'-^^^^"^  '"d 
very  frequently  followed  by  pya^nia.  Amputations  through  the  cancellous  ends 
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of  long  bones  are  comparatively  free,  from  this  clangei-,  and  consequently  sliow 
a  lower  mortality.    In  disarticulations  this  complication  can  hardly  occur. 

3.  The  mortality  resulting  from  amputations  is  influenced  to  a  great  extent 
by  the  cause  for  which  the  operation  is  performed,  being  far  greater  in  corre- 
sponding parts  after  injury  than  after  disease.  The  fore-arm,  however,  seems 
to  be  an  exception  to  this  rule,  for  the  reason  that  an  amputation  in  this  region 
causes  little  shock,  and  the  vessels  divided  are  small,  and  secondary  hemor- 
rhage is  rare.  Thus  two  of  the  most  important  causes  of  death  are  eluninated, 
and  a  healthy  patient  usually  recovers.  When  the  amputation  is  performed 
for  disease,  however,  it  is  most  commonly  in  cases  of  tubercular  caries  of  the 
cariDus,  in  which,  owing  to  the  general  condition,  other  means  have  failed  to 
cure. 

The  following  table  gives  the  result  of  numerous  cases  in  civil  practice, 
collected  fi-om  various  sources.    (See  note,  p,  83.) 


1 

SEAT. 

1 

Injury. 

Disease. 

CASES. 

DEATHS. 

PER  CENT. 

CASKS. 

DEATHS. 

PER  CENT. 

Thigh       .       .  . 
Leg      .       .       .  . 
Ai'm  .... 
Fore-arm     .       .  . 

964 
771 
514 
360 

57fi 
356 
180 
38 

59-7 
46-1 
34-4 
10-5 

1465 
1281 
250 
151 

477 
301 
65 
23 

.32-5 
23-5 
26-0 
15-9 

The  following  statistics  from  University  CoUege  Hospital  being  of  more 
recent  date  show  somewhat  better  results. 


Hip  . 
Thigh  . 
Leg  . 
Ankle  . 
Shoulder 
Arm 

Fore-arm 


Injury. 

Disease, 

!  CASES. 

DEATHS. 

PER  CENT. 

CASES. 

DEATHS. 

PER  CENT. 

2 

1 

50-0 

10 

8 

80-0 

26 

12 

46-1 

90 

21 

23-3 

34 

9 

26-5 

42 

5 

11-9 

5 

0 

0 

28 

3-6 

6 

3 

50-0 

11 

I 

27-3 

17 

1 

5-8 

8 

25-0 

22 

3 

13-6 

22 

I 

18-1 

The  Shock  inflicted  by  the  injury,  with  its  subsequent  evils,  is  the 
principal  reason  for  the  greater  mortality  after  amputations  for  injury 
than  after  those  for  disease.  After  amputation  for  injury,  also,  there  is  a 
greater  liabdity  to  the  occurrence  of  gangrene  of  the  stiimp,  as  the  incisions 
may  be  carried  through  tissues  which,  though  appai-eutly  sound,  may  be  so 
bruised  as  to  be  beyond  recovery.  Pyaamia,  formerly  as  frequent  in  primary 
as  in  secondary  amputations,  should  now  be  equally  rare.  Exhaustion  is 
more  frequent  after  removal  of  a  limb  for  disease,  as  in  many  cases  the 
operation  is  necessarily  performed  on  patients  already  weakened  by  long- 
Illness.  In  many  forms  of  disease,  however,  especially  in  affections  of  bones 
and  joints,  it  will  be  found  that  those  patients  do  best  in  whom  the  disease  is 
most  chronic. 

_  The  Nature  of  the  Disease  for  whicli  the  amputation  is  perfoi'med 
influences  Its  mortality.  Thus  amputations  for  malignant  growths  are  more 
tatal  than  those  for  caries  of  bone  or  diseased  joints.    In  cases  of  diseased 
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joint,  there  is  a  greater  tendency  to  recover  when  the  affection  is  of  a  simple 
than  when  it  is  of  a  tuberculous  nature.  Birkett  has  pointed  out  that  disease 
of  internal  organs,  often  of  the  same  nature  as  that  for  which  the  operation 
is  performed,  is  found  after  death  in  a  large  proportion  of  patients  who  die 
after  amputation.  When  suppurative  disorganisation  of  a  joint  is  verj-  acute, 
amputation,  more  particularly  if  the  affected  articulation  be  of  large  size,  as 
the  knee,  is  attended  by  very  unfavourable  results.  In  these  ca.ses  the  patient 
is  usually  suffering  from  severe  febrile  disturbance,  the  result  of  absoqition  of 
septic  matter  fi-om  the  diseased  joint,  and  amputation  mider  such  circumstances 
is  frequently  followed  by  fatal  septic^fimia.  But  when  the  disease  has  once 
become  chronic,  the  precise  period  at  which  the  amputation  is  perfomied 
exercises  but  little  influence  on  the  mortality,  provided  it  be  not  deferred  to 
too  late  a  stage,  when  the  patient's  constitution  is  Avorn  out  by  hectic. 

Amputations  of  expediency — those  performed  for  the  convenience  of  the 
patient,  as  in  cases  of  talipes  or  ankylosis,  but  not  necessary  so  far  as  life  is 
concerned— are  especially  fatal.  Bryant,  in  1859,  showed  that,  at  Guy's 
Hospital,  death  had  foUowed  in  40  per  cent,  of  these  amputations  in  the  lower 
extremity. 

5,  In"  amputation  in  cases  of  injury  an  important  question  has  to  be  deter- 
mined, viz.,  the  influence  exercised  by  the  Time  that  has  elapsed  from  the 
infliction  of  the  injury  to  the  performance  of  the  amputation.  Not  only  the 
rate  of  mortality,  but  the  conditions  that  immediately  occasion  the  fatal  event, 
are  influenced  by  the  period  at  which  the  operation  is  performed. 

Amputations  for  injury  are  commonly  divided  by  Sm-geous  mto  Primary 
and  Secondary :  the  primary  being  those  that  are  performed  dm-iug  the  first 
twenty-four  or  thirty  hours,  before  any  spreading  inflammation  or  traumatic 
fever  has  developed  itself.  By  secondary  amputations  many  Surgeons  mean 
those  operations  that  are  practised  after  the  first  twenty-four  hours  :  whilst 
others  again  more  correctly  restrict  the  term  to  those  that  are  done_  after 
suppuration  has  been  fully  e^stablished,  and  the  surgical  fever  is  beginning  to 
subside  as  granulation  tissue  springs  up  to  present  a  barrier  to  the  absolution 
of  the  septfc  poison  by  the  lymphatics.  Those  who  thus  limit  the  use  of  the 
term  secondctry,  call  all  the  operations  performed  between  the  end  of  the  first 
day  and  the  period  of  full  suppuration  "  intermediate."  The  distinction  is 
of  some  importance,  as  operations  performed  during  high  surgical  fever  are 
extremely  fatal.  In  the  following  tables,  the  cases  are  divided  merely  into 
priniarv  'and  secondary.  The  first  is  from  my  own  practice  at  University 
College  Hospital.  The  cases  in  the  second  have  been  collected  from  various 
sources,  and  the  table  shows  the  relative  results  of  primary  and  secondary 
operations  in  civil  practice  previous  to  1870. 

RESULTS  or  PEIMAKY  AND  SECONDAHY  AMPUTATIONS  IN  CASES  OF  INJURY, 

(1869.) 


I'ri'mary, 

1 

Scrondari/.  | 

.SKAT. 

CA.SE.S. 

DEATHS.  1 

CASKS.  DEATHS. 

Thigh 

Leg  and  Foot      .  . 
Shoulder  and  Arm  . 
Fore-arm     .      .  . 

15 
c. 

^  i 

2 
(I 

21        !        14  ! 
i(i       i        :i  1 

5         !           2  1 
1  0 

Total  . 

4.S 

IS  J 

43        1  15> 
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SEAT. 

Primary. 

Secondary. 

CASES. 

DEATHS. 

PER  CENT. 

CASES. 

HIT  A  TT-TCl 

PKR  CENT. 

Thigh 

235 

153 

65-1  . 

156 

85 

54-4 

LesT 

405 

178 

43-9 

150 

72 

48-0 

Arm  .... 

276 

79 

28-6 

75 

32 

42-0 

Fore-arm     .       .  . 

190 

16 

8-4 

27 

0 

22-2 

Total  . 

1106 

426 

38-5 

408 

195 

47-7 

While  the  percentage  of  deatlis  after  primary  amputation  of  the  thigh 
exceeds  that  after  secondary  amputation,  the  rate  of  mortality  in  amputations 
of  the  leg,  fore-arm,  and  ann  is  greater  after  the  secondary  than  after  the 
primary  operation,  especially  in  the  upper  limb.  Primary  amputation  of  the 
thigh  is,  indeed,  one  of  the  most  fatal  operations  in  Surgery,  the  danger 
increasing  in  proportion  to  the  height  at  which  the  limb  is  severed.  It  is 
least  in  those  cases  where  the  operation  is  done  for  injury  of  the  leg  or  knee- 
joint,  and  greatest  when  it  is  performed  for  compound  fracture  of  the  femur, 
recovery  being  then  veiy  rare.  This  excess  of  mortality  after  primary  ampu- 
tation of  the  thigh  must  be  referred  mainly  to  the  intensity  of  the  shock, 
whether  produced  by  the  operation  itself,  or,  as  is  more  often  the  case,  by  the 
injury  which  has  rendered  its  performance  necessary. 

In  primary  amputations  of  the  leg,  arm,  and  fore-arm,  however,  the  influence 
of  this  cause  is  relatively  less,  while  in  secondary  amputations  of  these  parts, 
as  well  as  of  the  thigh,  shock  is  much  less  intense.  In  these,  the  danger 
arises  from  pyaemia,  gangrene,  diffuse  inflammation,  secondary  htemorrhage, 
and  all  those  morbid  conditions  that  are  favoured  by  defective  hygienic  circum- 
stances and  decomposition  of  the  discharges  from  the  wound.  These  causes 
appear  to  exercise  a  more  uniformly  unfavourable  influence  over  the  secondary 
amputations  than  shock  does  over  the  primary. 

In  military  practice,  secondary  amputation  is,  in  general,  more  fatal  than 
primary.  Thus,  Faure  saved  only  30  out  of  300  secondary  amputations, 
whdst  Lari-ey  saved  three-foiu-ths  of  those  in  which  he  amputated  primarily. 
In  the  Peninsular  war,  the  mortality  after  secondary  amputation  of  the  upper 
extremity  was  twelve  times,  and  after  secondary  amputation  of  the  lower 
hmb,  three  times,  as  great  as  after  primary  amputation  of  these  parts.  In  the 
British  army  in  the  Crimea,  the  relative  rates  of  mortality  per  cent,  after 
primary  and  secondary  amputations  were  as  follows  :— after  priinarij  amputa- 
tions at  the  shoulder,  26  ;  of  the  arm,  17  ;  of  the  fore-arm,  3  ;  of  the  thigh, 
02  ;  of  the  leg,  30  ;  and  of  the  foot,  17  ;  after  secondary  amputations  at  the 
shoulder,  OG  ;  of  the  arm,  31 ;  of  the  fore-arm,  28  ;  of  the  thigh,  80  ;  and  of 
the  leg,  70.  That  is  to  say,  for  the  upper  extremity,  the  whole  rate  of  deaths 
after  primary  was  15,  against  41  after  secondary  amputations  j  whilst,  for  the 
lower  extremity,  excluding  the  foot,  it  was  46"  per  cent,  for  the  primary  as 
against  78  for  the  secondary. 

In  the  American  army  during  the  war  of  the  rebellion,  the  mortality  after 
primary  amputation  of  the  thigh  was  54-13  per  cent.  ;  and  after  secondary 
amputation,  74-76. 

Not  only  did  the  mio  of  mortality  differ  in  primary  and  secondai-y  amputa- 
tions, but  also  the  cause  of  death.    In  the  cases  from  which  the  above  statis- 
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tics  were  drawn,  primaiy  amputations  were  most  frequently  fatal  from  shock, 
liceuaorrliage,  and  exhaustion,  although  death  from  pyaemia  and  septicaamia 
was  by  no  means  rare.  Secondary  amputations  for  injury  most  commonly 
carried  oft"  the  patient  by  the  supervention  of  septic  diseases.  Amongst  the 
secondary  affections  that  were  of  most  frequent  occurrence,  gangrene  of  the 
stump  stood  in  the  first  place,  especially  after  amputation  of  the  thigh,  and 
more  particularly  if  the  limb  had  been  in  a  similar  condition  before  the  ampu- 
tation. Then,  again,  erysipelas,  phlebitis  Avith  pyasmia,  secondaiy  hasmor- 
rhage,  and  some  forms  of  visceral  inflammation  or  congestion,  as  pneumonia, 
pleurisy,  and  diarrhoea — aU  probably  due  to  septic  poisoning— often  produced 
death.  Pyemia,  complicated  by  pneumonia,  was  the  most  fi-equent  cause  of 
death  after  secondary  amputation  of  the  leg  and  arm.  Secondary  haemorrhage 
to  such  an  extent  as  to  prove  fatal  was  of  rare  occurrence. 

Summary. — On  reviewing  the  whole  subject  of  the  causes  of  death  after 
amputations,  we  cannot  but  come  to  the  conclusion  that  the  mortality  is 
influenced  chiefly  by  the  hygienic  conditions  to  which  the  patient  is  subjected 
after  the  operation,  and  by  the  success  or  failure  in  the  prevention  of  septic 
processes  in  the  discharges  of  the  wound.  The  evil  influences  arising  from 
exposure  to  an  atmosphere  vitiated  by  the  emanations  from  the  decomposing 
discharges  of  suppurating  wounds,  and  to  those  various  combinations  of 
conditions  that  are  summed  up  under  the  one  general  term  "  i7os/j«fct7w»?," 
exercise  so  important  a  bearing  upon  the  death-rate  after  amputation,  that, 
in  order  to  arrive  at  a  just  estimate  of  the  probable  chances  of  recoveiy  in 
any  given  case,  it  becomes  necessary  to  consider  not  only  whether  the 
operation  be  done  for  injury  or  disease — whether  it  be  primary  or  secondary 
— whether  the  disease  be  simple  or  malignant — whether  the  patient  be  aged 
or  young,  healthy  or  diseased  ;  but,  above  all,  whether,  after  the  removal 
of  the  limb,  the  patient  will  be  exposed  to  those  conditions  that  result  from 
the  aggregation  of  the  sick  and  the  crowding  together  of  foul  suppurating 
wounds. 

"Whatever  explanation  we  may  give  of  the  fact,  it  remains  certain  and 
incontrovertible  that  the  rate  of  mortahty  after  amputation  of  all  limbs  in  the 
large  city  hospitals  of  Great  Britain  up  to  a  comparatively  recent  period  has 
been  at  least  1  in  3.  In  those  of  Paris,  out  of  1,656  amputations,  the  statis- 
tics of  which  were  collected  by  Malgaigue  and  Ti'elat  (Simpson),  803  died,  or 
nearly  1  in  2.  The  Government  statistics  collected  by  Bristowe  and  Holmes 
show  that  in  186 1  the  amputation  death-rate  in  Parisian  hospitals  was  3  in  o, 
and  more  recently  Le  Fort  gives  the  mortality  at  58  per  cent.  In  Germany 
matters  were  not  much  better.  Billroth's  published  amputation-mortality 
was  at  one  time  from  43  to  46  per  cent.  In  the  United  States,  however,  the 
death-rate  was  much  smaller ;  the  mortality  in  the  Penusj-lvania  Hospital 
being  only  about  24  per  cent.,  and  that  of  the  Massachusetts  General  Hospital 
26  per  cent. 

In  military  practice,  the  result  of  the  experience  deduced  from  the  mortality 
following  amputations  during  the  great  modern  wars  is  at  least  equally  un- 
favourable. But  here  there  are  so  many  modifying  and  disturbing  elements, 
that  it  may  be  well  to  exclude  these  cases  from  consideration. 
.  In  fact,  then,  on  taking  the  average  mortality  after  amputation  in  the 
largest  hospitals  in  the  great  centres  of  civilisation,  we  come  to  this  result, 
that  it  commonly  varied  from  60  to  35  per  cent.,  and  did  not  fall  below  24 


MORTALITY  AFTER  AMPUTATIONS.  89 

per  cent.  :  and  that  in  certain  of  tlie  larger  amputations,  as  in  the  upper 
third  of  the  thigh  and  at  the  hip-joint,  it  ran  np  to  from  70  to  90  per  cent. 
Widely  extended  statistical  returns  showed  but  too  plainly  that  these 
figures  were  trustworthy  and  constant,  when  founded  on  sufficient  numbers 
and  carried  over  a  sufficient  length  of  time  to  eliminate  the  influence  of 
accidental  circumstances  operating  for  or  against  the  patient. 

So  constantly  did  these  figures  come  out  in  hospital  returns,  that  Surgeons 
had  almost  come  to  regard  them  as  representing  the  necessary,  or,  so  to  speak, 
the  natural  rate  of  mortality  after  amputations.  But  was  this  so  in  reality  ? 
Was  this  frightful  rate  of  mortality  the  necessary  result  of  the  operation,  and 
thus  beyond  control  ?  or  was  it  dependent  on  causes  that  are  preventable,  and 
that  might  in  great  part,  if  not  wholly,  be  removed  ?  That  it  was  not 
necessary — that  it  was  dependent  on  preventable  causes  was  maintained  by 
Callender,  Lister,  Spence,  and  others  who,  by  diflferent  methods  of  treatment, 
but  all  having  in  view  attention  to  the  hygienic  conditions  of  the  wound  and 
of  the  patient,  obtained  results  far  better  than  those  formerly  prevailing. 
Such  results  are  now  no  longer  exceptional. 

The  statistics,  quoted  in  a  former  page  from  Max  Schede's  work  on  ampu- 
tations, show  what  can  be  accomplished  by  the  antiseptic  treatment.  The 
system  adopted  by  the  Surgeons,  from  whose  practice  those  statistics  were 
collected,  was  that  recommended  at  that  time  by  Lister.  It  matters  httle, 
however,  what  method  of  dressing  is  adopted,  so  long  as  the  decomposition  of 
the  discharges  is  absolutely  prevented.  This  is  the  principle  of  antiseptic 
surgery  ;  but  the  best  means  of  carrying  it  out  has  probably  yet  to  be  dis- 
covered. Whenever  antiseptic  treatment  is  efficiently  carried  out,  by  what- 
ever means  it  may  be  accomphshed,  the  wound  ceases  to  be  a  source  of 
infection  and  of  contamination  to  the  surrounding  atmosphere,  and  the 
results  of  hospital  practice  may  then  equal  the  best^that  can  be  obtained  in 
private. 

Up  to  1869  Surgeons  had  no  opportunity  of  obtaining  a  knowledge  of  the 
results  of  amputations  on  a  large  scale,  except  such  as  had  been  furnished  by 
the  statistical  reports  of  hospitals  ;  but  in  that  year  Sir  James  Simpson  collected 
from  small  country  hospitals,  and  from  private  practice  in  manufacturing  and 
mining  districts,  in  which  amputations  are  of  common  occurrence,  statistics 
which  proved  satisfactorily  that  in  the  time  before  the  modern  improved 
methods  of  ti-eating  wounds  were  fully  understood,  the  aggregation  of  patients 
sufFermg  from  open  wounds  in  one  building  exerted  a  powerful  influence  on  the 
proportion  of  deaths. 

_  Simpson  collected  the  particulars  of  2,098  amputations  of  all  kinds  occurring 
in  the  country  and  in  private  practice  in  towns  ;  of  these  229  died,  or  1  in  9-2  ; 
whilst  of  an  almost  equal  number,  viz.,  2,089  amputations,  performed  in  the 
large  city  liospitals  of  Great  Britain,  855  died,  or  1  in  2-4. 

It  is  (|uite  possible  that  Simpson's  figures  were  not  absolutely  but  only 
approximately  correct,  and  that  certain  sources  of  fallacy  had  intruded  them- 
selves, more  especially  with  regard  to  the  condition  of  the  patient  hcfore  the 
operation,  to  which  undoubtedly  great  importance  must  be  attached  (vide 
p.  78).  But  still,  making  full  allowance  for  all  this,  the  difference  between 
the  two  sets  of  cases  is  so  great,  that  the  conclusion,  viz.,  that  the  mortality 
alter  amputation  in  hospital  practice  was  nearly  four  times  as  great  as  when 
the  same  operations  were  performed  out  of  hospital,  cannot  be  very  materiallv 
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aliected  ;  aiid  it  was  impossible  to  escape  from  fclie  infereuce  that  the  high 
hospital-mortality  was  greatly  influenced  by  the  exposm-e  of  the  patient  to 
those  septic  conditions  existing  in  the  air  of  large  hospitals,  which  have  been 
so  ably  and  graphically  described  by  Parkes,  and  which  exercise  tlie  most 
injm-ioiis  effect  on  patients  with  large  wounds  who  are  exposed  to  them. 

That  in  the  absence  of  eflBcient  antiseptic  and  hygienic  precautions  those 
septic  influences  may  eventually  saturate  hospitals,  and  exercise  a  most  im- 
portant influence  in  causing  fatal  pyemia,  septicasmia,  and  osteo-myelitis, 
after  amputations,  from  which,  as  has  already  been  shown,  a  large  pro- 
portion of  those  operated  on  formerly  died,  is  evident  from  the  following 
considerations. 

1.  From  the  commencement  of  this  century  up  to  a  comparatively  recent 
period— during  what,  in  fact,  may  be  termed  the  pre-sanitarj^  age— no  im- 
provement had  taken  place  in  amputation-mortality  in  hospitals. 

2.  The  prevailing  high  rate  of  mortality  varied  greatly  in  different  hospitals 
in  the  same  town,  in  which  tbe  patients  were  of  the  same  class  of  society, 
followed  pretty  much  the  same  occupations,  and  were  subjected  to  the  same 
kinds  of  injuries  and  diseases  ;  the  hospitals  being  ofiicered  by  Surgeons  of 
equal  professional  skill,  and  the  only  inequality  existing  being  in  the  different 
sanitary  conditions  to  Avhich  the  patients  were  exposed  in  different  hospitals. 

3.  The  difference  in  the  amputation-mortality  in  different  Ivondon  hospitals 
varied  from  18  and  25  to  47  per  cent.  In  Calcutta,  the  death-rate  after  thigh 
amputations  varied  in  different  hospitals  fi-om  42  to  80  per  cent.  (Downie). 

4.  Of  late  years,  this  excessive  amputation-mortality  has  been  materially 
reduced  in  all  hospitals. 

5.  This  reduction  is  contemporaneous  with,  and,  as  all  the  other  conditions 
rontmue  as  before,  is  dependent  upon  the  emplojonent  of  antiseptics  in  the 
treatment  of  wounds,  and  the  greater  attention  paid  to  hospital  hygiene. 

6.  In  mihtary  practice,  the  rate  of  mortahty  after  amputation  has  been 
found  to  be  in  the  direct  ratio  of  the  aggregation  of  the  wounded  ;  and  infec- 
tive processes  of  septic  origin  may  to  a  very  great  extent  be  averted  by  isola- 
tion of  the  patients. 


SPECIAL  AMPUTATIONS. 


9^ 


CHAPTER  III. 


SPECIAL  AMPUTATIONS. 

Theee  are,  as  has  ah-eacly  lieeu  stated  at  pp.  57 — G 9,  three  distinct  methods 
of  amputating  limbs,  viz.,  the  flap,  the  circular,  and  the  oval.  The  choice  of  the 
method  influences  the  shape,  and  to  a  certain  degree,  perhaps,  the  utility  of  the 
resulting  stump.  But  it  in  no  \Yay  affects  the  safety  of  the  patient,  which  is 
dependent  on  far  different  and  far  more  important  conditions  than  the  manner 
in  ^vhich  the  Surgeon  shapes  his  incisions  for  the  removal  of  the  diseased  or 
injured  limb  (p.  52).  A  sldKul  Surgeon  will  be  able  to  produce  a  satisfactory 
stump  by  any  one  of  the  three  methods,  and  it  is  desirable  that  he  should  be 
able  to  practise  all.  For  although,  as  a  general  rule,  one  method  may  be  more 
a])plicable  than  another,  yet  exceptional  cases  occur-  at  times  in  which  it  may 
be  advantageous  to  depart  fi'om  the  method  usually  adopted,  and  employ  one 
of  the  others.  In  fact,  a  Surgeon  should  be  eclectic  in  his  method  of  ampu- 
tating, and  should  select  that  which  is  most  suitable  to  the  circmnstances  of 
the  case  before  him.  The  flap  method,  or  the  combined  flap  and  circular,  is 
that  to  which  most  Surgeons  give  the  preference  in  this  country. 

In  describing  this  or  any  other  method  of  amputating,  precise  rules  may  be 
laid  down  for  its  perfoi-mance  through  sound  structures.  But  it  often  happens, 
especially  in  cases  of  injury,  that  the  destruction  of  tissue  is  so  irregular  as 
to  compel  the  Surgeon  to  depart  from  definite  rules  of  practice,  and  to  shape 
his  flap  as  best  he  may  from  the  uninjured  soft  parts  ;  but  so  efiicient  is  the 
moulding  process  of  nature,  that  provided  suflficient  integumental  covering  be 
left  on  the  muscles  and  bones,  a  stump  that  at  first  looks  very  irregular  and 
perhaps  some\vhat  unsurgical,  will  in  a  short  space  of  time  acquire  a  regular 
outline  and  smooth  surface,  and  may  be  eventually  in  all  respects  as  useful  as 
one  that  may  ft-om  the  first  have  been  fashioned  more  artistically. 

Amputations  op  the  Hand.— The  Fingers  often  require  amputation  for 
nijury  or  disease,  more  especially  as  the  result  of  bad  whitlow.  In  many  cases 
the  ungual  phalanx  Ijecomes  necrosed,  and  may  usually  most  readily  be  removed 
without  amputation,  by  making  an  incision  through  the  pulp  of  the  finger  and 
thun  extra(;ting  the  diseased  bone,  thus  saving  the  nail  and  pulp,  w  hich  will 
form  an  excellent  end  to  the  finger  ;  and,  if  the  operation  be  done  in  early 
childhood,  a  new  and  movable  phalanx  may  form.  Should  amputation  be 
required,  it  may  either  be  done  by  cutting  into  the  joint  from  its  dorsal  aspect 
with  a  narrow-bladed  bistoury,  and  making  the  flap  from  the  palmar  aspect  by 
cutting  from  within  outwards  :  or  the  flap  may  conveniently  be  made  ii-oin 
the  palmar  surface  by  transfixion,  and  then  cutting  across  the  joint  (Fig.  8i>), 
In  amputating  the  ungual  phalanx  from  the  dorsal  aspect,  the  Surgeon  must 
stand  facing  the  hand  ;  the  finger  must  be  flexed  forcibly,  so  that  the  last 
phalanx  is  at  a  right  angle  to  the  next.  The  incision  to  open  the  joint  must 
be  made  in  continuation  of  an  imaginary  line  drawn  along  the  sidc^  of  the 
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Fig.  31.— Amputation  of  Part  of  a  Fiuger  by^cutting  froin  Above. 


Fig.  32.  -Amputation  of  a  Finger.    Cutting  tlie  Flap  by  Tran.snxion 


point  on  the  other  side,  the  Surgeon  cutting  from  his  lett  to  his  right  side  ot 
the  finder.  As  the  joint  opens,  the  lateral  ligaments  must  be  touched  with 
the  point  of  the  knife.    As  these  are  divided,  the  first  two  phalanges  must  be 
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extended  while  the  ungual  phalanx  is  still  further  flexed.  The  knife  is  then 
to  be  passed  with  a  sawing  motion  towards  the  palmar  surface  of  the  phalanx, 
the  edge  being  turned  slightly  towards  the  bone.  Finally  the  ungual  phalanx 
is  to  be  fully  extended,  and  a  flap  cut  including  the  whole  pulp  (Fig.  31). 
"When  any  difficulty  is  experienced  in  finding  the  joint,  it  is  either  from  taking 


Fig.  33.- Amputation  of  a  Finger.   Removing  the  Heiul  of  tlio  Metacarpal  Bone. 

a  wrong  line,  or  from  the  presence  of  a  small  rheumatic  exostosis  on  the  base 
ot  the  ungual  phalanx. 

In  amputating  by  transfixion  from  the  palmar  surface,  the  finger  must  be 
extended  with  the  palmar  surface  towards  the  Surgeon.  The  knife  must 
be  made  to  transfix  the  finger  as  close  to  the  bone  as  possible,  and  in  such  -i 
way  that  the  back  is  one-eighth  inch  on  the  distal  side  of  the  crease  coiTe- 
spouc  ing  to  the  joint.  A  flap  of  sufficient  length  is  then  cut,  which  must  be 
raised  and  held  out  of  the  way  by  an  assistant.  The  joint  is  then  opened  the 
operator  bending  the  last  phalanx  forcibly  backwards  to  init  the  anterior 
ligament  on  the  stretch.    Finally,  the  phalanx  is  removed  by  carryino-  the 
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kuifo  thvong-h  fclie  joint,  no  flap  being  made  fi-om  the  dorsal  aspect  (Fig.  - 
In  doing  this  care  nmst  be  taken  to  avoid  cutting  too  higli  nj)  and  so  mis- 
taking tlie  depression  above  the  head  of  the  second  phalanx  for  the  articu- 
lation. 

Amputation  is  performed  bet\Ycen  the  proximal  and  second  phalang(.'s  in  the 
same  Avaj  ;  but  as  a  stump  composed  of  the  first  phalanx  is  of  but  little  use, 
it  is  more  common  to  remove  the  whole  flnger.  In  the  hand  of  a  working 
man,  however,  it  is  perhaps  better  to  save  even  one  phalanx,  as  it  helps  some- 
what to  strengthen  the  grasp  ;  for  the  stump  can  be  strongly  flexed,  ]  tartly 
by  the  action  of  the  interossei  and  partly  by  the  long  flexors  which  form  new 
attachments  at  its  extremity.  In  the  case  of  the  index  finger,  it  will  l>e  better 
always  to  leave  the  proximal  phalanx,  the  stump  of  which  forms  a  useful 
opponent  to  the  thumb. 

Amputation  is  frequently  required  at  the  Metacarpo-plialangeal  Articu- 
lation.   Here  it  may  be  done  in  two  ways  :  either  by  lateral  flaps,  oi-  Ijy  the 


Fig.  31.-  Aiiiimtiitidii  Mftlic  liidrx  Vw^w.    Konioviiif,' tlic  \U-.i'\  of  llif  Mc1;i<mi|«i 


oval  method.  If  by  lalemi J/a/is,  the  adjoining  fingers  shonld  be  well  sepa- 
rated from  the  one  about  to' be  removed,  I)y  an  a.'^sistant  who  grasps  the  hand, 
so  as  to  put  the  integument  on  the  dorsum  upon  the  stretcli.  The  punt  ol 
a  bistoury  is  entered  immediately  al)Ove  the  head  of  tlic  metacarpal  l)onc, 
carried  forwards  to  a  point  opjiosite  tlie  interdigital  web,  drawn  across  the 
side  of  the  linger,  and  then  carried  a  little  way  into  the  palm.  This  same  ^o- 
cess  is  performed  upon  the  opposite  side,  the  flaps  are  dissected  down  by  a  tew 


*  For  tli<;  Coiiservativi-  Surjj.iry  of  tlir  Iliui  l,        rhnyU-r  \lvii. 
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touches  of  the  knife,  the  extensor  tendon  is  divided,  the  joint  opened,  and  dis- 
articulation performed.    The  oval  method,  which  is  undoubtedly  the  best,  as  it 
does  not  wound  the  palm,  consists  in  entering-  the  bistoury  at  the  same  point 
as  in  the  last  case,  carryino-  it  as  far  as  the  point  at  which  the  web  joins  the 
linger  which  is  being  taken  off,  on  the  operator's  right-hand  side  ;  then  across 
the  palmar  aspect,  in  the  line  of  the  fold  in  the  skin  at  the  root  of  the  finger, 
to  the  web  on  the  other  side.    Thus  far  the  incision  may  be  made  without 
taking  the  knife  out  of  the  wound.    The  oval  is  completed  by  putting  the 
point  of  the  knife  in  the  end  of  the  first  incision  and  carrying  it  upwards  to 
the  starting  point,  the  Surgeon's  hand  and  the  handle  of  the  knife,  during 
this  second  part  of  the  operation,  being  over  the  back  of  the  patient's  hand. 
The  two  sides  of  the  oval  should  be  exactly  symmetrical,  and  the  incisions 
from  the  starting  point  to  the  web  should  not  be  straight,  but  slightly  curved 
in  such  a  way  that  their  convexities  look  towards  the  middle  line  of  the  finger 
which  is  being  removed.    By  a  few  touches  of  the  knife  the  oval  flap  is  turned 
back  ;  the  flexor  tendon  is  then  divided  and  the  articulation  opened  from  the 
oi^erator's  right-hand  side  ;  finally  the  finger  is  removed  by  twisting  it  round, 
while  the  edge  of  the  knife  is  pressed  against  the  base  of  the  first  phalanx 
with  a  slight  sawing  movement.    As  a  general  rule,  it  is  better  not  to  remove 
the  head  of  the  metacarpal  bone  with  the  finger,  as  by  so  doing  the  hand  is 
narrowed  and  somewhat  weakened.    If  the  head  be  left,  a  gap  of  some  width 
will  remain  in  the  situation  of  the  finger  that  has  been  amputated  ;  and  should 
it  be  desirable  for  any  reason  to  attem])t  to  diminish  this  deformity,  the  head 
may  be  taken  away  in  the  following  way.    The  incision  must  l)e  commenced 
on  the  dorsum  about  three-quarters  of  an  inch  above  the  head  of  the  metacarpal 
bone,  and  be  carried  straight  downwards  to  a  point  oiDposite  the  head,  where 
an  oval  incision,  similar  to  that  above  described,  is  commenced.    We  thus  get 
Avhat  is  know]i  as  a  "racket-shaped  "  incision.    In  removing  the  middle  and 
ring  fingers,  it  will  be  found  more  convenient  to  take  out  the  head  of  the 
metacarpal  bone  after  disarticulation.    This  is  done  by  cleaning  the  dorsal 
surface  and  sides,  taking  care  to  keep  close  to  the  bone,  and  not  to  let  the 
point  of  the  knife  plunge  into  the  palm,  so  as  to  wound  a  digital  branch  at  a 
point  where  it  could  with  difiiculty  be  secured.    The  bone-forceps  are  then 
applied,  in  a  transverse  direction,  immediately  above  the  head  of  the  bone 
(Fig.  33).    The  operator  then  places  the  ti]i  of  his  fore  finger  in  the  palm  of 
the  hand,  so  as  to  push  the  separated  head  slightly  out  of  the  wound,  while,  at  " 
the  same  time,  he  drags  it  downwards  Avith  his  thumb  placed  on  the  cut  surface 
of  the  bone.    By  a  few  touches  of  the  ])oint  of  the  knife  it  is  easily  turned  out, 
:and  with  the  slightest  care  all  risk  of  wounding  a  digital  branch  is  a^-oided. 
If  it  be  the  index  finger,  the  bone  should  be  cut  obliquely,  so  as  to  shape  it  to 
tlie  tai)ering  form  of  the  hand  (Fig.  34).    Tliis  may  be  done  either  with  the 
bone-forceps  or  with  a  small  saw.    The  saw  has  the  advantage  of  making  a 
smoother  section  and  of  leaving  no  splinters.    If  the  bone  be  cut  directly 
across,  an  ugly  and  in(!Ouvenient  s([U;ire  protuberance,  liable  to  constant 
injury,  will  be  left.    When,  however,  the  patient's  employment  is  one  in 
which  great  strength  and  breadth  of  hand  are  required,  and  where  appearance 
is  of  little  consequence,  the  head  of  the  bone  may  advantageously  remain. 

In  ami)utating  the  little  finger,  with  the  head  of  the  metacarpal  bone,  the 
incision  must  be  commenced  at  the  inner  side  of  the  hand,  at  a  point  corre- 
sponding to  the  middle  of  the  shaft  of  the  bone,  and  carried  straight  down- 
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wards  to  a  point  opposite  the  head,  from  which  the  oval  must  be  begun. 
Tlie  flaps  so  formed  are  most  conveniently  held  out  of  the  way  by  an  assistant 
with  a  pair  of  blunt  hooks  during  the  division  of  the  bone.  This  must  be 
sawn  obliqnely,  as  in  the  case  of  the  index  finger.  As  in  the  index  finger, 
the  head  may  be  left  in  the  hand  of  a  working  man. 

The  after-treatment  of  these  cases  is  extremely  simple.  The  hand  should  be 
put  upon  a  splint,  the  wound  covered  with  some  antiseptic  dressing,  and  the  ends 
of  the  fingers,  with  small  pieces  of  lint  interposed,  tied  together  by  means  of  a 
tape,  care  being  taken,  however,  that  they  do  not  overlap.    The  shaft  of  the 


Fiirs.  35,  3ci,  37.— Kesults  of  Amiratation  above  Metacarpo-Phalangeal  Articulation  in  Middle, 

Index,  and  Etng  Fingers. 


metacarpal  bone  that  is  left  wiU  gradually  atrophy,  and  thus  a  very  taper  and 
shapely  hand  will  eventually  be  left  (Figs.  35,  36,  37). 

In  disease  or  injury  of  the  Thumb  as  little  as  possible  should  be  removed 
by  amputation  ;  for,  if  even  but  a  very  short  stump  of  the  metacarpal  bone  be 
left,  it  will  serve  as  a  useful  opponent  for  the  other  fingere. 

Amputation  of  the  Thuml)  tuith  its  3Ieiacarpal  Bom  is  an  operation  which 
can  very  rarely  be  required.  In  cases  of  injury  the  Surgeon  must  use  all  his 
ingenuity  to  save  even  the  sm.allest  part  of  the  bone,  or  if  any  doubt  exists  as 
to  how  much  can  be  saved,  the  hand  should  be  dressed  antiseptically  and  left 
to  nature,  a  stump  being  fashioned  later  on,  after  the  dead  parts  have 
separated.  By  this  means  more  can  be  saved  in  many  cases  than  at  first 
seemed  possible.  In  cases  of  disease  of  the  metacarpal  bone,  excision  of  tlie 
bone  should  be  preferred  to  complete  amputation.  Sliould  the  operation, 
however,  be  necessary,  it  may  be  done  either  by  the  flap  or  the  oval  method. 
The  flap  method  is  thus  performed  :  The  Surgeon  stands  with  the  back  of  the 
patient's  hand  towards  himself,  the  limb  being  midway  between  pronation  and 
supination,  and  he  holds  the  thumb  l)y  the  ungual  phalanx.  In  operating  on 
the  riqht  side  he  commences  the  incision  immediately  above,  and  a  little  to  th.,' 
palmar  aspect  of  the  tubercle  to  be  felt  at  the  outer  side  of  the  base  of  the 
metacarpal  bone  ;  from  this  point  he  carries  a  curved  incision  passing  imnie- 
diately  Ixdow  the  metacarpo-phalangeal  articulation  on  tlie  dorsal  aspect  to  tlie 
middle  of  the  web  between  the  thumb  and  index  finger.    While  making  this 
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iucisiou,  the  operator's  hands  are  necessarily  crossed,  but  this  causes  no  in- 
conveuience  if  he  leans  slightly  over  the  patient's  hand.    Still  holding  the 


Fig.  38.— Ainputatiou  of  Left  Tliumb  and  Metacarpal  Bone. 


thumb,  the  operator  now  supinates  the  hand,  and  passes  the  knife  by  trans- 
fixion from  the  lower  end  of  the  first  incision,  in  the  web,  to  the  point  at  which 


it  was  commenced,  taking  care  to  keep  the  blade  close  to  the  palmar  aspect  of 
the  metacarpal  bone.    The  palmar  flap  is  now  cut,  the  knife  being  brought 
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out  in  a  line  excacfcly  corresponding  to  the  incision  wbicli  lias  been  made  on  the 
dorsal  aspect.  During  this  part  of  the  operation  the  thumb  must  be  slightly 
adducted,  and  care  must  be  taken  not  to  haggle  over  the  sesamoid  bones,  and 
at  the  same  time  not  to  notch  the  flap  by  turning  the  edge  of  the  knife  too 
much  towards  the  palm  in  trying  to  avoid  them.  The  palmar  flap  being  cut, 
the  Surgeon  gives  the  thumb  to  an  assistant  while  he 
dissects  back  the  dorsal  flap  by  a  few  touches  of  the  knife. 
This  being  accomplished,  he  again  takes  the  thumb,  and 
forcibly  abducts  it,  while  he  carefully  passes  the  knife  down 
towards  the  joint,  along  the  palmar  aspect  of  the  metacarpal 
bone,  separating  the  remaining  attachments  of  the  short 
muscles,  and  finally  opening  the  articulation  from  its  inner 
and  palmar  aspect.  During  this  part  of  the  operation  the 
knife  must  be  kept  turned  towards  the  bone,  so  as  to  avoid 
wounding  the  radial  artery  as  it  passes  between  the  heads 
of  the  first  dorsal  interosseous  muscle.  As  soon  as  the 
joint  is  opened,  the  thumb  should  be  separated  by  twisting 
it  round  while  the  edge  of  the  knife  is  sawn  gently  against 
the  base  of  the  bone.  The  radial  artery,  as  it  winds  below 
the  styloid  process,  is  easily  Avounded  at  this  stage  of  the 
operation,  unless  the  knife  is  kept  constantly  in  contact  with 
the  bone.  In  operating  on  the  left  side,  exactly  the  same 
course  is  followed,  except  that  it  is  not  necessary  for  the 
Surgeon  to  cross  his  hands,  and  the  first  incision  is  made  from 
the  web  to  the  base  of  the  bone,  and  the  transfixion  from  that  point  to  the  web. 

In  the  oval  method  of  amputating,  which  is,  as  a  rule,  to  be  prefeiTed,  the 
incision  is  commenced  opposite  the  outer  tubercle  at  the  base  of  the  metacarpal 
bone,  and  carried  along  the  outer  border  of  the  bone  to  within  about  half-an- 
inch  of  the  head.  From  this  point  an  oval  incision  is  carried  round,  passing 
in  front  over  the  metacarpo-phalangeal  articulation,  thus  completing  a  racket- 
shaped  incision.  The  flaps  are  then  turned  back,  care  being  taken,  if  possible, 
not  to  open  the  metacarpo-phalangeal  articulation,  and  the  operation  is  con- 
cluded in  the  same  way  as  in  the  transfixion  method.  Should  the  metacarpo- 
phalangeal articulation  be  opened,  the  phalanges  must  be  removed,  and  the 
head  of  the  metacarpal  bone  seized  in  a  pair  of  lion-forceps,  after  which  no 
difiiculty  will  be  found  in  finishing  the  operation.  Fig.  40  shows  the  hand 
after  amputation  of  the  thumb. 

The  Metacarpal  Bones,  with  or  without  the  fingers  supported  by  them, 
occasionally  require  removal  for  disease  or  injury.  For  these  operations,  which 
are  not  of  a  very  regular  kind,  it  is  difficult  to  lay  down  definite  rules  :  in 
performing  them,  care  should  be  taken  to  make  good  flaps  of  sutficient  size, 
but  to  avoid  cutting  into  the  palm  if  possible.  It  is  well  not  to  disarticulate 
the  lower  end  of  the  bones,  so  as  to  open  the  wrist-joint,  but  rather  to  cut 
them  off  a  little  above  this  with  bone-forcejis  or  a  metacarpal  saw.  In  injuries 
from  the  explosion  of  powder-flasks  or  gun-barrels,  when  the  hand  is  much 
shattered,  it  is  of  great  consequence  to  avoid  cutting  up  the  palm  to  too  great 
an  extent  ;  and  it  is  well  in  these  cases  to  save  a  finger  if  possible,  which  Mill 
he  of  more  use  to  the  patient  than  any  artificial  limb,  however  ingeniously 
constructed  (Figs.  41  and  42).  When  only  one  finger  is  left,  as  the  index  or 
little  finger,  with  the  thumb,  in  cases  of  partial  amputation  of  the  hand  after 


putation  of  Thumb. 
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in  jury  or  for  disease,  the  digit  that  remains  not  only  becomes  more  mobile 
than  formerly,  but  greatly  increased  iu  size  and  much  stronger,  so  that  its 
utility  is  materially  augmented.  In  all  cases  in  which  the  extent  of  the  injury 
is  doubtful,  the  hand  may  \)q  rendered  thoroughly  aseptic  by  immersion  in  a 

bath  of  carbolic  acid  lotion  (1  to 
20),  or  some  other  efficient  anti- 
septic solution,  for  a  few  minutes, 
and  then  dressed  with  some  anti- 
septic dressing  for  a  week  or  more, 
and  a  secondary  amputation  per- 
formed when  the  limits  of  the 
injury  are  clearly  defined.  If  the 
prevention  of  decomposition  is 
successfully  accomplished,  no  con- 
stitutional or  local  trouble  is 
caused  by  this  mode  of  treat- 
ment, and  the  amount  saved  is 
often  more  than  was  at  first 
expected. 

The  mortahty  after  amputation 
of  the  fingers  and  metacarpal 
bones  is  very  trifling.  Should 
death  unfortunately  occur  after 
such  a  slight  operation,  it  would 
probably  be  by  the  accidental  occurrence  of  some  general  disease,  sucli 
as  erysipelas,  pytemia,  or  tetanus,  to  which  every  wound  renders  a  patient 
liable. 

An  excellent  stump  may  in  some  cases  be  obtained  by  amputating  between 


Fig.  41. — Huiid  after  Amputa- 
tiiju  of  Metacar])al  Bones  and 
First  Two  Finfjers. 


Fig.  42.  -Hand  after 
I'enioval  of  Metacarpal 
Bones  and  Tliree  Fin- 
jrers,  leaving  Thumb 
and  little  Finger. 


Fig.  43.— Amputation  of  the  Wrist  by  Teale's  ineMioil. 


the  carpus  and  metacarpus.  All  tlie  movements  of  the  wrist-joint  remaining 
perfect,  a  very  useful  artificial  hand  can  be  easily  a]:)])lied. 

Amputation  at  the  Wrist  is  not  very  often  retpiired.  In  performing  dis-: 
articulation  at  this  joint,  its  shape,  with  the  convexity  looking  upwards, 
must  be  borne  iu  mind.    The  operation  may  be  jierformed  in  two  ways, 
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the  chief  flap  heiug-  cnt  either  from  the  dorsal  or  pahiiar  surface.  \n 
tlie  hrst  case,  it  is  best  performed  by  Teah's  method  (Fifr.  43)  A  perfectly 
square  flap,  whose  four  sides  are  each  equal  i,i  length  to  half  the  circumference 
of  the  hmb  at  the  IcN'el  of  the  wrist-joint,  is  raised  from  the  back  of  the  hand 
it  must  consist  of  skin  and  fat  only,  tlie  extensor  tendons  being  left;  on  the 
hand.  A  short  palmar  flap,  also  composed  of  skin  and  fat  only,  and  ef.ual  in 
length  to  one-quarter  of  the  dorsal  flap,  is  next  raised.  The  extensor  tendons 
may  now  be  divided  at  the  level  of  the  wrist,  and  the  joint  opened  and  dis- 
articulated.    Lastly,  both  flaps  being  held  well  back,  the  flexor  tendons  are 

smoothly  divided  with  a  single  sweep 
of  the  knife.  The  flaps  must  be 
brought  accurately  together  in  the- 
way  described  on  p.  71,  Fig.  2,5, 
By  this  method  the  dorsal  flap  is- 
somewhat  long  and  thin,  and  is  con- 
sequently liable  to  slough  unless  it 
be  very  carefully  raised,  care  being- 
taken  not  to  tm-n  the  edge  of  the 
knife  to  the  flap,  but  to  keep  it 
constantly  directed  towards  the  part?- 
to  be  removed. 

In  amputation  by  the  long  jJalmar 
flap,  the  operation  has  been  per- 
formed, either  by  cutting  the  flap 
from  within  outwards  after  opening- 
the  wrist-joint,  or  by  shaping  the 
flap  from  the  palm  first  and  dis- 
articulating afterwards.  The  former 
method  is  objectionable,  as  the  pro- 
minence of  the  pisiform  bone  and 
the  hook  of  the  unciform  on  the- 
inner  side  render  its  performance 
extremely  difiieult.  In  the  latter 
method  (Fig.  44)  a  large  flap,  almost 

Fig.  44.-Amputation  at  the  Wrist  by  Long  Palmar  Flap,  gquare  in  shapC,  but  having  its  auglef^- 

rounded  off,ismarked  out  in  the  palm 
by  an  incision,  commencing  at  one  styloid  process  and  terminating  at  the  other. 
The  flap  should  extend  as  far  as  to  within  one  finger's  breadth  of  the  trans- 
verse fold  in  the  palm  opposite  the  heads  of  the  metacarpal  bones.  The 
flap  thus  marked  out  is ,  carefully  raised,  including  everything-  down  to 
the  flexor  tendons.  This  is  done  without  difficulty  till  the  ridge  of  the 
trapezium  and  the  hook  of  the  unciform  are  met  with.  At  this  point 
gi-eat  care  must  be  taken  to  keep  the  edge  of  tlie  knife  turned  towards- 
the  bones,  while  firm  traction  is  exerted  on  the  flaji.  If  this  be  done  it 
will  usually  be  found  that  the  anterior  annular  ligament  and  median  nerve 
have  been  raised  in  the  flap.  When  the  palmar  fla]>  has  been  raised,  a 
curved  incision  is  made  across  the  back  of  the  wrist,  with  its  convexity  down- 
wards, connecting  the  two  extremities  of  the  previous  incision  and  marking- 
out  a  flap  about  one  inch  in  length.  The  wrist  being  forcibly  flexed,  tbc- 
joint  is  now  opened,  and  the  ligaments  divided. 


„  ^  ~  7  

Tlie  hand  is  attached  now 
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oaly  by  the  flexor  tendons,  which  may  be  divided  by  a  single  sweep  of  the 
ivnife — the  jjcihnar  flap  being  carefully  held  out  of  the-  ivay.  The  pahnar  flap 
will  be  found  usually  to  contain  the  median  and  ulnar  nerves  and  the  super- 
ficial palmar  arch,  with  portions  of  the  muscles  of  the  thumb  and  little  finger. 
It  is  better  to  cut  out  a  small  piece  of  each  nerve  where  it  is  exposed  at  the 
base  of  the  flap,  as  the  trunks  might  be  a  source  of  pain  if  pressed  against 
the  ends  of  the  bones,  and  the  branches  supplying  the  palm  of  the  hand  arise 
lit  a  higher  level. 

The  most  common  error  in  performing  this  operation,  and  one  which  must 
be  carefully  guarded  against,  is  commencing  the  incision  for  the  palmar  flap 
too  much  towards  the  palmar  aspect  of  the  wrist,  instead  of  starting  from  the 
iipices  of  the  styloid  processes.  The  base  of  the  flap  may  thus  be  left  very  thin 
nnd  narrow.  In  the  after-treatment  it  is  better  to  place  the  stump  supinated 
on  a  pfllow  above  the  patient's  head,  so  that  it  shall  drain  better,  and  the 
flap  may  have  less  tendency  to  displacement. 

Amputation  of  the  Pore-arm  is  not  unfrequently  required  for  disease  or 
mjury  of  the  wi'ist  or  hand.  In  performing  this  ojieration,  as  long  a  stump 
:should  be  left  as  possible,  so  as  to 
_i>'ive  the  patient  more  power  over 
any  artificial  limb  that  may  lie  fitted 
to  it.  The  operation  may  be  done 
by  equal  dorsal  and  palmar  flaps. 
In  a  muscular  limb  each  flap  must 
J)e  well  rounded  and  equal  in  length 
to  the  antero-posterior  diameter  of 
the  limb  at  the  point  at  which  the 
bones  are  sawn,  as  the  palmar  flap 
especially  has  a  great  tendency  to 
retract.  In  amputating  the  right 
fore-arm,  the  Surgeon  stands  above 
the  arm,  so  as  to  have  his  left  hand 
to  tlie  dorsal  flap,  which  he  will 
have  to  raise  by  dissection.  The 
hand  being  ]3ronated,  the  incision 
for  the  dorsal  flap  is  commenced  at 
the  palmar  aspect  of  the  radius,  is 
carried  forward  for  the  necessary 

distance  parallel  to  this  bone,  and  then  across  the  back  of  the  arm  in  a 
^Ughtly  curved  line,  until  it  reaches  the  palmar  aspect  of  the  ulna;  it 
then  passes  along  this  until  it  reaches  a  point  opposite  to  that  at  which  it 
has  commenced,  and  the  flap  thus  made  is  dissected  back.  Care  must  be 
taken  that  this  flap  is  wide  enough  at  its  free  extremity  ;  it  should  in  fact  be 
n  rectangular  flap  with  its  corners  rounded  oft".  The  palmar  flap  is  next  made 
by  transfixion  (Fig.  45).  As  soon  as  it  is  cut,  the  bones  are  cleared  by  a 
oouplc  of  sweeps  of  the  knife,  and  the  interosseous  membrane  is  divided  ;  the 
J)oncs,  being  of  nearly  equal  size,  are  then  sawn  together.  The  vessels  are  out 
long  and  will  be  found  on  each  side  of  the  pahnar  fla]i  at  the  free  end.  In 
■operating  on  the  left  side  of  the  body,  the  Surgeon  stands  below  the  arm,  with 
his  left  hand,  as  before,  to  the  flaps,  and  the  incision  is  commenced  from  the 
ulnar  side. 


Vv'.  4.J.- 


-Aiiiputatiou  of  tliL'  Kore-ariii. 
<if  tlu'-  Anterior  Flap. 


Transfixion 
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the  ])almar  flap  is  formed  by  transfixion  in  amputation  of  the  fore-arm, 
considerable  inooin-enieuce  is  ofteii  caused  by  the  protrusion  of  the  mass  of 
tendons  and  muscles  included  in;it.  To  avoid  this,  both  flaps  may  lje  made  Ijy 
cutting  f]-oiii  without  inwards.  It  is  advisable  to  make  the  dorsal  flap  a  little 
longer  than  the  palmar,  so  that  the  line  of  the  cicatrix  may  fall  well  away 
from  the  ends  of  the  bones.  The  operation  may  be  thus  performed  (Fig. 
The  Surgeon,  standing  so  as  to  take  the  flaps  in  his  left  hand,  and  holding  the 
arm  with  its  dorsal  surface  upwards,  enters  the  knife  at  the  palmar  edge  of  the 
bone  furthest  from  him.  He  then  marks  out  a  flap  from  the  dorsal  surface, 
equal  in  length  to  two-thirds  of  the  antero-posterior  diameter  of  the  limb  at 
the  point  where  it  is  intended  to  saw  the  bones.  The  flap  must  be  sufficiently 
broad,  and  romided  at  its  corners.  After  raising  this,  taking  only  the  skin 
and  fat,  a  flap  similar  in  shape,  but  half  the  length,  may  be  raised  from  the 
palmar  surface  in  the  same  way.  This  flap  must  be  marked  out  by  drawing 
the  knife  under  the  limb  while  it  is  still  in  the  pronated  position,  but  the  fore- 


Fig.  46.— Ainiiutatidii  of  the  Foi'i'-nna  \>y  Skin  Flaps. 


arm  must  be  supiuated  while  it  is  being  dissected  up.    The  knife  is  now  firmly 
swept  round  the  bones  at  the  level  of  the  angle  of  the  flaps  (Fig.  46),  so  as  t(^ 
divide  the  muscles  circularly  at  this  point.    The  soft  parts  are  now  to  be 
retracted  from  the  bones  by  a  process  of  careful  dissection,  for  a  distance  of 
from  three-quarters  of  an  inch  to  one  inch,  and  the  bones  cleaned  and  sawn 
at  this  point.    The  result  is,  that  the  bones  are  buried  in  the  muscles,  and 
over  all  lie  the  light  skin  flaps,  free  from  any  tension  or  tendency  to  displace- 
ment.   There  Avill  be  a  dependent  opening  -for  the  exit  of  discharges,  and,  when 
healed,  the  cicati-ix  wnll  be  well  to  the  ]ialmar  aspect  of  the  bones,  and  con- 
sequently free  from  pressure.    It  maybe  found, in  retracting  the  nniscles  from 
the  bones,  that  the  anterior  interosseous  arteiy  has  been  cut  in  more  than  one 
place,  this  }nay  cause  some  trouble  in  securing  it.    Great  care  should  there- 
fore be  taken  to  avoid  the  accident,  bykeepuig  the  edge  of  the  knife  constantly 
turned  towards  the  parts  to  be  remoA  ed.    If  the  median  and  ulnar  nerves  are 
seen  to  be  cut  somewhat  long,  they  should  be  pulled  out  with  forceps,  and  cut 
short,  so  as  to  avoid  if  possible  their  implication  in  the  cicatrix  near  the  end 
of  the  bone. 

Amputation  of  the  Arm  may  be  i)erformed  by  the  pure  circular  method! 
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(p.  58),  or  by  the  modified  circular  (p.  Co),  or  by  the  flap  operation. 
The  modified  circular  is  perhaps  the  best,  but  any  method  will  give  good 
results  provided  suificienfc  covering  be  made.  The  covering  should,  as  a  rule, 
be  taken  equally  from  the  two  sides,  as  this  enables  the  operator  to  saw  the 
bone  at  the  lowest  possible  point,  and  the  utility  of  the  stump  will  to  a  great 
extent  depend  on  its  length.  The  fiap  operation  may  be  performed  by  lateral 
flaps  made  by  transfixion  from  before  backwards  ;  the  bone  is  then  well 
cleared  by  a  couple  of  sweeps  of  the  knife,  and  sawn  across.  In  clearing  the 
bone,  care  must  be  taken  fairly  to  divide  the  musculo-spiral  nerve  by  a  firm 
sweep  of  the  knife  round  the  back  of  the  bone  (Fig.  47),  if  the  amputation  be 
performed  in  that  part  of  the  arm  where  this  nerve  winds  round  the  humerus. 
The  operation  is  also  frequently  performed  by  antero-posterior  flaps.    In  this 


Fig.  47. — Amputation  of  the  Ann.    Clearing  the  Bone, 


method  the  anterior  flap  includes  the  biceps  and  brachialis  anticus,  and  the 
posterior  contains  the  triceps.  The  brachial  artery  and  the  median  nerve 
may  be  left  in  cither  flap  as  may  seem  most  convenient  to  the  operator,  but 
care  must  be  taken  that  the  artery  is  not  pierced  during  transfixion.  The 
choice  of  the  operation  depends  somewhat  upon  the  condition  of  the  limb  ;  if 
it  be  very  muscular  the  circular  or  modified  circular  will  give  the  best  results. 

Amputation  of  the  Shoulder-joint  may  be  performed  by  the  fla])  or  the 
oval  method.  If  it  be  required  for  injury  the  oval  is  preferable,  but  the  flap 
method  may  also  be  performed  by  transfixion.  If  it  be  for  a  tumour  of  the 
upper  end  of  the  bone  the  flap  method  by  dissection  will  usually  be  found  the 
l)est  operation.  HaBmorrhage  during  the  operation  must  be  prevented  by  the 
means  described  at  pages  44  and  48. 

In  operating  by  transfixion,  a  long-narrow-bladed  knife  should  be  used. 
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(3ne  assisfcaut  must  have  charge  of  the  limb ;  another  should  raise  the  flap  ; 
and  a  third  must  follou  the  knife  as  it  cuts  behind  the  liumerus,  and  grasp 
the  inner  flap  with  the  axillary  artery,  so  as  to  prevent  ha3morrhage  from  this 
vessel.  An  assistant  holding  the  arm  away  from  the  body,  so  as  to  relax  the 
deltoid,  the  knife,  instead  of  being  entered  by  a  puncture,  should  make  a 
small  cut,  about  an  inch  in  length,  to  the  point  at  which  transfixion  is  to  be 
made,  so  as  to  pre\^ent  that  jagging  of  the  integuments  by  the  heel  of  the 
instrument  \\'hich  would  otherwise  occur.    If  the  operation  be  ou  the  right 


Fig.  4S. -Amiiutation  at  the  Slioukler-joiiit  by  Traiislixion. 


side,  the  Surgeon  stands  before  the  patient,  and  the  point  of  the  knife  should 
be  entered  midway  between  the  acromion  and  the  coracoid  process  (Fig.  4.s) : 
and  being  carried  directly  across  the  joint  and  capsule,  should  pass  out  well 
behind  the  acromion,  and  about  an  inch  below  the  spine  of  the  scapula.  If  on 
the  left  side,  the  Surgeon  stands  behind,  and  the  point  of  the  knife  must  lie 
entered  well  behind  the  acromion  below  the  spine  of  the  scapula,  at  the  posterioi- 
border  of  the  axilla,  carried  across  to  the  anterior  aspect  of  the  joint,  and 
brought  out  on  the  outer  side  of  the  coracoid  process.  In  either  case,  the 
large  flap  containing  the  deltoid  muscle  must  then  be  cut  by  a  swee])  of  the 
knife  downwards,  and  raised  by  the  assistant.  The  heel  of  the  knife  is  now 
to  be  laid  on  the  head  of  the  bone,  the  capsule  of  the  joint  cut  across,  and  the 
attachments  of  the  muscles  to  tlie  tuberosities  divided.  In  order  to  facilitate 
this  part  of  the  operation,  it  is  generally  recommended  that  the  arm  should 
be  can-ied  forcibly  inwards  across ^the  chest.  This  may  readily  be  done  in 
the  dissecting-room,  or  in  actual  practice  when  the  limb  is  removed  for 
disease  of  the  humerus,  the  bone  being  entire  ;  but  in  the  case  of  com- 
minuted fracture  of  the  humerus,  Avith  extensive  laceration  of  soft  parts,  it  is 
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useless  to  attempt  this  manoeuvre.  In  a  case  of  this  kind,  the  head  and  upper 
end  of  the  humerus  being  broken  off  from  tlie  shaft,  the  lever-Kke  action  of 
the  bone  cannot  be  put  in  force,  and  it  is  sometimes  not  such  an  easy  matter 
as  might  at  first  appear,  to  detach  the  head  from  the  glenoid  cavity.  •  In  order 
to  do  this,  I  have,  in  cases  of  comminuted  fracture  of  the  humerus,  in  wliich  I 
was  amputating  at  the  shoulder-joint,  found  it  necessary  after  opening  the 
capsule,  to  seize  hold  of  the  upper  fragment  and  to  draw  it  forcibly  downwards 


Fig.  49. — Amputation  at  the  ShouUler-joint.    Opening  tla'  Capsule,  and  making  Innei'  Flap. 


and  outwards  by  inserting  the  fingers  between  the  head  and  the  glenoid  cavity, 
in  order  to  divide  the  muscles  inserted  into  it.  After  the  head  of  the  bono 
lias  been  turned  out  of  the  glenoid  cavity,  the  knife  must  be  passed  ovei'  it 
and  carried  down  for  a  distance  of  about  three  inches  close  to  the  bone  at  its 
inner  side  (Fig.  49).  The  Surgeon  then  cuts  across  the  soft  parts,  so  as  to 
form  the  inner  flap.  While  he  is  doing  this,  the  assistant  to  whom  tliis  duty 
is  entrusted,  must  follow  the  knife  with  his  hands,  grasping  firmly  the  wliolc 
thickness  of  the  inner  flap,  so  as  to  compress  the  axillary  artery,  and  thus 
prevent  the  occurrence  of  hasmorrhage  (Fig.  50).  The  Surgeon  should  not 
finish  cutting  the  flap  until  the  assistant  tells  him  that  he  holds  the  vessel 
firmly,  and  then  he  must  be  cautious  not  to  injure  his  assistant's  fingers.  The 
artery  will  be  found  to  be  cut  long  in  the  middle  of  the  inner  flap,  and  a  few 
smaller  branches  may  be  required  to  be  tied  at  its  inner  angle,  and  in  the 
deltoid.  The  stump  after  it  is  healed  will  present  the  appearance  shown  in 
Fig.  52. 

Unless  the  deltoid  is  well  developed  and  well  covered  by  subcutaneous  fat, 
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it  is  usually  impossible  to  make  a  flap  suiTiciently  wide  to  fom  an  efficient 
covcrmg  l)y  ti-ansfixion,  aucl  it  must  then  be  raised  by  dissection.  The 
hue  of  tlie  incision  through  the  skin  corresponds  exactly  witli  tliat  just 
described.  In  operating  on  the  right  side  the  Surgeon,  standing  below  the 
shoulder,  grasps  the  arm  and  carries  it  slightly  over  the  trunk;  he  com- 
mences his  incision  well  behind  the  acromion,  and  a  short  distance  below  the 
spme  of  the  scapula,  near  the  posterior  fold  of  the  axilla,  carrying  it  down- 
wards to  the  level  of  the  insertion  of  the  deltoid,  and  then  across  the  outer 
side  of  the  arm  and  upwards  to  a  point  a  little  external  to  the  coracoid 
process.  He  thus  follows  the  ordinary  rule  of  cutting  from  his  left  hand  to 
his  right.  ^  On  the  left  side  the  direction  of  the  incision  is  reversed.  The 
deltoid  being  dissected  up,  the  joint  is  opened  and  the  inner  flap  cut  in  the 


Avay  above  described.  The  deltoid  flap  may  be  raised  by  means  of  a  short 
knife,  should  the  operator  prefer  it ;  a  broad  bistoury  is  very  convenient. 
It  must  be  changed  for  a  long  amputating  knife  after  the  joint  is  opened. 
This  meth(xl  of  operating  is  specially  adapted  to  cases  of  disease,  and  more 
]mrticularly  of  tumour  of  the  humerus,  by  which  the  soft  parts  are  stretched 
and  thinned. 

Amputation  by  antero-posterior  flaps,  or  Lisfrauc's  method,  diflTers  some- 
what from  the  operation  described  abo\  e.  It  is  thus  performed  :— If  it  is  the 
left  arm  that  is  to  be  rejuoved,  the  Surgeon  grasps  the  limb  as  near  the  elbow 
as  possible,  and  carries  it  out  outwards  nearly  to  a  right  angle  with  the  trunk. 
He  then  inserts  the  knife  immediately  in  front  of  the  jiosterior  fold  of  the 
axilla,  and  jjassing  it  forwards,  so  that  it  crosses  the  neck  of  the  humerus  at 
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its  posterior  asi^ect,  immediately  below  the  head,  he  makes  the  point  emergx' 
just  anterior  to  the  acromion.  The  knife  is  then  brought  out  in  such  a  way 
as  to  cut  a  neatly  rounded  flap  some  four  inches  or  more  in  length  from  the 
posterior  aspect  of  the  limb.  The  arm  is  then  crossed  over  the  body,  the  joint 
opened,  and  the  operation  finished  in  the  same  way  as  that  previously  described. 
In  ojierating  on  the  right  side  the  transfixion  is  made  from  immediately  in 
front  of  the  acromion  to  the  posterior  border  of  the  axilla.  The  great  rapidity 
with  which  this  operation  can  be  performed  caused  it  to  be  highly  appreciated 
before  the  invention  of  chloroform.  It  leaves  the  scar,  however,  in  a  more 
exposed  situation  than  Avhen  a  pure  deltoid  flap  is  raised. 

Amputation  at  the  Shouldei-  iij  the  Oval  Method. — In  cases  in  which,  froni 
tlip  state  of  the  bone,  the  manipulations  necessary  for  amputation  by  transfixion 


Fig.         Aiii]ii\l!ition  at  the  Slioulder  by  ^pence's  Method. 


are  impossible,  the  method  originally  invented  by  Larrey,  or  some  modificatiom 
of  it,  must  be  adopted.  Larrey  commenced  his  operation  by  a  A^ertical  incision 
down  to  the  bone,  about  two  inches  in  length,  commencing  immediately  below 
the  acromion  process.  From  the  end  of  this  he  made  a  curved  incision  on 
each  side,  reaching  to  the  con-esponding  fold  of  the  axilla.  The  tAvo  flaps  thus 
formed  were  dissected  up,  and  the  head  of  the  bone  disarticulated.  The  knife 
Avas  then  passed  internally  to  the  head  of  the  bone,  and  carried  downwards 
Avhile  an  assistant  followed  it  Avitli  his  hands  to  compress  the  axillary  artery. 
The  operation  Avas  completed  by  dividing  the  tissues  in  the  axilla,  between  the- 
ends  of  the  tAvo  curved  incisions  previously  made  to  its  borders. 


io8 


SPECIAL  AMPUTATIONS. 


The  most  imijortant  Biodifi cation  of  tliis  method  is  that  of  Speuce,  which  is 
specially  adapted  for  gun-sliot  wounds  of  the  upper  end  of  the  humerus.  It 
<jonsists  in  carrying  the  vertical  incision  further  forwards,  and  commencing  it 
just  external  to  and  below  the  tip  of  the  coracoid  process,  as  in  excision  ol' 
the  shoulder-joint.  The  incision  ought  to  expose  the  tendon  of  the  long  head 
of  the  biceps  lying  parallel  to  it.  This  may  be  turned  on  one  side,  and  the 
joint  opened  and  examined  ;  and  if  fi'ora  the  state  of  the  parts  it  be  still  con- 
sidered necessary  to  amputate,  the  operation  is  completed  by  making  an  oval 
incision  through  the  skin  from  the  end  of  the  original  cut,  taking  care  not  to 
go  so  deeply  on  the  inner  side  as  to  wound  the  vessels.  The  outer  flap  is  then 
•dissected  up,  so  as  to  enable  the  Surgeon  to  get  his  knife  internal  to  the  head 
of  the  bone,  between  it  and  the  axillary  artery  (Fig.  51).  The  assistant  follows 
the  knife  with  his  hands,  and  grasps  the  vessels,  and  the  oj^eration  is  finished 
by  dividing  the  axillary  vessels,  the  tissues  left  uncut  at  the  inner  side. 

In  this  mode  of  operating  much  loss  of  blood  may  be  saved  by  securing 
the  vessels  cut  in  the  first  part  of  the  operation  before  opening  the  joint  and 
proceeding  to  the  division  of  the  tissues  at  the  inner  side  of  the  arm. 

Amputatiox  of  the  Arm  with  the  Scapula  axd  part  of  the 
Clavicle. — There  are  at  least  fourteen  cases  recorded,  commencing  with 

Cheselden's  in  1737,  in  which  recovery  has  taken 
place  after  the  Avhole  upper  limb,  together  with 
the  scapula  and  a  greater  or  less  part  of  the 
clavicle,  has  been  torn  away.  Such  cases  sug- 
gested the  possibility  of  removing  the  same  parts 
for  tumours  invading  the  bones  in  that  region. 
Ten  cases  of  this  operation  have  been  recorded 
with  eight  recoveries.  It  is  impossible  to  lay 
down  any  definite  rules  for  its  performance,  as 
the  lines  of  incision  must  necessarily  vary  \\\t\\ 
the  size  and  situation  of  the  tumour  and  the 
condition  of  the  skin  covering  it.  The  subclavian 
artery  and  vein  should,  as  a  rule,  be  exposed 
early  in  the  operation  by  dimion  of  the  clavicle 
and  secured  by  ligatures,  the  siiprascapulai"  being 
ligatured  at  the  same  time.  This  leaves  the 
posterior  scapular  as  the  only  important  artery 
in  the  region  involved  in  the  operation. 

General  Results  of  Amputations  of  the 
Upper  LiniTj. — Amputations  of  the  upper  ex- 
tremity arc,  as  a  rule,  extremely  successful.  Fatal 
.shock  rarely  occurs  except  after  operations  at  the  shoulder-joint,  and  consequently 
with  good  hygienic  suiTOundings  and  efficient  antiseptic  treatment  almost  every 
uncomplicated  case  of  amputation  in  the  upper  limb  should  recover.  This 
degree  of  success  is  in  fact  common  at  the  present  time.  "Where  these  advan- 
tages are  nob  to  be  obtained,  as  for  example  in  military  surgery,  the  average 
death  rate  has  l)een  from  20  to  34  per  cent,  for  the  arm,  and  from  6  to  10  per 
<-ent.  f()r  tlic  fore-arm. 

Amputation  at  the  shoulder-joint  for  injury,  although  necessarily  more  fotal, 
is  very  successful  for  so  severe  a  procedure.  At  University  College  Hosi)ital 
I  have  done  the  operation  six  times  with  one  fatal  result.  In  the  English 
army  in  the  Crimea,  the  mortality  was  only  35  per  cent.,  and  in  the  war  of 


t-'ig.  52.— Stump  aftor  Aiiiiiiitiit.iiiii  iil 
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the  American  Rebellion  it  was  39'2  per  cent.  When  the  operation  is  per- 
formed for  disease  the  results  are  more  favourable. 

Amputations  op  the  Foot. — The  Phalanges  of  the  Toes  seldom 
require  amputation  :  when  thej  do,  they  may  be  removed  in  the  same  way 
as  the  corresponding-  parts  of  the  hand— by  the  formation  of  a  flap  on  the 
plantar  surface,  either  by  cutting  from  above  downwards,  or  by  transfixion. 

In  removing  a  bone  at  the  Metatarso-phalangeal  Articulation,  the  o\'al 
method  should  always  be  practised,  so  that  the  sole  of  the  foot  may  not  be 
cut  into.  In  doing  this  it  must  be  remembered  that  the  articulation  is  situated 
considerably  above  the  wel)  of  the  toes,  and  the  incision  must  therefore  be 
commenced  proportionately  far  back  (Fig.  53).  As  a  general  rule,  it  will  be 
found  that  the  articulation  is  about  the  same  distance  above  the  web  as  the 


point  of  the  toe  is  below  it.  Another  guide  to  the  joints  is  obtained  by 
drawing  a  line  straight  across  the  foot  from  the  metatarso-phalangeal  joint  of 
the  great  toe,  which  can  usually  be  clearly  felt. 

In  removing  any  of  the  three  middle  toes,  those  on  each  side  must  be  forcibly 
separated,  and  at  the  same  time  flexed  as  much  as  possible  by  pieces  of  bandage 
passed  round  them.  The  toes  are  too  short  to  be  held  aside  easily  by  the 
fingers  of  the  assistant  (Fig.  53).  The  forcible  flexion  of  the  neighbouring  toes 
renders  the  articulation  more  superficial  and  greatly  facilitates  the  operation. 

Amputation  of  the  Great  Toe  is  frequently  required  for  injury  and  for 
destruction  of  the  metatarso-phalangeal  joint  by  extension  of  inflammation 
into  it  from  a  suppurating  bunion.  In  such  cases  the  head  of  the  metatarsal 
bone  should  never  be  removed  if  it  can  possibly  be  saved,  as  it  forms  the 
anterior  extremity  of  the  arch  of  the  foot  on  the  inner  side,  and  its  loss  tends 
to  cause  the  foot  to  turn  outwards.  It  is  a  common  error  to  leave  an  iiisiifli- 
cient  covering  for  the  head  of  the  bone,  the  great  size  of  which  should  always 
be  borne  in  mind.    To  avoid  this  the  operation  should  be  performed  by  the 


1  lO 


SPEC  I  A  L   A  MFUTA  TJONS. 


I'acket-sbapcd  incisiou,  the  oval  part  of  wliich  should  not  commence  till  tiic 
knife  has  reached  the  middle  of  the  proximal  phalanx,  and  should  pass,  on  the 
inner  side,  over  the  line  of  the  articulation  between  the  two  phalanges.  This 
amount  of  covering  will  not  be  found  more  than  sufficient.  In  opei-ations  for 
injury  it  is  not  always  possible  to  save  so  much,  but  all  should  be  preserved 
that  can  be. 

Anatomical  Guides  in  the  Foot. — In  operating,'  on  the  foot  beyond  the 
removal  of  separate  toes,  certain  anatomical  guiding  points  must  be  kept  in 
mind,  some  of  which  are  usually  perceptible  even  in  cases  of  disease.  Oppo- 
site the  ankle-joint  are  the  two  malleoli.  The  tips  of  these,  it  must  be 
remembered,  are  not  opposite  each  other,  the  external  being  lower  down 
and  posterior,  so  that  Avhen,  in  Syme's  operation,  or  in  Pirogoff's,  the  direc- 
tion is  given  to  cut  from  the  tip  of  the  outer  malleolus  to  the  corresponding 
point  on  the  other  side,  it  means  to  a  point  a  httle  behind  and  below  the 
inner  malleolus. 

The  next  point  of  importance  on  the  inner  side  is  the  tubercle  of  the 
scaphoid,  which  forms  a  rounded  prominence  about  half  an  inch  in  width. 
Its  posterior  border  corresponds  to  the  articulation  between  the  scaphoid  and 
the  head  of  the  astragalus  and  its  anterior  to  that  between  the  scaphoid  and 
the  internal  cuneiform.  The  internal  cuneifonn  is  about  one  inch  in  length, 
so  that  at  that  distance  from  the  anterior  edge  of  the  tubercle  of  the  scaphoid, 
will  be  found  the  articulation  bet-\veeu  the  cuneiform  and  the  metatarsal  bone 
of  the  great  toe,  immediately  in  front  of  which  is  the  well  marked  tubercle  at 
the  base  of  that  bone.  On  the  outer  side,  below  and  a  little  in  front  of  the 
external  malleolus,  is  the  outer  tubercle  of  the  os  calcis,  which  is  often  but 
indistinctly  felt.  About  the  middle  of  the  foot  the  tubercle  at  the  base  of  the 
fifth  metatarsal  bone  forms  a  very  marked  prominence.  Mid-way  between 
the  base  of  the  fifth  metatarsal  bone  and  the  tip  of  the  external  malleolus  is 
the  articulation  between  the  cuboid  and  the  os  calcis  ;  and  tlais  point  is 
exactly  opposite  the  tubercle  of  the  scaphoid  on  the  inner  side. 

The  Metatarsal  Bone  of  the  Great  Toe  occasionally  requires  removal  in 
whole  or  in  part.  The  whole  of  the  bone  may  be  readily  removed  by  one  of 
two  methods  :  1,  by  the  flap  ;  2,  by  an  oval  amputation. 

1.  The  Flcqi  Amputation  is  done  as  follows.  The  point  of  a  strong,  broad 
bistoury  is  entered  on  the  dorsum  of  the  foot  over  the  interspace  between  the 
first  and  second  metatarsal  bones,  as  far  back  as  possible  :  it  is  then  carried 
forwards  upon  the  ball  of  the  great  toe,  to  a  point  opposite  to  the  web  between 
the  toes,  and  thence  made  to  sink  into  the  sole  of  the  foot  in  a  line  parallel 
to  the  outer  margin  of  the  bone  ;  the  -flap  thus  formed  is  dissected  back,  its 
plantar  aspect  being  kept  as  thick  and  fleshy  as  possible  (Fig,  54).  The 
t:5urgeon  next  passes  the  knife  between  the  first  and  second  metatarsal  bones, 
and  cuts  directly  forwards  through  the  centre  of  the  angle  between  the  great 
find  the  second  toes.  In  doing  this,  care  must  be  taken  that  the  edge  of  the 
knife  is  not  directed  too  much  towards  the  metatarsal  bone  of  the  great  toe, 
lest  it  hitch  against  one  of  the  sesamoid  bones.  The  8urgeon  next  seizes  the 
extremity  of  the  toe,  and,  pulling  it  well  inwards,  i)asses  the  point  of  the 
bistouiy  deeply  into  the  angle  of  the  wound  (Fig.  .")4),  where,  by  the  division 
of  some  tendinous  and  ligamentous  fibres  that  constitute  the  key  of  the 
joint,  he  opens  the  articulation,  and  detaches  the  bone  by  lightly  touching 
its  ligamentous  attachments.    By  keeping  the  edge  of  the  knife  well  against 
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the  side  of  the  bone,  he  may  avoid  wounding-  the  dorsal  artery  of  the  foot, 
the  bleeding  from  which  would  be  troublesome.  When  the  bone  is  to  be 
partially  removed,  the  operation  may  be  performed  in  the  same  way  ;  the 
incisions,  however,  not  being  carried  so  far  backwards. 

2.  In  Amputation  by  the  Oval  Method,  the  point  of  the  bistoury  is  entered  on 


Fig.  54.— •Amputation  of  tlie  Great  Toe  and  its  Metatarsal  Bone  by  an  Internal  Flaji. 

the  dorsum  of  the  foot,,  just  behind  the  tarsal  end  of  the  bone.  An  incision  is 
carried  to  the  digital  interspace,  and  is  made  to  circle  round  the  base  of  the 
first  phalanx,  so  as  to  join  the  first  line  of  incision  on  the  dorsum  (Fig.  55), 
care  being  taken  not  to  commence  the  oval  part  too  soon.   The  soft  structures 


Fig.  65.— Aniinitation  of  the  Great  Toe  by  the  Oval  Methoil. 


on  the  inner  side  are  then  dissected  down,  the  knife  being  kept  close  to  the 
bone.  The  same  process  is  carried  out  on  the  outer  side,  the  blade  being 
made  to  sweep  under  the  bone  from  without  inwards,  and  the  joint  opened  as 
<lescribed  in  the  flap  operation. 

This  method  has  the  advantage  of  leaving  the  sole  uninjured.  It  has  the 
disadvantage  of  favouring  an  accumulation  of  discharges  in  the  deeper  part 
of  the  wound. 
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The  operation  may  be  gi-eatly  facilitated,  and  the  tendency  to  accumulation 
of  discharges  diminished  by  commencing  the  incision  at  the  side  of  the  foot 
immediately  behind  the  tuberosity  at  the  base  of  the  metatarsal  bone,  one  incli 
in  front  of  the  tuberosity  of  the  scaphoid.  It  is  then  carried  towards  the 
dorsum  of  the  foot,  following  the  line  of  the  articulation  ;  on  reaching  the 
dorsmn  it  is  curved  sharply  round  into  the  line  of  the  metatarsal  bone,  and  the 
operation  is  finished  as  just  described. 

3.  If  the  disease  be  limited  to  the  anterior  part,  the  shaft  of  the  bone  should 
be  cut  across  with  a  pair  of  bone-forceps,  and  its  base  left. 

The  Metatarsal  Bone  of  the  Little  Toe  may  conveniently  be  removed 
by  an  oval  incision,  so  as  to  avoid  wounding  the  sole  of  the  foot.  This  is  best 
done  by  entering  the  point  of  the  knife  just  behind  the  tubercle  of  the  bone, 
carrying  it  forwards  and  inwards  in  the  line  of  its  articulation  with  the  cuboid, 
to  the  centre  of  the  fourth  digital  interspace,  and  thence  forwards  to  the  web 
of  the  toe  ;  the  knife  is  next  carried  round  the  plantar  surface  of  this,  the 


i'iS-  56. — Ampututiou  of  the  Little  Toe  and  its  Metatarsal  Bone  by  the  Racket-shaped  Incision. 

incision  being  continued  obliquely  into  that  which  has  been  made  on  the 
dorsum  of  the  foot  (Fig.  56).  The  small  flap  thus  formed  is  well  dissected 
down,  the  knife  passed  round  the  under  surface  of  the  bone,  and  the  joint 
opened  I)y  the  toe  being  forcibly  drawn  outwards,  and  its  ligamentous  con- 
nections divided. 

The  middle  metatarsal  bones,  when  diseased,  do  not  admit  of  separate 
removal  so  as  to  leave  a  foot  that  would  be  useful  to  a  patient. 

Amputation  of  the  Metatarsus. — When  the  metatarsus  and  anterior 
part  of  the  foot  are  diseased  or  injured  so  as  to  require  removal,  the  amputa- 
tion may  be  efTected  by  one  of  two  methods  ;  viz.,  1.  By  making  a  long  flaji 
from  the  sole  and  a  short  flap  fi-om  the  dorsum,  and  then  sawing  across  the 
metatarsus  as  a  whole  above  the  seat  of  injury  or  disease  ;  or,  2.  By  disarticu- 
lating the  metatarsus  from  the  tarsus. 

The  first  operation — that  of  sawing  through  the  metatarsus — is  sometimes- 
called  Lisfranc's  ;  but  in  reality  it  was  practised  and  descnbed  by  Hey  long 
before  Lisfranc's  time.  "By  "  Hey's  Amputation  "  is  usually  meant  the  dis- 
articulation of  the  metatarsus  from  the  tarsus,  and  the  formation  of  a  flaji 
from  the  anterior  part  of  the  sole  of  the  foot.  But  Hey  describes  three 
different  amputations,  only  one  of  which  corresponds  to  this  method.  In 
his  "  Practical  Observations,  London,  1814,"  p.  550,  he  says,  "  I  have  judged 
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it  to  bo  the  safer  method  to  take  away  all  the  diseased  integuments  by  a 
transverse  and  a  longitudinal  incision  made  at  right  angles  to  each  other, 
and  then  to  savr  off  the  metatarsal  bones  as  far  as  the  morbid  integuments 
extLMided." 

At  p.  553  he  says,  that  in  operating  on  a  girl  about  18,  a  method  suggested 
itself  to  him  "  of  finishing  the  operation,  which  proved  highly  advantageous 
to  the  patient.  Having  dissected  out  the  metatarsal  bones  and  removed  the 
toes  by  a  transverse  incision  made  at  their  junction  with  the  metatarsal  bones, 
I  elevated  the  integuments  and  muscles  forming  the  sole  of  the  foot,  &c." 
This  operation  was  done  in  the  year  1797. 

In  the  year  1799,  p.  554,  he  states  that  he  operated  as  follows.  "  1  removed 
all  the  toes  at  their  junction,  with  the  metatarsal  bones,  and  then  separated 
the  integuments  and  muscles,  forming  the  sole  of  the  foot,  from  the  inferior 
part  of  the  metatarsal  bones,  keeping  the  edge  of  my  scalpel  as  near  the  bones 
as  1  could.  ...  I  then  separated  with  the  scalpel  the  four  smaller  metatarsal 
bones  at  their  junction  with  the  tarsus,  which  was  easily  effected,  as  the 
joints  lie  in  a  straight  line  across  the  foot.  The  projecting  part  of  the  first 
cmieiform  bone  which  supports  the  great  toe,  I  was  obliged  to  divide  with  a 


saw." 


Thus  it  would  appear  tliat  in  tlie  first  case  Hey  saived  across  the  metatars;i,l 
bones  after  having  made  the  flap.  In  the  second  case,  he  dissected  out  all  the 
metatarsal  bones,  and  then  made  a  flap  from  the  sole.  In  the  third  case,  he 
first  made  the  sole-flap,  and  then,  having  dissected  out  the  four  smaller  meta- 
tarsal bones,  saived  across  the  internal  cuneiform  ;  thus  combining  the  two 
methods  of  cutting  and  sawing. 

In  order  to  avoid  any  possibility  of  error,  it  is  better  to  discard  the  terms 
Key's  and  Lisfranc's  operation,  and  to  describe  these  proceedings  as  "  amputa- 
tion through  the  metatarsus,"  and  the  "  tarso-metatarsal  amputation." 

The  whole  of  the  Metatarsus  may  be  removed  fi-om  the  tarsus  by  making 
a  curved  incision  in  the  sole  of  the  foot,  reaching  to  the  roots  of  the  toes, 
one  liorn  of  which  commences  at  the  tubercle  of  the  fifth  metatarsal  bone, 
whilst  the  other  terminates  at  that  of  the  first,  or  one  inch  in  front  of  the 
tubercle  of  the  scaphoid.  The  flap  thus  marked  out  is  careftilly  raised, 
taknig  skin  and  fat  only  for  the  first  inch,  and  after  that  all  the  soft  parts 
down  to  the  bone.  On  the  left  side  the  direction  of  the  incision  is  reversed. 
A  small  fla])  is  then  made  on  the  dorsum  of  the  foot  and  the  articulations 
are  exposed.  •  These  must  then  be  opened  with  soine  care,  as  they  are  very 
irregular  (Fig.  57) ;  the  second  metatarsal  bone  "being  sunk  into  a  kind  of 
pit  between  the  inner  and  outer  cuneiform  bones,  and  the  articulation  of  the 
fifth  with  the  cuboid  being  very  oblique.  The  line  of  the  articulation  is  best 
found  by  forcing  downwards  the  anterior  part  of  the  foot,  while  the  point  of 
the  knife  is  drawn  across  the  line  of  the  joints.  As  the  articulations  are  touched 
they  gape  slightly,  but  they  are  prevented  from  opening  fully  by  the  very 
strong  mterosseous  ligament  which  passes  between  the  outer  side  of  the 
internal  cuneiform  and  the  base  of  the  second  metatarsal  bone;  This,  can  be 
divided  only  by  forcing  the  knife  upwards  between  the  two  bones,  taking  care' 
while  so  doing  not  to  wound  the  base  of  the  sole  flap  with  the  point.  As  soon 
as  this  ligament  is  divided,  the  whole  line  of  joints  readily  breaks  open,  and  dis- 
artjciilation  is  performed  without  further  difficulty.  This  operation  is  seldom 
practised,  disease  being  rarely  limited  to  the  metatarsal  bones,  but  usually 
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implicating  the  joints  as  well.  Disarticulation  from  the  tarsus  is,  moreover, 
troublesome,  on  account  of  the  irregularity  of  the  line  of  articulation  : 
hence  it  is  better  to  saw  through  the  metatarsus  just  in  front  of  the  tarsal 
articulations,    A  combination  of  these  two  procedures  may  sometimes  be 


advantageously  adopted.  In  several  of  those  severe  crushes  of  the  anterior 
part  of  the  foot,  that  are  not  unfrequently  the  result  of  tram-car  or  railway 
injury,  and  in  which  the  bones  and  soft  parts  arc  iiTcgularly  crushed  and 
torn,  I  have  made  a  very  excellent  stump  by  disarticulating  the  first  and  the 
fifth  metatarsal  bones,  and  sawing  across  the  three  middle  ones  almost  an 
inch  anterior  to  their  articulations  with  the  tarsus,  or  by  simply  dissecting 
back  the  sole  of  the  foot,  clearing  the  bones,  and  sawing  them  across  at  a 
convenient  line. 

Amputation  through  the  Tarsus  may  conveniently  be  pcrform.'d  by 
Chopart's,  or  the  medio-tarsal,  operation,  which  consists  in  disarticulation  in 
the  line  between  the  os  calcis  and  astragalus  behind,  and  the  cuboid  and 
scaphoid  in  fi-ont  (Fig.  57).    This  operation  may  be  performed  in  two  ways. 


CHOP  ART'S  AMPUTATION. 


either  by  first  malting  the  flap  from  the  sole  of  the  foot,  and  then  disarticu- 
lating (Fig,  58)  ;  or,  the  joints  having  been  cut  thi-ough  from  the  dorsum, 
the  flap  may  afterwards  be  made  (Fig.  GO).  '  ' 

In  the  latter  plan  a  smoother  end  will  be 
obtained  by  transfixing  the  flap  as  in  Figure 
GO,  and  cutting  it  in  two  parts  fr-om  the 
middle.  I  prefer  the  first  plan,  as  it 
enables  the  Surgeon  to  make  a  more  cor- 
rectly fashioned  flap. 

In  operating  on  the  left  foot,  the  knife, 
a  stout  bistoury,  should  be  entered  im- 
mediately behind  the  tubercle  of  the 
scaphoid,  and  carried  forwards  to  the 
head  of  the  metatarsal  bone  of  the  great 
toe,  then  across  the  sole,  and  down  the 
outer  side  of  the  foot,  as  far  as  mid-way 
between  the  tip  of  the  external  malleolus 
and  the  base  of  the  fifth  metatarsal  bone. 
The  two  guiding  points  are  exactly  op- 
posite each  other,  and  if  one  is  concealed 
by  the  swelling  of  the  foot,  the  other  can 
usually  be  found.  On  the  right  foot  the 
line  of  incision  is  reversed,  being  com- 
menced on  the  outer  side  and  finished 
on  the  inner  (Fig.  59,  b).  The  fiap  should 
be  made  long,  especially  at  the  inner  side, 
but  weU  rounded  at  the  angles.  For  the  first  inch  it  should  consist  of  skin  and 
fat  only,  the  flexor  tendons  of  the  toes  being  left  undivided  ;  from  this  point  to 
Its  base  the  whole  of  the  soft  parts  must  be  dissected  out  from  the  concavity  under 


Fig.  50.  — A.  Line  of  Incision  fni-  Ampu- 
tation uf  Gveat  Toe  and  Metatarsal 
Bonii.  B.  Line  for  Clnjiiart's  Ajupu- 
tation.  C.  Line  for  E.xcision  of  the 
Os  Caluis. 


l-'ig.  60.— Choparfa  Amputation.   Tlic  Flap  being  cut  after  Disarticulation. 


the  metatarsal  bones.  The  sole  flap  having  been  raised,  a  convex  incision  is  made 
over  the  dorsum,  marking  out  a  short  flap  about  one  inch  in  leno-th  which 
must  be  raised  by  dissection,  including  all  the  soft  parts  except  the  tendons 
ilie  parts  are  well  retracted,  the  extensor  tendons  divided,  and  the  articnla- 
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tions  opened  by  the  Burgeoa  bearing  firmly  upon  the  anterior  part  of  the  foot, 
and  lightly  touching  the  ligamentous  structures  with  the  point  of  his  bistoury. 
In  this  stage  of  the  operation,  care  must  be  taken  that  the  edge  of  the  l)istoury 
be  not  inclined  too  much  backwards,  lest  it  slip  over  the  astragalus  and  open 
the  ankle-joint ;  or  too  far  forwards,  lest  it  pass  anterior  to  the  scaphoid— 
between  it  and  the  cuneiform  bones.  In  more  than  one  instance,  I  have  found 
firm  osseous  ankylosis  in  the  articulations,  requiring  the  use  of  the  saw  for 
the  separation  of  the  anterior  part  of  the  foot.    When  this  complication 
occurs,  the  tarsus  should  be  treated  as  a  Avhole,  and  sawn  through,  irrespective 
of  articulations,  behind  the  limits  of  the  disease.    The  result  of  this  operation 
is  extremely  fa-vourable,  the  patient,  by  the  aid  of  a  properly  constructed  boot, 
being  able  to  walk,  and  even  dance,  with  very  little  appearance  of  lameness. 
In  some  cases  the  heel  becomes  drawn  up  by  the  muscles  of  the  calf,  and  the 
end  of  the  stump  is  made  to  point  down  in  such  a  way  that  the  patient  is 
rendered  lame  by  walking  on  the  anterior  sharp  edge  of  the  calcaneuni. 
Yerneuil  .states  that  he  has  observed  in  a  number  of  cases,  that  the  heel  is 
drawn  up  only  in  amputations  for  disease,  and  that  it  occurs  really  before  the 
operation  and  not  after.    He  has  never  noticed  it  in  a  primary  amputation. 
This  condition  is  best  removed  by  division  of  the  tendo  AchiLlis. 

The  operations  just  described  are  adapted  to  cases  of  disease,  as  it  is 
important  not  to  leave  a  part  of  the  affected  bones  behind,  and  their  removal 
is  made  more  certain  by  operating  through  the  lines  of  the  articulations.  In 
amputations  for  injury,  however,  ic  has  been  recommended  by  Mayor,  of 
Lausamie^  and  others,  to  treat  the  foot  as  a  whole,  ignoring  articulations. 
On  this  plan,  a  sufficient  covering  is  turned  up,  encroaching  on  the  foot  as 
little  as  the  nature  of  the  injury  will  allow.  When  sufficient  covering  has 
been  obtained,  the  saw  is  applied  to  the  tarsus  or  metatarsus,  as  the  case  may 
be,  saving  as  much  of  the  foot  as  possible.  There  is  no  doubt  that  excellent 
tesults  ai°e  obtained  by  this  method,  every  half-inch  of  the  foot  that  can 
saved  adding  to  its  utility. 

Sometunes  the  exact  limits  of  the  injury  are  difficult  to  ascertain  witii 
accuracy  immediately  after  the  accident.  In  such  cases  any  loose  or  crushed 
fragments  may  be  removed,  and  the  foot  placed  for  a  quarter  of  an  hour  m  a 
bath  of  1  in  20  carbolic  acid  lotion.  It  may  then  be  dressed  antiseptically. 
and  the  amputation  deferred  tiU  the  exact  limits  of  the  injury  can  be  clearly- 
ascertained.  This  hne  of  practice  was  followed  in  two  cases  lately  m  University 
Colleo-e  Hospital.  In  one,  the  foot,  which  seemed  at  first  hopelessly  crushed, 
completely  recoA'ered  ;  in  the  other  it  also  rccoN  cred,  with  the  exception  of  the 
jrreat  toe,  Avhich  was  amputated  at  the  end  of  the  second  week. 

Disarticulation  of  the  root  of  the  Ankle-joint  was  first  reduced  by 
Syme  to  a  regular  operation.  By  its  pL-rfovmance  amputation  of  the  leg  may 
often  be  avoided,  the  patient  being  left  with  an  exceedingly  useful  stump 
Avhich  as  its  covering  is  taken  from  the  heel,  constitutes  an  excellent  basis  ol 
support.  In  describing  the  operation  on  the  right  foot  Syme's  words  as  to 
the  direction  of  the  incision  are  :  "  The  foot  being  held  at  a  nght  angle  to  the 
le^r  the  point  of  tlie  knife  is  introduced  immediately  below  the  malleolar  pro- 
icSion  of  the  fibula,  rather  nearer  its  posterior  than  anterior  edge,  and  then 
carried  across  the  bone,  slightly  inclining  backwards,  to  the  inner  sulc  of  t  ie 
ankle,  where  it  terminates  at  the  .point  exactly  opposiie  its  commencement^ 
(that  is,  a  little  below  and  behind  the  internal  malleolus).    On  the  left  side 
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the  direction  of  the  incision  is  reversed.  "  The  extremities  of  the  incision 
thus  formed  are  then  joined  by  another  passing  in  fi-ont  of  the  joint.  The 
operator  next  proceeds  to  detach  the  flap  from  the  bone"  (Fig.  63).  The 
object  of  carrying  the  incision  so  for  back  is,  that  the  dissection  of  the  flap 


Fig.  01.  — Syiiif's  Operation.    Inner  Side  of  Foot. 


may  commence  from  the  most  prominent  point  of  the  plantar  surface  of  the 
OS  calcis,  that  is  to  say,  from  the  anterior  part  of  the  two  tubercles  of  that 
bone.^  Every  eighth  of  an  inch  in  front  of  this  point  increases  the  difficulty 
of  raising  the  flap.    When  the  lieel  flap  is  turned  back,  the  ankle-joint  must 


Fig.  ii:>.— S.  Linu  of  Incision  for  Syniii's  Operation.    V.  Lino  of  Inoi.sion  for 
Pirof,'o(l's  Operation. 

be  opened  in  front  by  cutting  firmly  across  the  line  of  the  articalatiou,  which 
18  about  half  an  inch  above  the  tip  of  the  inner  malleolus,  wliile  the  foot  is 
forcibly  extended.  As  soon  as  the  joint  opens  sufficiently,  the  lateral  ligaments 
are  to  be  divided  by  cutting  downwards  between  the  malleoli  and  the  lateral 
surfaces  of  the  astragalus.  The  tendo  Achillis  is  divided  by  pressing  the  foot 
forcibly  downwards  and  cutting  from  before  backwards,  unless  it  has  already 
been  cut  in  turning  back  the  heel  flap.  By  twisting  and  dissecting  at  the 
same  time  the  os  calcis  is  completely  separated  from  its  soft  attachments,  and 
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the  foot  removed  (Fig.  64).  The  soft  parts  are  then  turned  up  from  the 
lower  ends  of  the  tibia  and  fibula,  the  knife  bein^?  kept  close  to  the  bones  so 
as  not  to  wound  the  vessels  that  lie  immediately  behind  each  malleolus.  The 
whole  of  the  parts  of  the  tibia  and  fibula  which  enter  into  the  ankle-joint  are 
then  sawn  off,  the  arteries  tied  and  the  flap  brought  up.  A  well-formed 
rounded  stump  will  thus  be  left. 

In  performing  this  operation,  care  must  be  taken  that  no  button-hole  aper- 
tures be  made  through  the  posterior  part  of  the  heel  flap.  This  may  commonly 
be  avoided  easily  enough  when  the  sofb  structures  in  this  situation  are  greatly 
thickened  and  infiltrated  by  inflammatory  products,  as  the  result  of  chronic 
disease  ;  but,  if  the  operation  be  required  for  injury  of  the  foot,  great  care  is 


Fig.  63.-Syme's  Amputation  of  the  Foot.  Fig.  64.-S5niie's  Amputation  of  the  F 

Clearing  the  Os  Calcis.  Anterior  Incision  and  Disarticulation. 


required  in  digging  out  the  heel,  the  integuments  of  the  posterior  part  of  the 
OS  calcis  being  very  thin  and  adherent  to  the  bone.  It  is  also  of  importance 
that  the  incision  across  the  heel  should  be  (Figs.  61,  62)  distinctly  inchned 
backwards  towards  the  heel,  and  not  forwards  into  the  sole  of  the  foot. 
Unless  this  be  done,  a  large  cup-shaped  flap  will  be  left,  in  which  blood  and 
discharges  will  accumulate,  and  the  cicatrisation  of  the  stump  wiU  be  much 
retarded.  If  union  takes  place  by  granulation,  there  will  be  a  tendency  to 
bagging  in  the  stump  ;  but  this  may  be  prevented  by  proper  bandaging. 
The  tendency  to  sloughing  occurs  chiefly  in  those  cases  m  which  the 
amputation  has  been  performed  as  a  primary  operation  for  a  crush  of  the 
foot.  It  has  been  frequently  stated  that  it  is  necessary,  m  order  to 
ensure  the  vitality  of  the  flap,  to  cut  the  posterior  tibial  artery  "  as  long  as 
possible,"  and  it  is  this  as  much  as  anything  that  has  led  to  the  production  ot 
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the  huge  cup-shaped  flaps  -which  are  so  cliflBculfc  to  dissect  off  the  03  calo's,  and 
which  so  often  slough.  An  examination  of  the  vascular  supply  of  the  flap 
will  show  at  once  that  the  posterior  tibial  artery  may  be  cut  close  to  the 
base  of  the  flap,  without  interfering  with  the  chief  vessels  supplying  if. 
The  distribution  of  vessels  to  the  part  is  as  follows.  On  the  outer  side,  the 
peroneal  artery,  after  giving  off  the  anterior  peroneal,  is  continued  along 
the  posterior  aspect  of  the  fibula  to  the  outer  side  of  the  os  calcis.  On  the 
inner  side  a  branch  of  considerable  size  arises  from  the  posterior  tibial  artery, 
about  one  inch  above  the  ankle-joint,  and  passes  down  to  the  inner  side  of  the 
OS  calcis,  running  behind  the  inner  malleolus  and  accompanying  the  small 
cutaneous  nerve  from  the  posterior  tibial  to  the  skin  of  the  heel.  There  is  thus 
a  main  trunk  on  each  side  running  down  to  the  heel  behind  the  malleolus,  and 


Fig.  60.— Syme's  Amputation  of  tlie  Foot.    Sawing  off  the  Malleoli. 

these  two  communicate  freely  with  each  other,  superficially  over  the  cutaneous 
surface  ol  the  tendo  AchiUis,  and  deeply  between  the  tendon  and  the 
ankle-joint  ;  and  they  terminate  by  anastomosing  by  long  vascular  loops  on 
the  under  surface  of  the  posterior  part  of  the  os  calcis.  It  is  upon  these 
anastomosing  loops  that  the  vitality  of  the  flap  depends  more  than  upon 
anything  else  ;  and  as  they  lie  much  nearer  the  bone  than  the  skin  it  is 
evident  that,  unless  the  knife  be  kept  hard  upon  the  bone  during  the 
whole  dissection  of  the  flap,  they  will  be  divided  in  large  numbers,  greatly 
endangering  its  vitality.  In  the  operation  as  performed  by  Syme,  the  dis- 
section of  the  flap  is  commenced  from  the  most  prominent  part  of  the  tubercles 
of  the  08  calcis,  and  the  knife  can  be  kept  in  constant  contact  with  the  bone 
with  the  greatest  ease.  If,  on  the  contrary,  the  flap  extend  far  into  the  sole 
of  the  foot  in  front  of  the  tubercles  of  the  os  calcis,  it  is  almost  impossible 
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to  dissect  it  back  without  the  point  of  the  knife  being  directed  into  the  under 
surface  of  the  flap  and  tlie  Nascular  loops  being  divided.  All  the  above- 
mentioned  yessels  can  be  readily  dissected  out  in  any  well  injected  foot  in  tl)e 
dissecting-room. 

This  operation  is  a  most  useful  one  in  all  cases  requiring  removal  of  the 
whole  foot.  The  mortality  attending  it  is  but  small.  I  have  never  seen  a 
fatal  case.  The  stump  that  is  left  admits  of  good  pressure  being  made 
directly  upon  it,  without  tenderness  or  fear  of  ulceration. 

Various  modifications  of  Syme's  amputation  may  at  times  be  practised  with 
advantage,  when  the  soft  parts  covering  the  heel  are  not  in  a  condition  to 
form  a  good  basis  of  supjDort.  In  these  circumstances,  the  flaps  may  be 
fashioned  from  the  sides  instead  of  from  behindhand  in  this  way  I  have 
more  than  once  formed  an  excellent  covering  to  the  end  of  the  stump. 
These  lateral  flaps  should  not,  however,  be  made  in  any  case  that  admits  of 
disarticulation  at  the  ankle  in  the  ordinary  way.  They  never  afford  so  good 
a  basis  of  support  as  the  integuments  of  the  heel,  which  are  far  more  dense 
and  elastic. 

Pirogoff 's  Amputation  is  characterised  by  the  preservation  of  the  posterior 


Fife'.  06.— Lino  of  Incision  for  Piiogofl's  Operation— niodificcl  by  Oblique  Section  of  tlio  Os  ChUms. 

portion  of  the  os  calcis.  The  operation  is  performed  in  the  following  way.  In 
operating  on  the  right  side,  an  incision  is  carried  across  the  sole  of  the  foot 
from  the  tip  of  the  external  malleolus  to  the  corresponding  point  on  the 
other  side  ;  when  operating  on  the  left  foot  the  direction  of  the  incision  is 
reversed.  This  incision  should  not  be  made  directly  transverse  to  the  foot, 
but  should  incline  forwards  obliquely,  so  that  the  centre  of  the  incision  in  the 
sole  may  be  at  least  one  inch  and  a  "half  in  front  of  a  line  drawn  trans\  ersely 
from  the  tip  of  one  malleolus  to  the  other  (Fig.  Gfi).  It  should  reach,  in 
fact,  a  little  beyond  the  anterior  extremity  of  the  os  calcis.  The  knife  should 
then  be  sunk  in  down  to  the  bones,  care  being  taken  in  crossing  the  sole  of  the 
foot  that  it  is  not  carried  at  right  angles  to  the  sole,  but  is  slanted  obliquely 
backwards  in  the  line  of  the  incision  through  the  skin.  The  ankle  joint  is  then 
opened,  as  in  Syme's  operation,  by  an  incision  across  the  front.  The  foot  is 
now  forcibly  extended  to  the  greatest  possible  extent,  a  common  saw  is  applied 
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immediately  behind  the  astragalus,  and  the  bone  cut  obliquely  downwards  and 
forwai'ds  in  the  line  of  the  incision  in  the  soft  parts,  so  that  the  saw  should 
come  out  immediately  behind  the  articulation  of  the  os  calcis  with  the  cuboid 
(Fig.  67)  ;  the  malleoli  are  then  removed,  together  with  a  thin  slice  of  the  tibia, 
including  the  whole  articular  cartdage  (Fig.  68).  The  ojoposed  osseous  surfaces 
must  then  be  accurately  adjusted,  and  the  limb  laid  on  the  outer  side,  with 
the  knee  placed  so  as  to  take  off  the  tension  of  the  tendo  Achillis.  The 
advantages  of  the  long  oblique  section  of  the  os  calcis  over  the  shorter  almost 


Fig.  b7.— Pirogotr's  Operation.    Sawing  tli«  Os  Calcis  dbliiinely  downwards  and  forwards. 


vertical  cut  originally  made  by  Pirogoff  arc,  as  Busk  pointed  out,  that  a 
larger  surface  of  the  os  calcis  is  brought  into  contact  with  the  sawn  end  of  the 
bones  of  the  leg  ;•  that  the  piece  of  bone  left  in  the  flap  does  not  require  to  be 
tilted  so  much  on  its  own  axis,  and  that  consequently  the  tendo  Achillis  is  not 
put  so  much  on  the  stretch  ;  and  that  the  thick  skin  of  the  plantar  surface  of 
the  heel  still  serves  as  the  basis  oP  support  instead  of  the  thin  skin  of  the  back 
of  the  heel,  which  is  turned  downwards  in  the  other  method.  The  alleged 
advantages  of  this  operation  over  Syme's  amputation  consist  in  the  stump 
being  longer,  to  the  extent  of  the  thickness  of  the  ]wrtion  of  the  os  calcis  left 
in  It,  and  being  better  adapted  for  pressure  (Fig.  69) ;  and  in  the  diminished  risk 
of  sloughing  of  the  posterior  flap,  as  its  vascular  communications  are  not  much 
disturbed.  These  advantages  are  not,  however,  always  real,  and  are  in  some 
degree  counter-balanced  by  the  liability  to  recurrence  of  the  disease  for  which 
the  operation  may  have  been  performed,  in  the  portion  of  the  os  calcis  left  in. 
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the  flap.  When  it  is  ])racfcised  for  injury,  however,  this  ohjection  does  not 
hold  good.  Another  objection  which  has  been  raised  against  this  operation, 
consists  in  the  supposition  that  the  section  of  two  osseous  surfaces  exposes  the 
patient  to  increased  risk  of  septic  osteomyelitis  and  pyasmia.  In  the  first  case 
in  which  I  performed  this  amputation  the  patient,  a  healthy  lad,  whose  foot 
was  removed  for  injury,  died  from  this  cause.    But  more  extended  experience 


has  convinced  me  that  there  is  no  special  liability  to  pyaemia  after  PirogoflF's 
amputation. 

After  either  Syme's  or  PirogofF's  operation,  patients  can  run ;  which  they 
cannot  do  after  amputation  of  the  leg  in  any  part. 

The  Subastragaloid  Amputation  is  another  mode  of  disarticulating  the 
foot.  The  incisions,  as  recommended  by  Nelaton,  somewhat  resemble  those 
for  Syme's  operation,  but  are  carried  further  forwards,  both  on  the  dorsal  and 
plantar  aspects  of  the  foot.  In  operating  on  the  right  foot,  the  incision  is 
commenced  about  three-quarters  of  an  inch  below  the  external  malleolus, 
opposite  the  outer  tubercle  of  the  calcaneum,  .and  carried,  at  fii'st  forwards 
for  a  short  distance,  and  then  in  a  curved  direction  downwards  to  the  sole  of 
the  foot,  so  as  to  pass  just  behind  the  base  of  the  fifth  metatarsal  bone.  It 
then  crosses  the  sole,  and  is  brought  up  to  the  imier  side  of  the  foot,  termi- 
nating at  the  tubercle  of  the  scaphoid.  The  extremities  of  this  line  are 
then  joined  by  a  curved  incision  across  the  dorsum  of  the  foot,  reaching 
downwards  to  the  lower  edge  of  the  scaj^hoid.  The  soft  parts  are  then  raised 
from  the  bone  on  the  outer  side,  sufficiently  to  reacli  the  tcndo  Achillis,  which 
is  to  be  divided.  On  pushing  the  finger  into  the  wound  the  upper  surface  of 
the  OS  calcis,  and  the  line  of  its  articulation  with  the  astragalus  can  now  be 
felt.  The  point  of  the  knife  is  next  to  be  thrust  into  the  articulation,  and 
the  interosseous  ligament  divided,  while  the  foot  is  wrenched  forcibly  inwards. 
Care  must  be  taken  not  to  injure  the  ligaments  between  the  os  calcis  and  the 
cuboid,  or  all  power  over  the  former  bone  would  be  lost.  When  the  interosseous 
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ligament  is  divided,  the  astragalo-scaphoid  articulation  is  to  be  opened,  and 
finally,  by  twisting  the  foot  so  as  to  put  the  parts  on  the  stretch,  the  soft  parts 
at  the  inner  side  and  the  remainder  of  the  heel  flap  are  to  be  separated  from 
the  OS  calcis  and  the  foot  removed.  In  this  amputation  a  good,  long,  useful 
stump  results ;  but  the  cases  suited  to  it  must  be  few,  as  it  does  not  often 
happen  that  disease  affects  the  calcaneum  and  the  anterior  range  of  tarsal 
bones,  without  the  astragalus  also  being  involved. 

In  cases  of  caries  of  the  tarsus  requiring  amputation,  it  occasionally  happens 
that  the  Surgeon  cannot  determine  with  certainty  whether  the  morbid  condition 
is  limited  to  the  anterior  range  of  tarsal  bones,  or  extends  so  far  backwards  as 
seriously  to  implicate  the  astragalus  and  calcaneum  ;  and  he  is  consequently 
unable  to  decide  whether  the  condition  of  the  foot  admits  of  removal  by 
Chopart's  operation,  or  requires  disarticulation  at  the  ankle-joint.  In  these 
circumstances  all  doubt  will  be  cleared  away,  and  the  proper  operation  per- 
formed, by  making  an  incision  across  the  dorsum  of  the  foot  in  the  line  of  the 
astragalo-scaphoid  and  calcaneo-cuboid  articulations ;  these  are  then  opened, 
and  the  state  of  the  bones  is  examined.  If  the  astragalus  and  calcaneum  be 
sound,  or  but  slightly  diseased  on  their  anterior  aspect,  Chopart's  operation 
may  be  done,  and  any  carious  bone  left  behind  gouged  away.  If,  on  the 
contrary,  these  bones  be  found  to  be  deeply  implicated,  the  flap  may  be- 
dissected  back  for  about  an  inch,  and  disarticulation  at  the  ankle-joint 
proceeded  with. 

Results. — The  amputation  of  a  toe,  of  a  metatarsal  bone,  or  even  of  a 
portion  of  the  metatarsus,  is  but  very  seldom  attended  by  fatal  consequences. 
Should  death  occur,  it  must  be  the  result  of  an  accidental  attack  of  tetanus, 
eiysipelas,  or  pyemia.  Disarticulation  at  the  ankle-joint,  though  necessarily 
somewhat  more  dangerous,  is  yet  one  of  the  most  successfal  operations  in 
Surgery,  the  mortality  attending  it  being  but  very  small. 

The  following  are  the  figures  given  in  Max  Sohede's  tables.  Partial 
Amputations  of  the  Foot  for  injury,  in  civil  practice,  223  cases,  45  deaths,  or 
20-2  per  cent. ;  for  disease,  5G2  cases,  70  deaths,  or  12-4  per  cent.  In  mihtary 
practice,  the  numbers  are  831  cases,  with  388  or  46-7  per  cent,  of  deaths  ;  but 
this  fearful  mortality  has  been  chiefly  in  the  French  hospitals.  If  these  are 
excluded,  there  remain  403  cases,  with  65  deaths,  or  16  per  cent. 

The  statistics  of  uncomplicated  cases  from  the  j^ractice  of  Socin,  Volkmann, 
and  Max  Schede,  under  antiseptic  treatment,  show  65  cases,  with  2  deaths, 
1  in  a  woman,  aged  77,  and  1  re-amputation.  Those  of  Bruns,  Bardeleben 
and  Billroth,  in  the  jire-antiseptic  period,  show  39  cases,  with  10  deaths, 
8  of  which  were  from  pyasmia.  The  highest  mortality  was  from  Pirogoflf's 
operation,  of  which  there  were  13  cases,  with  5  deaths,  4  from  py£emia  and 
1  from  erysipelas. 

Amputation  of  the  Leg.— The  selection  of  the  line  of  amputation  must 
depend  upon  the  extent  of  the  disease  or  injury,  but,  whenever  practicable,  the 
operation  should  lie  performed  low  down ;  the  mortality  diminishing  in 
proportion  as  the  limb  is  removed  near  to  the  ankle.  Surgeons  used  formerly, 
even  where  the  disease  or  injuiy  was  limited  to  the  foot, "to  amputate  imme- 
diately below  the  knee,  in  all  those  cases  in  which  the  patient  would  be  obhged 
to  wear  a  coramon  wooden  pin,  the  long  leg-stump  being  highly  inconvenient 
when  the  patient  rested  on  his  bent  knee  ;  whereas,  in  those  individuals  who 
could  afford  the  expense  of  a  well-constructed  artificial  limb,  the  amputation. 
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when  practicable,  was  done  in  tlie  lower  part  of  the  lej^.  But  this  dittifiilty 
has  been  removed  by  the  introduction  of  a  short  wooden  pin,  in  the  socket  of 
which  the  stump  may  be  fixed  in  the  extended  position  ;  and  amputation  in 
all  admissible  cases  should  consequently,  even  amongst  the  poorer  classes,  l)e 
done  as  low  down  as  jwssible. 

The  number  of  ai'teries  divided  will  depend  upon  the  situation  of  the 
amputation.  Plolden  lays  down  as  a  general  rule  that  in  amputations  one  inch 
below  the  head  of  the  fibula,  only  one  main  artery — the  popliteal — is  divided. 
At  tW'O  inches  two  arteries,  the  anterior  and  posterior  tibial,  are  cut.  At  three 
inches  three  arteries,  the  peroneal,  in  addition  to  the  two  tibials,  Iteing 
divided. 

Flap  Amputation  of  the  Leg  may  be  performed  hy  tramfixion  in  the 
following  way.    The  tourniquet  having  been  applied  to  the  lower  ]iart  of 


TO.    AiiiimtatioM  of  tlii;  Eight  Lck.    ■JVaiislixioii  of  tin-  rosU'riui-  Flap. 


the  thigh,  the  Surgeon  stands  with  his  left  hand  to  the  part  to  be  removed, 
while  the  a.ssistant,  whose  duty  it  is  to  retract  the  flaps,  take  his  stand 
in  this,  as  in  all  amputations  of  the  lower  extremities,  opposite  to  the  Surgeon. 
In  the  hfl  limb,  the  point  of  the  knife  is  entered  at  the  posterior  edge  of  tiie 
tibia,  cari-ied  downwards  for  a  distance  of  one  inch  and  a  half  to  two  inches, 
then  across  the  anterior  part  of  the  leg  to  the  jiosterior  border  of  the  fibula,  up 
which  the  incision  is  made  to  extend  to  a  corresponding  distance.  In  the 
rigU  leg  the  same  incision  commences  on  the  fibular  side  of  the  limb,  and 
terminates  on  the  tibial.  The  flap  thns  formed,  which  should  be  broad 
and  well  rounded,  is  next  dissected  up  by  a  few  touches  of  tlie  point  of  the 
knife,  and  transfixion  of  the  limb  is  made  Ijy  passing  the  blade  acros.s  behind 
the  bones,  from  one  angle  of  the  incision  to  the  other  (Fig.  70),  taking  care 
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not  to  pass  the  knife  accideutally  between  the  bones  instead  of  behind  them. 
The  posterior  flap  is  then  formed  by  cutting  obliquely  downwards  and  back- 
wards ;  it  should  be  about  three  inches  long-.    The  bones  are  next  cleared  by 


Fig  1 1.— AMi|iiit;iti(in  (if  tlic  Let;  by  tlie  Liiii;^  PiLstfriiir  Siiuiiig  tlir  Riiikw. 


a  double  swee]D  uf  the  knife,  and  the  interosseous  soft  parts  divided  by  cari  yiug 
the  instrmneut  in  a  figure-of-8  way  between  and  round  the  bones.    In  doing 


Fig.  7-J.-  AliipuUaiiil]  (il'tlic         by  'I'ddc's  .Mrtliml. 


this,  sjiecial  care  nuist  be  taken  not  to  direct  the  edge  upwards,  so  as  to  split 
either  of  the  tibial  arteries,  more  particularly  the  anterior  :  for,  as  the  vessel 
retracts  above  the  membrane,  its  ligature  is  )io  easy  matter.  Jf  the  amputa- 
tion he  ])erformed  just  below  the  knee,  it  is  ])ossible  that  the  popliteal  trunk 
may  be  divided  above  its  bifurcation,  and  thus  only  one  artery  may  require 
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ligature.  lu  sawing  the  bones  the  fibula  must  be  divided  first,  as  otherwise 
it  may  bo  fractured,  or,  at  any  rate,  splintered,  above  the  line  of  anj])utation. 
It  is  better  to  commence  sawing  on  the  tibia  till  the  saw  has  entered  a  short 
distance,  then  by  sinking  the  hand  below  the  level  of  the  limb  on  the  left  side, 
or  raising  it  on  the  right,  the  saw  is  brought  to  bear  on  the  fibula,  which  is 
completely  di\aded  before  the  tibia  is  finished.  After  the  removal  of  the  hmb, 
the  sharp  anterior  edge  of  the  tibia  may  advantageously  be  sliced  off  obliquely, 
so  as  to  lessen  the  risk  of  sloughing  of  the  corresponding  flap  from  pressure 
upon  a  sharp  ridge  of  bone. 

If  the  limb  be  very  muscular,  a  large  pad  of  the  muscles  of  the  calf  will  be 
left  iu  the  posterior  flap  ;  this  will  usually  be  a  good  deal  in  the  way  during 
treatment,  as  its  weight  tends  to  displace  the  flap,  and  may  thus  interfere  with 
proper  uuion.  In  some  cases  I  have  advantageously  removed  at  one  sweep 
the  greater  part  of  the  muscular  mass  thus  left,  leaving  little  more  than  a  skin 
flap.  The  inconveniences  arising  from  the  long  posterior  flap  are,  however,  so 
great  that  it  is  better  as  a  rule  to  adopt  some  other  method  of  amputation. 

In  the  loiuer  tldrd  of  the  leg,  Teale's  operation  (Fig.  72)  can  be  readily 
performed  according  to  the  rales  laid  down  on  p.  67.  The  size  of  the  wound 
may,  however,  be  diminished  by  making  part  of  the  covering  by  retracting 
the  soft  parts  from  the  bones,  instead  of  entirely  by  flaps  as  in  Teale's  method. 
In  this  plan  of  operating  an  anterior  flap  is  made  equal  in  length  to  the 
diameter  of  the  limb  at  the  point  at  which  the  bones  are  to  be  sawn  ;  it  should 
be  almost  rectangular  in  shape,  merely  having  the  angles  rounded  off.  A  very 
short  posterior  flap  may  be  cut  to  meet  this  by  carrying  the  knife  behind  the 
limb  somewhat  obliquely  from  one  end  of  the  first  incision  to  the  other.  The 
soft  parts  are  then  retracted  and  the  bone  sawn  as  high  as  possible.  As  in 
Teale's  method,  the  flaps  should  contain  all  that  can  be  taken  fi-om  the  bones, 
for  in  this  situation  they  are  somewhat  liable  to  slough.  The  bones  in  this 
part  of  the  leg  occupy  almost  the  whole  thickness  of  the  limlj,  and  it  is  neces- 
sary, therefore,  to  make  the  anterior  flap  equal  to  the  diameter  in  length,  so 
that  the  scar  may  be  behind  them.  If  there  is  any  dilficulty  in  retracting  the 
soft  parts.  Lister  reconnnends  that  the  incision  should  be  carried,  on  the  fibular 
side,  as  high  as  the  point  at  which  the  bone  is  to  be  sawn,  as  this  greatly 
facilitates  their  separation.  In  order  to  avoid  unnecessary  Avounding  of  the 
anterior  tibial  artery,  Teale  recommends  that  the  soft  parts  should  be  raised 
from  the  interosseous  membrane  with  the  thumb  nail. 

In  the  middle  and  ujojoer  thirds  of  the  ley,  the  bones  lie  more  towards  the 
anterior  aspect  of  the  limb,  and  consequently  it  is  not  necessary  to  provide  so 
long  an  anterior  flap  in  order  that  the  cicatrix  may  be  placed  well  behind 
them.  In  these  situations  the  anterior  fiap  may  be  made  equal  in  length  to 
two-thirds  of  the  diameter  of  the  limb,  and  the  posterior  flap  one-half  the 
length  of  the  anterior,  the  rest  of  the  covering  being  made  by  retraction  of  the 
soft  parts  from  the  bones.  The  anterior  flap  should  consist,  at  its  lower  edge, 
of  skin  and  fat  only,  but  it  should  be  gradually  deepened  as  it  is  raised,  till  at  its 
base  it  contains  almost  all  the  muscle  that  can  be  obtained  ft-om  the  front  of  the 
limb  (Fig.  73).  In  dissecting  up  tlie  posterior  flap,  which  should  contain  only 
skin  and  fat,  the  limb  should  be  raised  so  that  the  Surgeon  can  more  conveniently 
see  what  he  is  doing.  Both  flaps  being  held  well  out  of  the  way,  the  muscles 
are  next  divided  circularly,  and  the  soft  parts  raised  from  the  bones  for  a 
distance  equal  to  at  least  one-third  of  the  diameter  of  the  limli.    In  doing 
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this,  cai'e  must  be  taken  not  again  to  wound  the  anterior  tibial  artery.  Finally, 
the  bones  are  cleaned,  and  sawn  as  high  as  possible.  The  sharp  point  of  the 
tibia  must  be  rounded  off.  In  doing  this  it  is  well  carefully  to  raise  the 
periosteum  with  a  knife  or  periosteal  elevator  before  applying  the  saw  or  bone- 
forceps,  as  by  so  doing  the  tendency  to  necrosis  is  somewhat  diminished,  the 
periosteum  not  being  torn  away  to  a  higher  point  than  that  at  which  the  iDone 


Fig.  73.-Ainputation  of  the  Leg  by  Long  Anterior  and  Sliort  Posterior  Skin  Flaps,  with  Circular 

Division  of  the  Muscles, 

is  actually  sawn.  In  primary  amputations  the  soft  parts  can  always  be 
retracted  without  difficulty.  In  secondary  amputations,  when  the  parts  are 
swollen,  It  may  be  necessary  to  make  an  incision  upwards  on  one  or  both  sides 
from  the  angle  of  union  of  the  flaps  towards  the  point  at  which  the  bones  are 
to  be  sawn. 

If  from  any  cause  there  should  not  be  sufficient  skin  available  to  form  the 
long  anterior  flap,  the  circular  operation  or  the  modification  of  it  recom- 
mended by  Listen,  as  described  on  p.  65,  may  be  employed  instead  (see  Pig.  23 
p.  GG).  All  these  operations  have  the  great  advantage  of  getting  rid  of  the 
heavy  mass  of  the  muscles  of  the  calf,  and  that  by  tlie  long  "anterior  flan 
secures  in  addition  that  the  cicatrix  shall  be  well  behind  the  cut  ends  of  the 
bones,  and  that  there  shall  be  a  dependent  opening  for  the  exit  of  the  dis 
charges.  The  long  anterior  flap  tends  to  keep  itself  in  position  by  its  own 
weight,  and  no  strapping  is  required  as  in  the  amputation  by  the  long  posterior 
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flap,  and  thus  a  great  source  of  pain  to  the  patient  and  of  disturbance  to  the 
stump  is  avoided.  There  is  also  much  less  tendency  to  protrusion  of  the  hone, 
as  the  weight  of  the  flap  is  hardly  sufficient  to  cause  ulceration,  if  the  end  of 
the  tibia  has  been  carefally  rounded. 

Results. — The  mortality  after  amputation  of  the  leg  was  formerly  very 
high,  var}-ing  generally  in  diflPerent  hospital  reports  fi'om  50  to  80  per  cent., 
the  chief  causes  of  death  being  pyeemia,  gangrene  of  the  stump  and  exhaus- 
tion. The  death-rate  was  higher  in  secondary  than  in  primary  operations,  and 
fell  to  23'5  per  cent,  in  cases  in  which  the  operation  was  performed  for 
disease.  So  far  as  situation  is  concerned,  as  a  general  rule,  the  nearer  the 
knee  the  greater  the  danger.  The  high  death-rate  formerly  prevaihng,  has 
now  been  much  reduced.  In  the  statistics  published  by  Max  Schede, 
amongst  the  uncomplicated  cases  treated  antisepticaUy,  are  19  amputations  for 
injmy,  and  50  for  disease,  "wath  only  1  death,  and  that  was  from  erysipelas,  in 
a  patient  who  had  previously  suffered  more  than  once  from  the  disease. 
Amongst  the  uncomplicated  cases  treated  by  Bardeleben,  BiUroth,  and  Brmis, 
without  antiseptics,  were  28  for  injury,  with  15  deaths,  and  87  for  disease, 
Avith  25  deaths ;  29  of  the  deaths  were  from  pyaemia,  and  7  from  septicaemia. 

Amputation  THEOUGH  the  Knee-joint,  originally  recommended  in  the 
last  century  by  Hoin,  and  reintroduced  by  Yelpeau,  Markoe,  and  Brinton,  has 
long  found  favour  in  this  country  and  in  America. 

Amputation  through  the  knee-joint  may  be  performed  in  three  different 
Avays  :  1,  with  a  long  posterior  and  a  short  anterior  flap  ;  2,  with  a  long 
anterior  and  a  short  posterior  flap  ;  3,  with  lateral  flaps. 

1.  The  operation  Avith  the  Long  Posterior  and  Short  Anterior  Flap 
mav  be  readily  performed  in  the  following  way.  An  incision  is  made  directly 
across  the  knee-joint,  just  below  the  patella.  The  skin-flap  thus  formed  is 
dissected  back  ;  and,  the  joint  being  opened  above  the  pateUa,  and  the  liga- 
ments divided  by  a  few  touches  of  the  knife,  a  long  posterior  flap  is  cut  from 
the  upper  part  of  the  calf  of  the  leg,  by  passing  the  knife  behind  the  tibia, 
and  carrying  it  downwards  for  a  suitable  distance. 

This  operation  has  the  great  disadvantage  that  the  posterior  flap  has  an 
almost  uncontrohable  tendency  to  retract,  and  it  should  never  be  undertaken 
when  the  covering  can  be  obtained  more  extensively  or  entirely  from  the 

The  operation  by  means  of  a  Long  Anterior  and  Short  Posterior 

Flap  is  thus  performed.  A  long  square  flap,  rounded  at  the  cornei-s,  is  made 
bv  enterino-  the  point  of  a  short  broad-bladcd  amputating-knife  towards  the 
Dosterior  ptrt  of  one  condyle,  carrying  the  incision  downwards  in  a  straight 
line  for  four  or  five  inches,  then  across  the  limb,  and  cutting  upwards  to  a 
point  on  the  opposite  side  corresponding  to  that  of  entiy.  The  integumeiits 
and  the  patella  are  then  dissected  from:  the  front  ot  the  joint  (l;ig.  /4)  The 
articulation  is  thus  opened  ;  the  hgaments  are  then  successively  divided,  the 
limb  being  forcibly  bent;  and  a  posterior  flap  is  formed  by  cutting  with  a 
determined  sweep  from  behind  forwards,  or  by  dissecting  down  behind  he 
bones  and  then  cutting  backwards.  The  flap  should  be  about  2 ^  to  3  inches 
lon.^  If  made  shorter  than  this,  it  is  apt  to  retract  up  the  back  of  the  thigh 
Imfeed,  in  all  cases  there  is  a  great  tendency  to  this,  even  when  the  flap  is  of 
thelenUh  above  given.  The  popliteal  artery  iS  divided,  and,  with  the  ex^ 
ception'of  the  articular  vessels,  is  the  only  one  rerpiinng  ligature. 
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The  management  of  the  patella  is  an  important  question  ;  some  Surgeons 
advocating  its  removal,  and  others  its  preservation.  I  think  that  it  is  de- 
cidedly better  to  leave  it,  as  it  forms  an  important  protection  to  the  end  of 
the  stump.  If  it  be  removed,  the 
flap  becomes  so  thinned  as  to  incur 
danger  of  gangrene.  I  have  prac- 
tised the  operation  both  ways,  and 
have  from  my  experience  found  it 
most  advantageous  to  leave  the 
patella.  There  is  only  one  objec- 
tion to  this  ;  and  that  is  the  chance 
of  the  patella  being  drawn  up,  as 
occasionally  happens,  upon  the  an- 
terior part  of  the  thigh.  This  is 
best  prevented  by  cutting  across  the 
tendinous  insertion  of  the  quadi'iceps 
extensor  during  the  operation. 

There  is  a  difference  of  practice 
in  the  management  of  the  cartila- 
ginous surface  of  the  femur  in  these 
amputations.  Some  Surgeons  prefer 


leaving  it ;  others  saw  it  off.    If  the 
articular  surface  be  soimd,  the  carti- 
lage had  better  be  left,  as  thus  the 
cancellous  structure  is  not  opened, 
and    one    predisposing    cause  of 
pyaemia  is  avoided.  If  the  cartilages 
be  eroded  or  otherwise  diseased,  they 
should  be  removed.    This  I  gene- 
rally do,  after  the  disarticulation 
has  been  completed,  by  means  of  a 
fine-bladed  Butcher's  saw,  cutting 
round  and  not  across  the  end  of  the 
bone.    If  the  cartilage  be  left  on 
the  femur,  it  should  also  be  allowed 
to  remain  undisturbed  on  the  patella. 
But  if  it  be  removed  from  the  femur 
so  as  to  expose  the  cancellous  bone, 
then  the  under  surface  of  the  patella 
should  be  removed  in  a  similar 
manner,  before  the   flajj  is  laid 

'"^^^    ^3  \  ^""''""^     ^'^'"^^"^     exceUent  covering  to  the  bone  ;  the 
pateua,  and  the  thick  integuments  of  the  knee,  forming  a  good  basis 

,      f  i!"^^      ^'^^  ^P°°'  w^ll  ^^^^Pted  for  pressure, 

ill        !J  P^^'"^  ^^^^  aPP^y  itself  to,  and  unite  with,  the  can- 

cellous surfaces  of  the  condyles,  and  thus  add  to  the  solidity  of  the  end  of  the 

^illlr^  '^fter-treatment  gi-eat  trouble  may  arise  from  accumulation  of  the 
d  scharges  in  he  synovial  pouches.  This  can  be  prevented  only  by  prop  r 
drainage    Before  closing  the  wound,  two  long  tubes  must  be  put  Win  such 


Pic 


74.— Aiiipiitutidn  tluuusli  tho  Kuc«  by 
Long  Anterior  Flnp. 
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a  way  that  their  deep  extremities  lie  in  the  extreme  u[)per  parts  of  the  synovial 
pouches,  and  their  lower  ends  must  be  brought  out  at  the  angles  of  the 
wound.  These  tubes  should  not  be  touched  till  the  third  day  ;  after  that 
they  may  be  drawn  out  half  an  inch  or  more  at  each  dressing,  and  the  project- 
ing piece  cut  ofP.  They  must  on  no  account  be  completely  removed  in  order 
to  shorten  them,  as  it  would  be  impossible  to  replace  them.  Should  pus  form 
in  the  synovial  pouches  from  failure  of  the  drainage,  it  will  be  recognised  by 
the  swelling,  redness  and  pain,  with  fluctuation.  A  free  incision  must  be 
made  into  it  as  soon  as  the  condition  is  recognised,  or  the  pus  may  burst 
through  the  limits  of  the  synovial  pouch,  and  burrow  up  the  thigh  Ijeueath 


[Fig.  75.— Amputation  at  the  Knee  by  Lateral  Flap. 


the  vasti.  These  precautions  for  drainage  are  necessary  in  all  amputations  m 
■which  the  synovial  pouches  are  opened. 

3.  S.  Smith,  of  New  York,  amputates  at  the  kuee  by  Lateral  Flaps  in  the 
following  way.  The  incision  is  commenced  in  the  middle  line  in  front,  about 
an  inch  below  the  tubercle  of  the  tibia,  and  is  carried  downwards  and  back- 
wards over  the  side  of  the  leg,  until  it  reaches  the  under  surface,  where  it  is 
directed  upwards  and  towards  the  median  line.  When  that  point  is  reached 
ib  is  carried  directly  upwards  to  the  centre  of  the  popliteal  space.  A  second 
incision  begins  at  the  same  point  as  the  first,  and  pursues  a  similar  direction 
on  the  opposite  side  of  the  limb;  the  two  incisions  meeting  m  the  niediau  hue 
behind.  The  flaps  are  then  raised,  and  the  soft  ]mrts  dissected  up  above  tlieir 
angle  of  union  until  the  joint  is  opened,  and  the  leg  then  removed.  Ihe  inner 
flap  should  be  rather  the  larger,  because  of  the  greater  size  of  the  inner  con- 
dyle ;  and  the  patella  is  left.  After  this  amputation,  tlic  stump  presents  the 
appearance  represented  in  Fig.  75.  The  operation,  which  is  m  reality  rather  a 
modified  circular  method  than  a  true,  amputation  by  lateral  flaps,  gives  the 
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most  excellent  results.  Bryant,  who  has  recorded  twenty  cases,  speaks  highly 
of  it,  and  recommends  that  in  raising  the  flaps  the  knife  should  be  kept  close 
to  the  head  of  the  tibia  so  as  to  divide  the  coronary  ligaments,  and  thus  leave 
the  semilunar  cartilages  closely  encii-cling  the  condyles  of  the  femur.  "  By 
this  means  the  upper  part  of  the  synovial  capsule  is  held  down,  firmly  to  the 
condyles  of  the  femur,  and  thus  all  the  soft  parts  are  kept  well  in  place." 
This  mode  of  operating  was  also  described  in  1872  by  Brinton. 

Amputation  through  the  Condyles  may  be  done  by  a  long  posterior  or  a 
long  anterior  flap,  including  the  patella  or  not ;  or  by  a  modification  of  the  cir- 
cular method.  Of  these,  that  by  the  long  posterior  flap  should  never  be  employed, 
unless,  from  exceptional  circumstances,  no  other  flap  can  be  obtained.  Garden 
of  Worcester  was  the  first  to  employ  the  method  of  amputation  by  the  long 
anterior  flap  in  this  situation.    He  took  away  the  patella  and  made  no  posterior 


flap,  but  subsequent  operators  have  found  that  without  a  posterior  flap  the 
covenng  is  frequently  insufficient.  The  operation  is  therefore  usually  performed 
as  follows  :  The  finger  and  thumb  of  the  left  hand  are  placed  on  the  two  con- 
dyloid emmences  of  the  femur,  which  serve  as  guides  for  the  starting  points  of 
the  incision.  A  long  anterior  flap  is  then  marked  out,  well  rounded  in  shape 
and  reaching  as  low  as  the  tubercle  of  the  tibia.  This  is  dissected  up  either 
with  or  without  the  patella.  In  cases  in  which  the  Surgeon  is  hesitatincr 
between  excision  and  amputation,  the  joint  may  be  examined  before  proceed- 
ing fm-ther  and  the  operation  determined  on.  When  the  anterior  flap  has  been 
raised  the  knife  is  passed  behind  the  femur,  and  a  posterior  flap,  equal  in 
length  to  the  anterior,  is  cut  from  within  outwards.  This  flap  contains  the 
hamstring  tendons,  and  usually  a  part  of  the  muscles  of  the  calf,  and  it  conse- 
quently retracts  considerably  after  being  cut.  The  flaps  being  held  back  the 
knife  IS  swept  round  immediately  above  the  cartilage-covered  surfaces  and  the 

'Hhrfomt  Jrr!"  '"^^^^^^^  P"^'^"^'     ^'^^  •'^'•^'^"l^^^'  ^^^^ 

or  the  femui,  that  is  to  say,  somewhat  obliquely  to  the  axis  of  the  shaft  the 

inner  side  being  left  a  little  longer  than  the  outer.    Gritti,  an  Italian  Surgeon! 
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aucl  Sir  William  Stokes  have  recommended  tliat  the  patella  should  be  left  in 
the  flap,  and  its  cartilaginous  surface  sawn  off"  sf)  as  to  form  a  raw  bony  surface 
to  be  applied  to  the  cut  end  of  the  femur. 

As  a  modification  of  these  operations,  Lister  has  recommended  an  amputa- 
tion by  a  modified  circular  method,  which  is  thus  performed.    "The  Surgeon 
first  cuts  transversely  across  the  front  of  the  limb,  from  side  to  side,  ai 
the  level  of  the  tubercle  of  the  tibia,  and  joins  the  horns  of  this  incision  by 
canying  the  knife  at  an  angle  of  forty-five  degrees  to  the  axis  of  the  leg 
through  the  skin  and  fat.    The  limb  being  elevated,  he  dissects  up  the  poste- 
rior skin  flap,  and  then  proceeds  to  raise  the  ring  of  integument  as  in  a  circu- 
lar operation,  taking  due  care  to  avoid  scoring  the  subcutaneous  tissue  ;  and, 
dividing  the  hamstrings  as  soon  as  they  are  exposed,  and  bending  the  knee, 
he  finds  no  diflaculty  in  reaching  the  upper  border  of  the  patella.    He  then 
sinks  the  knife  through  the  insertion  of  the  quadi'iceps  extensor  (Fig.  76 J, 
and,  having  cleared  the  bone  immediately  above  the  articular  cartilage  and 
holding  the  limb  horizontally,  he  applies  the  saw  vertically  and  at  the  same 
time  transversely  to  the  axis  of  the  lunb  (not  of  the  bone)  so  as  to  ensm-e  a 
horizontal  surface  for  the  patient  to  rest  on."    When  the  soft  parts  are  much 
thickened,  as  in  disease  of  the  knee-joint,  the  leg  may  be  removed  by  dividmg 
the  ligamentum  patellje  and  opening  the  joint  as  early  as  possible.    After  this 
the  condyles  of  the  femur  can  usually  be  protruded  and  sawn  off  without  diffi- 
culty, and  the  patella  removed  last  of  all.    If  there  is  still  difficulty  in  pro- 
truding the  femur  an  incision  may  be  carried  upwards  on  the  outer  side  as 
far  as  "may  be  necessary.    The  advantage  of  this  operation  is  that  if  it  be 
carefully  performed,  the  chance  of  sloughing  is  reduced  to  a  minimum.  The 
pouches  of  the  synovial  membrane  of  the  knee  must  be  carefully  drained  as 
before  described. 

There  is  a  point  of  practice  that  I  have  found  useful  in  these  amputations  ; 
viz.,  to  round  ofP  with  the  saw  the  sharp  edge  left  on  the  condyle  after  the 
removal  of  its  cartilaginous  surface,  as  otherwise  this  may  press  injm-iously 
upon  the  flap. 

These  amputations  present  four  great  advantages  over  those  higher  up. 
1.  As  the  medullary  canal  is  not  opened,  the  risk  of  septic  osteo-myehtis  and 
consequent  pyemia  is  diminished.  2.  The  limb  being  removed  at  a  greater 
distance  from  the  trunk,  the  shock  will  be  less  and  the  rate  of  mortality  diminished. 
3.  The  patient  is  provided  with  a  long  thigh-stump,  which  gives  increased 
leverage  in  using  an  artificial  limb.  4.  When  the  amputation  is  practised  with 
the  long  anterior  flap  containing  the  patella,  or  taking  the  skin  from  over  it, 
the  end  of  the  stump  will  be  protected  by  the  tough  integument  naturally 
situated  in  front  of  the  knee,  which  will  admit  of  pressure  being  made  upon 
it  without  fear  of  excoriation  :  the  cicatrix  being  drawn  up  behind  the  end  of 
the  stump,  and  altogether  away  from  its  surface. 

Results  of  Amputation  through  the  Knee-joint  or  Condyles  of  the 
Femur.— So  far  as  life  is  concerned,  these  operations  have  been  successful. 
In  the  war  of  the  American  Rebellion,  of  132  cases,  G-t  died,  giving  a 
mortality  of  48-4  per  cent.  Of  these  49  were  primary  amputations  :  the 
deaths  among  which  were  16,  or  32-6  per  cent.  Brinton  gives  62  cases  of 
amputation  through  the  knee  for  disease,  with  14  deaths,  or  22-6  per  cent. 
The  statistics  of  amputation  through  the  condyles  of  the  femur  have  not  been 
made  qp.t.„j;i|j:jl  uu 


AMPUTATION  OF  THE  THWH. 


133 


Max  Schede  gives  the  results  of  amiDutation  through  the  knee-joiut  iu  civil 
practice  as  follows  :  for  injury,  cases,  103  deaths,  or  32-8  per  cent. ;  for 
disease,  123  cases,  30  deaths,  or  24-^  per  (!ont.  ;  through  the  condyles,  for 
injury.  111  cases,  40  deaths,  or  36-1  per  cent. ;  for  disease,  60  cases,  15 
deaths,  or  25  per  cent.  ;  Grritti's  operation  for  injury,  25  cases,  4  deaths,  or  1 6 
per  ceut. ;  for  disease,  19  cases,  5  deaths,  or  26"3  per  cent. 

x4lmputations  of  the  Thigh  are  commonly  required  both  for  accident  and 
for  disease.  As  a  rule  the  operation  is  most  easily  and  eflBciently  performed 
by  the  antero-posterior  flap  method,  the  covering  being  raised  by  dissection, 
not  by  transfixion.  Excellent  results  may  also  be  obtained  in  all  parts  of  the 
tliigh  by  the  circular  and  modified  circiilar  operations.  Amputation  just  above 
the  knee  was  formerly  most  often  performed  by  equal  lateral  flaps  cut  by 
ti-ansfixion.  The  fleshy  flaps  of  uniform  thickness  thus  obtained  were  supposed 
to  form  a  better  covering  than  the  thinner  structures  in  front.  But  the  lateral 
flaps  have  the  disadvantage  of  leaving  the  scar  over  the  bone,  and  they  are 
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Fi^'.  77.— Aiiiimtation  of  tlie,  Lowf.r  Third  of  tlic  Tliinh  l.y  l.aU-nil  Klii|«. 

difficult  to  keep  in  position,  and  consequently  few  Sargeous  now  adopt  this 
method.  In  other  parts  of  the  thigh  lateral  flaps  cannot  be  conveniently 
made,  as  the  end  of  the  bone  is  apt  to  be  drawn  up  into  the  angle  of  the 
wound,  and  to  project  between  the  flaps,  which  fall  away  l)ehind  it.  In  ampu- 
tation in  the  lower  or  middle  third,  a  tourniquet  may  be  appUed  high  on  the 
limb  ;  but  when  the  operation  is  done  iu  the  upper  third,  there  is  no  space 
for  the  application  of  this  instrument,  so  the  hsBmorrhage  must  be  arrested  by 
•the  application  of  the  india-rubber  bandage  as  described  on  p.  45,  by  the 
aortic  tourniquet,  or  by  an  assistant  compressing  the  artery  as  it  passes  over 
the  brim  of  the  pelvis  (Pig.  18,  p.  51).  In  whatever  situation  the  Surgeon 
amputates,  he  must  be  careful  to  carry  the  knife  so  as  not  to  split  the  femoral 
iirtery  oi-  vein . 

Amputation  above  the  Knee  by  Lateral  Flaps,  or  Vermale's  Opera- 
tion, is  thus  performed  :  The  outer  flap  should  always  be  made  first.  The 
point  of  the  knife,  being  entered  in  the  middle  of  the  thigh,  about  three 
inches  above  the  upper  border  of  the  patella,  is  can'ied  close  round  the  bone 
and  brought  out  through  the  centre  of  the  ham  ;  the  flap  is  then  cut  dowu- 
■wards  and  outwards  ;  the  knife,  being  entered  figaiii  iu  the  upper  angle  of  the 
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incision,  is  carried  close  round  the  bone  to  its  inner  side,  and  the  inner  flap 
made  by  a  sweeping  cut  (Fig,  77).  Unless  the  blade  be  kept  in  contact  with 
the  bone  in  this  situation,  the  femoral  artery  is  very  apt  to  be  split.  The  flaps 
being  then  retracted,  the  bone  is  cleared  by  two  swee])S  of  the  knife,  and  sawn 
cibout  four  inches  above  its  articular  surface. 

In  all  amputations  of  the  thigh  by  the  Ant&ro-Posierior  Flap  method, 
more  or  less  ti'ouble  is  apt  to  arise  from  the  posterior  flap  being  displaced 
upwards  by  the  divided  flexor  muscles  which,  owing  to  their  great  lengtli, 
retract  for  a  very  considerable  distance.  Even  when  the  covering  may  at 
flrst  have  seemed  abundant  the  edges  of  the  wound  may  separate,  leaving  a 
wide  space  beliind  to  heal  by  granulation.  This  tendency  is  aggi-avated  by  the 
flexed  position  in  which  the  patient  invariably  places  the  limb.  The  amount 
of  covering  should  therefore  never  be  less  than  twice  the  diameter  of  the  limb 
at  the  point  at  which  the  bone  is  sawn.  In  primary  amputations  this  may  be 
taken  equally  from  the  front  and  back  of  the  limb,  and  most  advantageously  by 
the  combination  method  (p.  68).  Thus,  supposing  the  limb  to  lie  four  inches 
in  diameter,  the  anterior  flap  should  be  two  inches  in  length,  its  distal  hair 
being  composed'  of  skin  and  fat  only  ;  the  posterior  flap  should  be  of  the 
same  length,  and  must  be  dissected  up  from  the  muscles  to  fi-ee  it  as  far  as 
possible  from  their  influence.  The  remaining  covering  is  made  by  retracting 
the  soft  parts  circularly  fi-om  the  bones  for  two  inches.  In  amputations  for 
disease,  if  the  muscles  are  wasted  and  not  likely  to  retract  to  any  great  extent, 
the  anterior  flap  should  he  made  longer,  to  ensure  the  scar  being  behind  the 
bone.  Thus,  in  a  limb  of  the  diameter  of  four  inches,  the  anterior  flap  should 
be  two-thirds  of  the  diameter,  or  2|-  inches ;  the  postci-ior  half  this,  or  Ij,  and 
the  soft  parts  must  be  retracted  for  two  inches.  In  prunary  amputations,  if 
the  covering  l)e  taken  equally  from  the  back  and  front  of  the  limb,  and  of  the 
length  given  above,  the  scar  will  always  be  well  behind  the  bone.  In  cases  in 
which,  as  a  consequence  of  disease,  the  knee  has  long  been  fixed  in  a  flexed 
position,  experience  has  shown  that  the  retraction  of  the  posterior  flap  is  un- 
usually extensive,  and  it  is  wiser  then  to  make  it  even  longer  than  the  anterior. 
If  the*  circular  (  Fig.  21 ),  or  the  modified  circiilar  method  (Fig.  23)  be  adopted, 
the  same  amount  of  covering  must  be  made,  one  diameter  by  raising  the  skin 
and  fat,  and  one  by  retraction  after  circular  division  of  the  muscles. 

The  amputation  by  the  romUnation  mefhocV  is  thus  perfonned.  The 
Surgeon,  standing  on  the  right  side  of  the  patient,  enters  the  knife  mid-way 
lietween  the  anterior  and  posterior  surfaces  of  the  thigh  on  the  side  oiiposite 
to  himself,  and  Jnarks  out  a  I'ectanguhvr  flap,  with  its  angles  rounded  ofl' equal 
in  length  to  two-thirds,  oi-  half  the  diameter  of  the  limb,  according  to  tlie 
circumstances  mentioned  above.  Great  care  must  be  taken  in  marking  onr 
the  flap,  that  its  base  really  includes  half  the  circumference  of  the  limh. 
Unless  this  be  specially  attended  to,  the  anterior  flap  is  very  commonly  cut 
narrower  than  the  posterior.  The  knife  must  not  be  directed  towards  the 
front  of  the  limb  too  soon  or  the  free  extremity  will  be  too  narrow.  Having 
marked  ont  the  anterior  flap  the  knife  is  to  be  swept  round  the  back  of  tW 
thigh  marking  out  a  ])Osterior  flaj),  eitlier  equal  to  the  anterior,  if  that  be  halt 
the  diameter  in  length,  or  one-third  of  it  if  it  be  two-thirds  of  the  diameter. 
The  limb  is  now  raised,  and  the  posterior  flap,  consisting  of  skin  and  fat  only, 
is  dissected  up  to  the  angle  of  the  flaps,  so  as  to  free  it  from  the  hamstring 
muscles,  and  thus  to  limit  its  retraction.    The  anterior  is  now  raised,  only 
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skill  and  fafc  being  takon  for  the  first  inch  or  so,  after  which  the  Surgeon 
takes  as  much  muscle  as  he  thinks  advisable  (Fig.  78).  The  remaining  mus- 
cular tissue  is  now  divided  circularly,  the  soft  parts  retracted  for  a  distance 
of  about  two  inches,  and  the  bone  sawn  at  that  point.  The  retraction  is 
greatly  facilitated  by  raising  the  limb  to  a  right  angle  with  the  table,  as  recom- 
mended by  Spence.  The  bone  is  then  sawn  and  the  flaps  brought  over  the 
end  of  it.  If  they  do  not  meet  without  the  slightest  tension  it  is  better  at 
once  to  retract  the  soft  parts  a  little  further  and  to  remove  a  piece  more  of  the 
bone.    Amputation  of  the  thigh  may  be  performed  by  this  method  at  any 


Fig.  78.— Amputation  of  tlie  Thigh  :  Kliii)s  t-ut  from  without  iiiwai-ds. 


part  of  the  thigh  from  the  trochanters  to  the  lower  end,  where  the  skin  over 
the  patella  is  included  in  the  anterior  flap. 

In  some  instances  in  which  the  tissues  at  the  posterior  part  of  the  thigh  are 
much  diseased  or  injured,  whilst  those  on  tlie  anterior  aspect  of  the  Iknb  are 
sound,  a  very  g(;od  stump  may  be  fashioned  by  making  a  long  square  anterior 
flap,  and  then  cutting  at  one  stroke  of  the  kiiife  through  the' soft  parts  at  the 
posterior  aspect  of  the  limb,  in  a  somewhat  oblique  direction  from  below 
upwards.  The  anterior  flaji,  when  laid  down,  will  form  tlic  cushion  at  the  end 
of  the  stump. 

Amputation  through  the  Trochanters  may  sometimes  be  advantageously 
practised,  eitiicr  in  severe  componnd  fractures  of  the  lower  part  of  the  thigh, 
or  in  cases  of  non -malignant  tumours  of  the  lower  and  middle  thirds  of  the 
femur  ;  and  thus  tlie  more  severe  and  dangerous  operation  of  disarticulation 
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at  the  hip  may  be  avoided.  Indeed,  should  it  be  found,  after  section  of  tlie 
bone,  that  it  is  so  much  in  jured  or  diseased  as  to  require  removal  at  the  joint, 
this  may  readily  enough  be  done  by  dissecting  the  head  out  of  the  acetabulum 
with  a  strong-  scalpel  or  bistoury. 

Results. — The  mortality  after  amputation  of  the  thigh  is  verj^  considemble 
■when  the  operation  is  done  for  injury,  more  particularly  for  com]iound  frac- 
ture of  the  femur  itself.  The  mortality  in  the  older  statistics  Cp.  8(;) 
amounted  to  59'7  per  cent.  In  the  more  recent  statistics  of  University 
College  Hospital  it  is  46*1  per  cent.  Shock  and  traumatic  gangrene  of  the 
stmnp  are  the  chief  causes  of  death. 

The  result  of  amputation  of  the  thigh  for  disease  of  the  knee-joint  depends 
entirely  upon  whether  the  affection  is  acute  or  chronic.  In  acute  suppurative 
disorganisation  of  the  knee,  amputation  of  the  thigh  is  most  fatal ;  indeed,  so 
high  is  the  rate  of  mortality,  that  it  is  doubtful  whether  it  is  proper  t-o 
perform  the  operation  in  that  stage  of  the  affection.  In  chronic  knee-joint 
disease,  on  the  other  hand,  the  operation  is  most  satisfactory  and  successful : 
death  seldom  resulting  unless  the  operation  has  been  deferred  too  long. 
The  average  mortality  of  complicated  and  uncomplicated  cases  together  in  the 
older  statistics  was  32-5  per  cent.  In  the  more  recent  statistics  of  University 
College  Hospital  it  is  23-5.  Max  Schede's  statistics,  in  which  complicated 
cases  are  excluded,  give  63  cases  with  only  one  death.  The  mortality,  as 
before  stated  (p.  83),  increases  as  the  trunk  is  approached. 

Amputation  at  the  Hip-joint.^ — This  formidable  operation  is  of  com- 
paratively recent  introduction  into  surgery.  During  the  early  part  and  middle 
of  the  last  century,  its  practicabihty  was  warmly  debated  in  France.  It 
was  perfonned  on  animals  experimentally.  It  was  found  that  some  patients 
affected  with  ergotism,  whose  lower  extremities  had  become  gangrenous,  and 
had  separated  at  the  hip-joint,  survived ;  and,  at  last,  in  the  year  1773,  the 
first  successful  amputation  of  the  kind  was  performed  by  Peri-ault  of  St. 
Maure.  In  the  next  year,  the  opei'ation  was  done  in  England  by  Kerr  of 
Northampton,  on  a  girl  aged  12,  affected  ^vith  hip-disease  and  lumbar  abscess. 
The  operation  was  unjustifiable  in  such  a  case,  but  the  patient  lived  17  days, 
and  thus  its  practicability  was  demonstrated.  Larrey  performed  it  in  1793 
for  the  first  time  for  gun-shot  injury  ;  and  since  that  time  the  operation  has 
been  established  in  sm-gical  practice,  civil  as  well  as  military.  The  operation 
was  first  perfQrmed  successfully  in  England  in  1812,  by  Brownrigg  of  Ply- 
mouth, on  a  man  whose  thigh  had  been  broken  in  the  Peninsular  war  a  year 
previously. 

Amputation  at  the  liip-joint  may  be  and  has  been  performed  m  a  variety  of 
ways,  which  it  is  not  necessary  to  detail.  The  most  convenient  operations  are 
those  by  aniero-posierior  flajys,  and  tlie  oval  method.  Of  these,  that  by  antero- 
posterior flaps  is  the  easier  and  more  speedy.  It  consists  in  making  a  large 
and  thick  anterior  flap  by  transfixion,  and  a  short  posterior  one  from  the 
gluteal  region  and  back  part  of  the  thigh.  In  order  to  perform  this  operation 
properly,  the  patient's  body  must  be  brought  well  forward  upon  the  edge  of 
the  table,  so  that  the  nates  project  beyond  it,  and  be  steadied  by  strong 
bandages.  One  of  these  must  be  passed  between  the  sound  thigh  and  tlir 
perinseum,  and  attached  to  the  upper  end  of  the  table  ;  another  should  be 
carried  across  the  pelvis  to  the  lower  end  :  and  the  somid  limb  must  be  tied 
to  the  leg  of  the  table. 
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Tn  amputation  at  the  hip-joint,  the  great  immediate  danger  formerly  appi'c- 
hended  was  excessive  haemorrhage,  the  incisions  hcing  made  so  high  up  that 
no  ordinary  tourniquet  could  be  applied.  At  the  ])resent  time,  however,  the 
■circulation  through  the  hmb  can  l)e  efficiently  arrested  either  by  Pancoast's 
aortic  compressor,  by  Davy's  lever,  or  by  Esmarch's  india-rubber  tourniquet. 
The  mode  of  applying  these  instruments  is  described  on  p.  4.5.  The  Surgeon 
is  thus  to  a  great  extent  relieved  from  all  anxiety  on  the  score  of  hfemorrhage, 
but  as  these  instruments  are  not  infallible,  the  artery  in  the  flap  sliould  always 
be  controlled  by  a  reliable  assistant  in  the  manner  to  be  subsequently 
•described. 

The  Surgeon  must  have  three  assistants  on  whom  he  can  fully  rely. 
Assistant  No.  1  takes  charge  of  the  flap,  compressing  the  femoral  vessels  ;  and, 


Fig.  79.— Amimtiitioii  at  the  Hip-joint :  Konjiation  or  Anterior  Flap  in  Left  Limb. 


in  the  absence  of  the  abdominal  compressor,  on  his  trustworthiness  the  patient's 
life  is  mainly  dependent.    Assistant  No.  2  takes  charge  of  the  limb  ;  flexing 
lit  slightly  on  the  abdomen  in  the  first  stage  of  the  operation,  whilst  the 
a,nterior  flap  is  being  made ;  forcibly  abducting,  extending,  and  rotating  it 
■outwards  during  the  second  stage,  -when  the  Surgeon  is  opening  the  capsule  of 
the  joint ;  and  extending  and  rotating  inwards  during  the  time  the  posterior 
.flap  is  being  cut.    On  the  way  in  which  he  performs  these  duties,  the  facility 
with  which  the  Surgeon  performs  the  operation  is  mainly  dependent.  To 
Assistant  No.  3  is  consigned  the  care  of  the  instrument  used  for  controlhng 
!the  circulation.    After  tlie  removal  of  the  limb,  Assistant  No.  2  aids  the 
.Surgeon  in  ligaturing  the  arteries.    These  preliminaries  liaving  been  arranged, 
and  the  duty  of  each  assistant  iissigned  to,  and  distinctly  understood  by  him. 
.the  operation  is  to  be  performed  in  the  following  way. 

The  Surgeon,  standing  on  the  left  side  of  the  limb  to  be  removed,  feels  for 
'the  bony  points  which  guide  his  knife,  viz.,  the  tuber  ischii  and  the  anterior 
.superior  spine  of  the  iUum.    The  knife,  which  must  have  a  blade  twelve 
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inches  long,  is  entered,  and  the  flap  made,  in  different  ways,  according  to  the 
side  of  the  body  on  which  the  operation  is  performed.  If  it  T^e  on  the  Ufi 
side,  the  knife  slionld  be  entered  aljout  two  fingers'  breadth  below  the  anterioi- 
superior  spine  of  the  ilium,  and  carried  deeply  in  the  limb  behind  the  vessels, 
directly  across  the  joint ;  its  point  being  made  to  issue  near  the  tuberosity  of 
the  ischium  well  behind  the  prominent  ridge  foi-med  by  the  tendon  of  the  ad- 
ductor longus  (Fig.  79).  In  transfixing  on  this  side,  care  must  be  taken  not 
to  wound  the  scrotum  or  the  opposite  thigh  ;  the  back  of  the  knife  must  run 
parallel  to  Poupart's  ligament,  and  the  point  must  not  be  directed  too  much 
upwards,  lest  it  enter  the  abdominal  cavity.  As  soon  as  the  point  of  the  knife 
passes  the  head  of  the  bone  the  handle  must  be  raised  so  as  to  direct  the  point, 


Fig.  SO.— Aiiiputation  at  tlip  Hip-joint:  Kornuition  of  Antorior  Plaj)  in  Right.  Limb. 


beneath  the  femoral  vessels,  lest  they  be  wounded.  The  aortic  compressor  and 
Davy's  lever  do  not  control  the  iliac  vein,  and  should  the  femoral  vein  be- 
punctured  above  its  last  valve,  most  dangerous  regurgitant  haemorrhage  would 
take  place.  Transfixion  being  accomplished,  the  anterior  flap  must  be  cut 
i-apidly  downwards  about  six  or  eight  inches  in  It-ngth.  The  Assistant 
who  is  to  take  charge  of  tbc  fla])  passes  l)oth  hands  into  the  wound  above  the 
back  of  the  knife,  and  grasps  the  femoral  artery  firmly  between  his  fingers- 
and  thuml)s  (Tig.  81 ).  As  soon  as  he  has  thus  secured  the  vessel,  the  Surgeon 
turns  the  edge  of  the  knife  forwards  and  comjiletes  the  anterior  flap.  In  doing 
this,  care  must  be  taken  not  to  make  the  fla^i  pointed.  This  is  best 
done  by  keeping  the  edge  of  the  knife  tunied  slightly  towards  the  bone  till  the 
point  is  reached  at  which  it  is  to  be  brought  out.  Also,  the  Assistant  who  holds 
the  limb  must  take  care  not  to  extend  it  too  soon,  but  to  keep  it  flexed  and 
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slightly  adducfced  until  the  anterior  flap  is  completely  cut,  and  the  Assistant 
who  has  charge  of  the  flap  must  be  careful  not  to  raise  it  up  too  much  nor  to 
squeeze  it  laterally  in  grasping  the  vessel.  As  soon  as  the  knife  is  brought  out, 
the  Assistant  holding  the  vessel  raises  the  flap  upwards  towards  the  alidomen. 
The  limb,  which  has  so  far  been  raised,  slightly  flexed  and  adducted,  must  now  be 
forcibly  extended,  abducted,  and  rotated  outwards  ;  the  capsule  of  the  joint 
is  then  to  be  opened  by  a  firm  cut  with  the  point  of  the  knife.  As  soon 
as  this  is  done,  the  head  of  the  femur  starts  out  of  the  socket  and  the  operator 
touches  the  round  ligament  with  the  point  of  the  knife.  The  Assistant  now 
allows  the  limb  to  hang  down,  and  the  head  of  the  femur  becomes  separated 
by  some  distance  from  the  acetabulum,  and  the  posterior  part  of  the  capsule  is 
brought  into  view  and  put  on  the  stretch.  This  is  divided  with  the  point  of 
the  knife,  and  immediately  it  is  done  the  Assistant  puts  the  limb  in  an 
extended  position  in  a  line  with  the  body,  and  at  the  same  time  rotates 
it  inwards  so  that  the  trochanter  shall  not  catch  the  knife  ;  the  lieel  of  the 
knife  is  then  passed  over  the  trochanter,  and  the  posterior  flap  rapidly  cut  by 
caiTyiug  the  knife  downwards  and  backwards  tlu'ough  the  thick  muscles  in 
this  situation.  The  postei'ior  flap  may  be  about  fom-  inches  in  length  ;  but 
this  must  of  course  vary  according  to  the  length  of  the  anterior  flap.  Wheji 
the  amputation  is  performed  on  tlie  riyld  side,  the  anterior  flap  is  made  by 
entering  the  knife  just  above  the  tuberosity  of  the  ischium,  and  bringing  it 
out  two  flngers'  breadth  below  the  anterior  superior  spine  of  the  ilium 
(Fig.  80)  :  the  remaining  ste]5S  of  the  operation  being  performed  as  in  the  last 
case.  In  transfixing  from  the  inner  side,  if  the  point  of  the  knife  be  directed 
too  much  upwards,  it  may  enter  the  thyroid  foramen. 

In  order  to  avoid  the  inconvenience  caused  by  standing  in  a  cramped  posi- 
tion between  the  patient's  thighs,  many  Surgeons  transfix  from  the  outer  side 
on  the  right  limb  as  well  as  on  the  left. 

In  consequence  of  the  extent  to  which  the  limb  that  is  about  to  be  removed 
may  have  been  injured,  or  encroached  upon  by  disease,  it  is  not  always 
easy  to  make  the  anterior  flap  of  the  size  or  shape  described  A  little 
management  on  the  part  of  the  Surgeon  will  however  enable  him  to  take  the 
requisite  amount  of  covering  from  the  outer  or  inner  parts,  by  inclining  the 
point  or  the  heel  of  the  knife  downwards,  as  the  case  may  require  ;  or  he  may 
make  the  anterior  flap  by  dissection,  instead  of  by  transfixion. 

When  the  femur  is  entire  and  unbroken,  Assistant  No.  2  uses  it  as  a 
lever,  bringing  the  lower  end  of  it  in  the  second  stage  of  the  operation 
downwards  and  outwards,  thus  causmg  the  head  of  the  bone  to  press  against 
the  anterior  part  of  the  capsule,  and  to  start  out  with  a  peculiar  sucking 
noise  as  soon  as  the  latter  is  opened.  Should  the  bone  have  been  fractured 
high  up,  this  movement  cannot  be  given  to  it  and  the  operation  is  rendered 
somewhat  more  difficult.  In  such  a  case  the  Surgeon  nmst  grasp  the  uppei' 
end  of  the  femur  below  the  trochanters,  so  as  to  steady  and  ]MLsh  it  back  as  he 
is  disarticulating  its  head.  In  two  of  the  cases  in  which  I  have  amputated  at 
the  hip-joint,  it  has  been  necessary  to  do  this — in  one,  in  consequence  of  the 
crushing  of  the  bone,  two  inches  below  the  trochanters,  by  a  railway  accident; 
in  the  other,  in  consequence  of  its  spontaneous  fracture  at  the  junction  of  its 
upper  and  middle  thirds,  in  a  case  of  rapidly  growing  malignant  disease  of 
the  bone. 

As  a  further  precaution  against  hasmon-hage  the  Assistant  who  steadies  the 
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body  may  press  his  thumb  well  down  into  the  iliac  fossa  so  as  to  compress  tlie 
m-fcery  against  the  brim  of  the  pelvis.  If  the  tourniquet,  compressor  or  lever 
IS  acting  efficiently  there  is  no  htemorrhage  from  the  postei'ior  flap,  but  should 
they  be  imperfectly  applied  there  will  be  free  ha3morrhage  from  the  gluteal  and 
sciatic  ATSsels,  which  must  be  arrested  by  the  Assistants,  who  should  be  ready 
to  cover  and  compress  them  with  the  fingers  or  dry  sponges,  or  seize  theni 
in  forciprcssure  forceps.  The  arteries  may  then  be  ligatured  one  by  one, 
jxs  the  Assistant  exposes  them.  If  the  other  Assistant  have  a  good  hold  of  the 
femoral,  the  vessels  in  the  posterior  flap  may  be  tied  fii-st ;  but  if  the  femoi-al 
be  insecurely  held,  it  must  be  first  tied.    The  femoral  arteries,  both  superficial 


Mg.  81.— Aiiiputatioii  lit  IIi|i-ii)int  :  Coni]ii-n.sMi(iii  of  Fciiinnil  Arti-iy  in  Aiu<-riiir  Flap. 

and  deep,  will  be  found  to  be  cut  long,  and  to  project  from  the  muscles  ]iy 
which  they  are  suiTounded,  so  as  very  readily  to  be  seized  by  the  fingers  or 
forceps,  pulled  out,  and  ligatured.  The  arteries  in  the  posterior  flap  and  (ni 
the  inner  side  of  the  joint  will  be  found  in  the  inter-muscular  septa.  The 
flaps  are  to  be  brought  together  by  sutures,  two  or  three  drainage-tubes  nf 
large  size  must  be  inserted,  and  after  the  dj-essing  has  been  applied,  a  turn  of  a 
broad  bandage  may  be  passed  round  the  abdomen,  and  the  end  brought  u]i 
from  behind  under  the  stump  so  as  to  sujiport  it. 

In  former  times  it  was  of  great  importance  to  perform  the  operation  with 
as  much  rapidity  as  possible,  and  the  disarticulation  was  usually  effected  in 
from  thirty  to  forty  seconds,  and  frequently  in  even  less  time  ;  but  since  the 
means  of  arresting  httmorrhage  have  been  perfected,  time  is  of  less  import- 
ance, and  consequently  the  oval  inethod,  which  ])resents  many  advantages,  has 
been  much  more  frequently  practised  of  late  years. 
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The  oval  amputation  is  performed  in  a  variety  of  ways,  and  more  experience 
is,  perhaps,  still  required  to  determine  which  is  the  best.    The  following  plan 
has  been  found  to  answer  well  at  University  College  Hospital.    The  patient  is 
to  be  placed  on  his  sound  side,  and  the  thigh  of  that  side  is  to  be  flexed  as  far 
as  possible  and  secured  in  that  position  by  two  bandages,  one  attached  to  the 
thigh  immediately  above  the  knee  with  a  clove-hitch,  the  two  ends  of  which 
are  passed  round  the  patient's  neck  and  under  the  arm  of  the  same  side  and 
firmly  knotted  together.    This  bandage  maintains  the  flexed  position  of  the 
thigh,  which  gives  steadiness  to  the  trunk.    The  second  bandage  is  also  to 
be  passed  round  the  sound  thigh  and  secured  to  the  leg  of  the  table  beneath 
tiie  patient's  head,  in  order  to  prevent  his  slipping  down  during  the  operation. 
The  patient's  body  must  be  further  steadied  by  an  Assistant  placed  opposite 
the  shoulders.    Another  Assistant  takes  charge  of  the  thigh,  and  a  third,  who 
stands  opposite  the  Surgeon,  will  take  the  vessel  by  thrusting  the  fingers  of 
one  hand  into  the  wound  and  grasping  the  artery  between  them  and  his 
thumb.     The  patient  being  thus  prepared,  and  the  india-rubber  band  or 
aortic  compressor  applied,  the  Surgeon  stands  so  as  to  have  his  left  hand 
to  the  flaps,  that  is  to  say,  behind  for  the  right  thigh,  and  in  front  for 
the  left.     An  amputating  knife  of  moderate   length  is  to  be  chosen. 
The  incision  is  commenced  about  two  inches  above  the  trochanter  and 
carried  firmly  down  to  the  bone  and  along  the  femur  to  about  six  or  seven 
inches  below  the  upper  end  of  the  bone.    At  this  point  the  incision  is  made 
to  bifurcate,  one  part  being  carried  in  a  curved  direction  forwards  for  about 
two  inches  and  the  other  backwards  in  the  same  way.    This  marks  the  point 
at  which  the  tranverse  part  of  the  incision  is  to  be  made.    The  limb  is  now 
abducted,  alid,  if  the  first  incision  has  been  made  with  sufiicient  firmness,  the 
operator  wiU  be  able  to  push  his  thumb  into  the  longitudinal  sht  which  has 
been  made  in  the  lower  parts  of  the  two  smaller  glutei.    The  muscles  thus 
being  put  on  the  stretch  by  the  Surgeon's  thumb,  the  point  of  the  knife 
is  made  to  cut  over  the  trochanter  and  down  the  upper  part  of  the  bone, 
separating  the  muscles  attached  to  it,  first  in  fi-ont  and  then  behind.  The 
limb  is  then  forcibly  adducted,  and  the  assistant  at  the  same  time  tries  to  lift 
the  head  of  the  femur  out  by  putting  one  of  his  hands  on  the  inner  side  of  the 
thigh  as  high  up  as  possible.    The  operator  then  opens  the  joint  by  making  a 
firm  cut  in  the  fine  of  the  superficial  incision,  so  as  to  make  a  vertical  slit  in 
the  capsule  and  to  divide  the  cotyloid  ligament,  and  thus  to  render  dislocation 
more  easy.    Another  incision  is  then  carried  transversely  through  the  capsule 
in  the  Une  of  its  attachment.    The  head  of  the  bone  then  starts  from  the 
socket,  and  the  point  of  the  knife  is  inserted  so  as  to  divide  the  round 
ligament.    If  the  head  does  not  come  out  readily,  the  Assistant  may  seize  the 
exposed  trochanter  with  a  pair  of  lion-forceps  and  drag  it  forcibly  outwards. 
The  remainder  of  the  capsule  on  the  inner  side  is  then  cut,  and  the  Assistant 
can  now  lay  hold  of  the  trochanter  and  pull  it  forcibly  out  of  the  wound,  and 
the  operator,  getting  his  knife  to  the  inner  side  while  he  holds  the  soft  parts 
out  of  the  way  with  his  left  hand,  gradually  separates  the  bone  from  its  attach- 
ments till  it  is  exposed  as  low  as  is  required.    During  this  part  of  the  opera- 
tion the  limb  must  still  be  adducted  to  the  greatest  possible  extent.  Having 
reached  the  point  at  which  the  commencement  of  the  transverse  part  of  the 
incision  has  been  already  marked,  the  Surgeon  turns  the  edge  of  the  knife  away 
from  the  bone  and  cuts  across  to  the  inner  side  of  the  limb,  thus  completing  the 
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imputation.  Durinj^  this  part  of  tlie  o]]evatiou  the  Assistant  must  bring  the 
limb  into  a  straight  line  witli  the  trnnlf.  The  artery  must  be  compressed  by 
another  Assistant  with  one  hand  iu  the  upper  part  of  tlie  wound.  If 
the  limb  be  very  muscular  it  is  a  good  plan,  after  having  enucleated  the  upper 
part  of  the  femur,  to  complete  the  circular  part  of  the  incision  by  cutting 
irora  without  inwards,  carrying  the  incision  only  through  the  skin  and  fat, 
which  may  then  be  turned  up  for  a  couple  of  inches,  the  inuscles  being  | 
divided  last  of  all  at  the  higher  level.  The  Avound  must  be  carefully  united 
with  sutures,  a  large  drainage-tube  being  inserted  at  the  outer  side.  The 
advantages  of  the  oval  method  are  :  first,  as  pointed  out  by  Furneaux  Jordan, 
it  leaves  a  smaller  wound  than  the  flap  amputation,  and,  secondly,  it  can  more 
easily  be  dressed  by  one  of  the  antiseptic  methods,  as  there  is  au  interval  of 
six  or  seven  inches  at  the  inner  side  of  the  stump  between  the  wound  and  the 
anus.  The  only  disadvantage  it  presents  is,  that  it  is  more  tedious  and  diffi- 
cult of  performance. 

In  order  still  further  to  diminish  the  size  of  the  wound,  some  Surgeons  have 
recommended  that  the  thigh  be  amputated  immediately  below  the  trochantei-s, 
first,  and  the  upper  part  of  the  femur  be  then  excised  from  the  wound. 

Results. — The  mortality  after  amputation  at  the  hip-joint  is  very  high,  as 
we  should  naturally  expect  from  the  size  of  the  part  removed  and  the  conse- 
quent shock  to  the  system.  The  rate  of  recovery  varies  greatly  according 
to  the  condition  of  the  limb  that  necessitates  tlie  operation.  Thus,  amputa- 
tion at  the  hip-joint  had  been  performed,  so  far  as  I  could  ascertain  from 
published  cases,  126  times  up  to  the  year  18G4;  of  these  76  died.  In  47 
instances  it  was  for  injury  :  of  these  35  proved  fatal  ;  whilst  in  42  cases  in  i 
which  it  was  done  for  chronic  disease,  24  recovered  and  only  18  died.  ' 

Primary  amputation  at  the  hip-joint  in  cases  of  severe  injmy  of  the  thigh,  by  ' 
gunshot  or  otherwise,  with  comminution  of  the  femur,  is  one  of  the  mosb  fatal  U 
operations  in  surgery.  In  all  the  12  cases  in  which  it  was  done  in  the  Crimea 
it  proved,  fatal ;  and  Legouest  has  collected  30  cases  of  this  amputation  for 
gunshot  injury,  in  all  of  which  the  operation  terminated  in  death.  Indeed, 
up  to  the  time  of  the  war  of  the  Rebellion  in  America,  there  was  no  authentic 
instance  of  recoveiy  under  these  circumstances.  But  in  the  elaborate  and  most 
able  surgical  history  of  that  great  war,  published  l)y  the  Surgeon-deneral, 
19  cases  of  primary  amputation  at  the  hip-joint  for  gunshot  injury  of  the 
femur  are  related.  Of  these  11  died  from  the  immediate  shock  of  the  opera- 
tion :  ;■)  died  between  the  2nd  and  the  10th  day  ;  one,  a  man  28  years  of  age, 
on  whom  the  operation  was  performed  by  Surgeon  Shippen  seven  hours  after 
the  receipt  of  his  wound,  was  in  perfect  health  four  years  after:  and  the 
remaining  two  cases  had  been  cured,  so  that  one  was  alive  and  well  two,  and 
the  other  six,  months  after  the  amputation. 

Intermed'iate  operations,  or  those  done  during  the  inflammatory  period, 
are  very  unsuccessful :  18  cases  that  occurred  in  the  American  war  were  all 
fatal. 

Secondary  amputation,  in  cases  of  attempted  preservation  of  the  limb  after 
severe  injuries  and  gunshot-wounds,  has  been  far  more  successful.  Four  cases 
in  which' J.  lloux  practised  it  in  the  French  campaign  of  1859  in  Italy  all 
recovered,  as  did  two  out  of  nine  in  which  it  was  practised  in  America. 

Re-ampulation  at  the  hip-joint  for  diseased  thigh-stumps  has  also  been  a 
successful  operation  :  4  out  of  7  American  cases  recovered.  I 


AMPUTATION  AT  THE  HIP.  143 

I  Amputation  at  the  hip-joint  for  disease  of  the  femur  has  undoubtedly  become 
B|ss  fatal  of  late  years  tbau  formerly.    This  is  owing  to  the  operation  being 
Hperformed  at  an  earlier  stage  of  the  disease  ;  to  a  better  selection  of  cases  ; 
^possibly  to  improved  methods  of  after-treatment ;  but  mainly  to  the  influence 
of  auEesthetics,  by  which  the  shock  to  the  system  necessarily  resulting  from  so 
A^ery  severe  a  mutilation  is  materially  lessened.    The  employment  of  Pancoast's 
aorta-compressor  and  the  elastic  band  will  probably  still  further  reduce  the 
mortality  by  lessening  the  loss  of  blood. 

The  more  extended  statistics  lately  published  by  Max  Schede  show  the 
following  results  : — Amputations  in  civil  practice, — for  injury,  55  cases,  with 
:39  deaths,  or  70-90  per  cent. ;  for  disease,  153  cases,  65  deaths,  or  42-68  per 
cent.  The  carefully  collected  statistics  of  L  lining  of  amputations  for  gunshot 
wounds  show  the  following  results :  primary  amputations — 90  cases,  84  deaths, 
or  93-33  per  cent. ;  intermediate  amputations  (from  second  to  fourth  day) — 22 
cases,  21  deaths,  or  95-45  per  cent. ;  secondary  or  late  amputations — 53  cases, 
42  deaths,  or  79-24  per  cent. ;  amputations  in  which  the  date  is  not  stated — 
«I5  cases,  60  deaths,  or  92-30  per  cent. 
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CHAPTER  IV. 


LOCAL  DISTURBANCES  OF  CIRCULATION  AND 
INFLAMMATION. 

Local  Disturbances  op  Circulatiok.— These  may  be  of  thi-ee  kinds — 
Local  Ansemia  ;  Active  Hyperffimia,  Active  Congestion  or  Detennination  of 
Blood  ;  and  Passive  Hyperasmia  or  Passive  Congestion. 

local  anemia. 

local  Anaemia  may  be  complete  and  permanent,  as  in  obliteration  of  the 
arteries  leading  to  a  part  by  the  formation  of  coagula  within  them,  by 
disease  of  their  coats,  by  pressure  from  without,  or  from  a  wound.  Com- 
plete aniemia  may  result  also  from  diflPused  pressure  acting  on  the  capillaries. 
This  condition  must  necessarily  lead  to  the  death  of  the  affected  part,  and 
will  be  considered  when  treating  of  gangrene.  Angemia  may  also  be  incomplete 
and  permanent  from  the  same  causes  acting  in  a  less  degree.  Whenever  from 
any  cause  the  arteries  leading  to  a  part  are  permanently  diminished  in  calibre, 
the  amount  of  blood  circulating  through  the  area  supphed  by  them  must 
necessarily  be  diminished,  and  the  tissues  will  suffer  in  proportion  to  the 
diminution.  Such  a  condition  is  very  common  from  degenerative  changes  in 
the  coats  of  the  arteries  in  old;  people.  Under  such  circumstances  the  nutri- 
tion is  impaired.  If  the  part  be  external,  as,  for  example,  a  limb,  it  is  colder 
than  natural ;  the  growth  of  the  epithelium  is  imperfect,  and  the  surface  is 
often  dry  and  scaly  ;  the  nails  are  brittle  and  grow  slowly  ;  the  muscles  are 
weak  and  are  liable  to  irregular  painful  contractions  or  cramp.  The  power 
of  resistance  to  external  injuries  is  lessened  :  a  slight  degree  of  cold  causes 
gangrene  ;  wounds  tend  to  slough  ;  ulceration  occurs  readily  in  the  skin  from 
superficial  abrasions  ;  and  inflammation  in  general  arises  from  causes  that 
Avould  be  harmless  to  a  healthy  part,  and  readily  assumes  a  spreading  fonn, 
terminating  in  suppuration  or  gangrene.  Permanent  local  ansemia  acts  there- 
fore as  one  of  the  most  important  predisposing  causes  of  inflammation. 

Temporary  local  anemia  may  be  produced  intentionally  by  the  Sm-geou,  as 
in  the  bloodless  method  of  operating  already  described,  or  by  pressure  applied 
to  arrest  bleeding.  Physiologically  it  is  produced  by  contraction  of  the 
muscular  fibre  cells  in  the  middle  coat  of  the  arteries.  This  may  be  brought 
about  by  direct  stimulation  of  the  artery,  such  as  occurs  from  mechanical 
injury,  cold  or  exposure  in  a  wound,  or  through  the  medium  of  the  vaso-motor 
nerves.  Stimulation  of  the  sympathetic  nerves,  either  direct  or  reflex,  causes 
temporary  contraction  of  the  vessels  in  the  area  supplied  by  the  nerves  to 
which  the  stimulus  is  applied.  As  familiar  examples  of  local  anajmia  from 
contraction  of  the  arteries,  we  may  take  the  dead-white  colour  of  fingers  or 
toes  from  exposure  to  cold,  and  the  anjemia  of  the  brain  with  insensibility, 
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which  occurs  in  the  coudition  known  as  concussion  after  a  blow  upon  the 
liead.  Local  anemia  of  one  part  may  also  result  from  hyperaamia  of  another, 
!is  the  amount  of  blood  in  the  body  is  not  nearly  sufficient  to  distend  all 
tlie  vessels  fully.  The  most  famihar  example  of  this  is  the  faiutness  from 
antemia  of  the  brain  which  results  from  immersing  the  body  in  a  hot  bath, 
liy  which  the  whole  of  the  cutaneous  vessels  become  widely  dilated,  thus  more 
or  less  draining  the  internal  parts.  In  whatever  way  temporary  local  angemia 
is  produced,  it  ceases  as  soon  as  the  cause  is  removed,  and  is  replaced  by 
hypertemia,  varying  in  intensity  with  the  duration  and  degree  of  the  previous 
antemia.  Familiar  examples  of  this  are  :  the  red  glow  that  succeeds  when  the 
fingers  recover  after  having  been  " dead"  with  cold,  and  the  blush  and  oozing 
of  blood  that  follow  the  removal  of  the  tourniquet  in  bloodless  methods 
of  operating. 

ACTIVE    LOCAL    HYPEREMIA,    ACTIVE    CONaESTION,    DETERMINATION  OF 

BLOOD    OR  FLUXION. 

Active  Congestion  consists  essentially  of  an  increased  flow  of  blood 
to  a  part,  owing  to  a  dilatation  of  the  arteries  ft'om  relaxation  of  their 
musculaa-  coat.  The  term  "  increased  vascular  action  "  has  been  often  applied 
to  it,  although  it  is  evident  that  the  only  action  an  artery  is  capable  of, 
viz.,  narrowing  of  its  calibre  by  contraction  of  its  muscular  coat,  diminishes 
the  afflux  of  blood.  Determination  of  blood  is  often  very  transitory,  and 
frequently  occurs  as  a  normal  process  when,  for  temporary  purposes,  an  in- 
creased supply  of  blood  is  called  for  by  a  particular  organ.  The  turgor  of 
the  erectile  tissues,  and  the  afflux  of  blood  to  the  salivary  glands  dm'ing 
secretion,  afford  familiar  examples. 

An  increased  local  supply  of  blood  is  intimately  associated  with  most 
surgical  processes.  Tlae  separation  of  dead  parts,  the  repair  of  wounds  and 
the  healing  of  ulcers  cannot  take  place  without  it.  Every  vascular  tissue 
is  susceptible  of  it  ;  and  in  active  processes  in  non-vascular  tissues  it  occurs 
in  the  nearest  vessels.  The  Surgeon  often  excites  it  intentionally  as  one 
of  the  most  efficient  of  his  therapeutic  means.  Under  some  circmnstances, 
therefore,  it  can  scarcely  be  considered  a  morbid  condition.  It  is,  however, 
frequently  associated  with  disease,  forming  as  it  does  an  essential  part  of 
all  inflammatory  processes. 

Causes. — The  regulation  of  the  circulation  is  under  the  control  of  the  vaso- 
motor nerves,  which  in  most  parts  pass  through  the  sympathetic  system,  though 
primarily  derived  from  the  cerebro-spinal  axis.  We  have  before  seen  that 
stimulation  of  the  sympathetic  causes  contraction  of  the  arteries  and  thereby 
local  anajmia  ;  inhibition  or  paralysis  of  the  sympathetic,  on  the  otlier  hand, 
causes  dilatation.  Thus  when  the  sympathetic  nerve  in  the  neck  of  a  dog  or 
rabbit  is  divided,  or  when  in  man  it  is  pressed  on  by  a  tumour  or  an  aneurism, 
the  arteries  on  the  corresponding  side  of  the  head  become  dilated,  a  greater 
afflux  of  blood  takes  place,  reddening  of  the  skin  and  mucous  surfaces  occurs, 
and  the  temperature  is  increased— in  other  words,  determination  of  blood  or 
active  hypersemia  results.  The  contraction  of  the  vessels  that  occurs  on 
stimulation  of  the  sympathetic  is  always  followed  after  a  longer  or  shorter 
interval  by  relaxation  with  hyperaamia.  The  A'aso-uiotor  nerves  may  also  be 
affected  by  reflex  stimuli.  Thus  irritation  of  a  sensory  nerve  usually  causes 
immediate  dilatation  of  the  vessels  in  the  area  supplied  by  that  nerve.  xVnother 
vor,.  I.  "  . 
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marked  example  of  reflex  hyperaimia  is  the  engorgement  of  the  kidney  tliat 
often  follows  operations  upon  the  urethra,  and  may  teiminate  fatally.  An 
irritant  applied  directly  to  a  part  may  cause  dilatation  of  the  vessels  in  two 
■ways,  first,  in  a  reflex  manner  by  acting  on  the  sensory  nerves  of  the  part ; 
and  secondly,  by  acting  injuriously  on  the  arteries  themselves,  and  paralysing 
their  muscular  coats.  Thus,  a  blister  when  first  applied  causes  redness  by 
acting  on  the  sensory  nerves ;  but  after  it  has  been  on  some  time,  its  action 
extends  sufficiently  deeply  to  exert  a  directly  injurious  influence  on  the  vessels 
themselves.  This  latter  condition  is  a  part  of  true  inflammation,  Hyper- 
tBmia  always  accompanies  the  exercise  of  function  ;  it  occurs  in  glands  during 
secretion,  in  muscles  during  exertion,  &c.  To  this  class  of  causes  may  also  be 
referred  the  various  forms  of  normal  determination  such  as  erection,  or  the 
enlai-gement  of  the  mammary  vessels  during  pregnancy.  Lastly,  ansemia  of 
one  part  may  be  associated  with  hyperaimia  of  another,  contraction  of  the 
arteries  in  the  one  causing  a  sympathetic  dilatation  of  the  vessels  of  the  other. 
Thus  exposm'e  of  the  surface  to  cold  may  cause  hy]3erEemia  of  the  lungs, 
intestines,  or  kidneys. 

Symptoms. — The  symptoms  of  determination  of  blood  as  seen  in  an 
external  part,  are  those  that  we  should  expect  to  result  from  an  increased 
quantity  of  blood  rushing  with  increased  velocity  through  the  affected  textures. 
They  are  as  follows  : — Eedness  of  a  bright  scarlet  hue,  swelling  or  rather 
fulness  of  the  part  fi-om  turgescence  of  the  vessels,  heat  appreciable  to  the 
Surgeon's  hand  as  well  as  to  the  patient's  own  sensations,  a  feeling  of  tension 
and  throbbing,  with  an  increase  in  the  quantity  of  the  secretions  of  the  part. 

Effects. — The  effects  of  simple  hypersemia  can  rarely  be  studied  uncom- 
plicated by  other  conditions.  It  may,  however,  be  broadly  stated,  that  so  long 
as  the  walls  of  the  vessel  are  healthy,  mere  increased  flow  of  blood  causes  no 
evil  consequences  in  the  affected  area.  In  all  cases  in  which  it  is  the  result  of 
local  irritation,  it  is  complicated  by  a  greater  or  less  degree  of  true  inflamma- 
tion. In  cases  of  hypereemia  from  pressure  upon  the  sympathetic  in  the  neck, 
there  is  some  fulness  of  the  face  but  no  actual  redema,  and  in  many  cases 
jjrofuse  sweating  of  the  affected  side  of  the  face  occurs.  It  gives  rise  to  no 
tendency  to  capillary  haamorrhage,  provided  the  vessels  are  healthy  ;  but  long 
continued  or  frequently  repeated  determination  of  blood  causes  permanent 
■dilatation  of  the  capillaries,  and  some  thickening  of  their  walls.  In  glandular 
organs  active  hyperaamia  causes  an  excessive  flow  of  secretion.  Occasionally 
it  may  cause  hypertrophy  ;  thus,  the  skin  may  assume  a  warty  appearance 
from  hypertrophy  of  its  papilte  in  the  hyperajmic  area  round  an  ulcer, 
and  sometimes  there  may  be  an  excessive  growth  of  hair  from  the  same 
<;au8e. 

PASSIVE  CONGESTION. 

Passive  Congestion  or  Passive  Hypereemia  plays  an  important  part 
in  pathology  ;  it  gives  rise  to  serious  structural  changes,  and  acts  a.s  a  powerful 
predisposing  cause  of  inflammation.  It  consists  of  accumulation  of  blood  in 
the  affected  part  from  interference  with  its  free  return  towards  the  heart. 
The  blood  in  the  affected  area  is  not  only  gx'catly  increased  in  quantity,  but  it 
circulates  languidly,  and,  froni  its  prolonged  stay  in  the  capillaries,  it  becomes 
more  completely  de-oxidised  than  natural,  and  is  consequently  of  a  dai'ker 
colour.     The  arteries  are,  at  most,  of  their  normal  size,  or  even  may  be 
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contracted,  while  ihe  \-cins  aud  capillaries  are  distended.  When  the  circula- 
tion in  the  congested  part  becomes  cora]iletely  arrested,  stagnation  is  said 
to  occur. 

Causes. — The  causes  of  passive  hyperaamia  may  be  grouped  under 
the  following  heads  : — 1.  Diminution  or  loss  of  any  of  the  natural  forces 
engaged  in  maintaining  the  circulation  ;  2.  Abnormal  resistance,  a,  in  the 
veins,     in  the  capillaries,  and  c,  in  the  arteries  ;  3,  The  force  of  gravity. 

1.  The  three  great  forces  concerned  in  maintaining  the  circulation  are,  the 
force  of  the  heart,  the  aspiratory  force  of  respiration,  and  muscular  contrac- 
tions in  the  limbs  driving  the  blood  along  the  veins  in  the  direction  deter- 
mined by  the  arrangement  of  the  valves.  Extreme  Aveakness  of  the  heart's 
acition  is  a  common  cause  of  passive  congestion,  its  propulsive  power  not  being 
sufficient  to  overcome  the  normal  resistance  in  the  capillaries,  which  conse- 
ouently  become  gorged  Avith  blood.  Thus  we  see  congestion  of  the  extremi- 
ties in  exhausting  fevers,  and  the  same  condition  readily  occurs  in  old  people. 
The  diminution  of  the  aspiratory  force  of  respiration  seldom  plays  an  impor- 
tant part  in  the  causation  of  passive  congestion,  but  it  no  doubt  aids  in  the 
production  of  those  passi\'e  congestious  of  the  viscera  so  commonly  met  with 
in  patients  dying  gradually  of  exhausting  diseases.  The  coldness  and  conges- 
tion of  paralysed  hmbs  furnish  a  good  example  of  passive  hypersemia  due  to 
failure  of  the  third  force  above  mentioned.  Passive  congestion  from  this 
cause  however  more  commonly  arises  from  incompetence  of  the  valves  of 
the  veins — a  condition  met  with  in  all  cases  of  varicose  dilatation.  When 
the  valves  are  no  longer  competent,  pressure  itpon  a  part  of  a  vein  will  drive 
the  contained  blood  l)ack\vards  towards  the  capillaries,  almost  as  readily  as 
forwards  towards  the  heart. 

2.  Increased  resistance  to  the  flow  of  blood  (a)  throiujh  the  veins  is  the  most 
common  cause  and  produces  the  most  typical  form  of  passive  congestion.  The 
cause  of  obstruction  may  be  inside  or  outside  the  vein,  the  former  being  such 
conditions  as  pressure  of  tumours,  or  of  fseces  on  the  pelvic  veins,  partial 
strangulation  (as  in  hernia),  &c.  ;  and  the  latter,  coagulation  of  blood  in  the 
vein,  with  or  without  inflammation  of  its  coats,  as  in  white  leg  after  labour. 

(&.)  Increased  resistance  in  the  capillaries  and  smaller  veins  of  such  a  kind 
as  to  give  rise  to  congestion  is  met  with  as  a  consequence  of  altered  vital 
relations  between  the  walls  of  the  vessels  and  the  contained  blood,  of  such  a 
kind  that  the  corpuscles  show  an  unnatural  tendency  to  adhere  and  thus  retard 
tlie  blood-stream.  This  is  an  essential  feature  of  inflammation,  aud  will  be 
described  with  that  process. 

(c.)  Increased  resistance  in  the  arteries  is  a  common  cause  of  passive 
hypersemia.  Thus,  in  old  people,  the  arteries  of  the  legs  are  freiiuently 
nan-owed  by  degenerative  changes  in  their  coats  to  such  an  extent  that, 
although  allowing  sufficient  blood  to  pass  to  fill  tlie  vessels  beyond,  the  force 
of  the  iieart  is  almost  completely  expended  before  the  blood  reaches  the  veins, 
and  thus  partial  stagnation,  with  accumulation  in  the  capillaries  takes  place! 
The  most  extreme  congestion  is  also  met  with  when  a  small  terminal  artery, 
t.e.,  one,  the  branches  of  which  have  no  anastomosis  with  neighbourino- 
arteries,  becomes  suddenly  plugged  by  an  embolon  ;  that  is  to  say,  by  a  solid 
body,  such  as  a  clot  washed  into  it  by  the  blood-stream.  As  an  immediate 
effect  of  the  oljliteration  of  the  vessel  the  area  supplied  by  it  becomes  naore  or 
less  (completely  bloodless,  but  before  long  it  is  found  to  be  gorged  with  blood. 
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This  process  of  liajinorrhagic  infarction,  as  it  is  termed,  occurs  ia  the  lung, 
spleen,  and  kidney.  According  to  Cohnheim  tlie  blood  which  distendis  tlie 
vessels  in  the  congested  area  enters  by  regurgitation  from  the  surrounding 
capillaries  and  veins.  These  infarcts  are  always  found  in  the  superficial 
parts  of  the  affected  organs,  and  Litten,  in  opposition  to  Cohnheira's  view, 
maintains  that  the  blood  finds  its  way  into  the  anaemic  area  from  the  small 
arteries  of  the  pleura  in  the  lung,  or  of  the  capsule  in  the  spleen  or  kidney, 
and  not  by  regurgitation  from  surrounding  vessels. 

A  somewhat  similar  condition  of  intense  passive  congestion  is  very  frequently 
met  with  by  the  Sm-geon  in  undermined  portions  of  skin  which  have  been 
deprived  of  their  direct  arterial  supply  by  destruction  of  the  subcutaneous 
tissue,  as  in  phlegmonous  eiysipelas  or  superficial  strumous  abscesses.  The 
blue  undermined  skin  thus  produced,  may  hover  between  life  and  death  for 
months,  delaying  healing  indefinitely,  and  at  last  requiring  destruction  before 
a  cui-e  can  be  obtained. 

3.  The  force  of  gravity  plays  an  important  part  in  many  cases  as  a  cause  of 
passive  congestion,  especially  in  the  pelvic  viscera,  the  veins  of  wliich  are 
unprovided  vsdth  valves.  Its  effects  are,  however,  even  more  marked  in  the 
leg  when,  as  the  result  of  disease,  the  valves  have  become  incompetent. 
Under  these  circumstances  the  increased  pressure  leads  to  dilatation  of  the 
veins  and  capillaries,  and  consequently  retards  the  flow  of  blood  thi'ough 
them.  This  condition  is  termed  hypostatic  congestion.  The  most  famiUar 
examples  are  congestion  of  the  legs  from  continued  standing,  and  of  the 
posterior  part  of  the  lungs  of  those  who  have  been  long  confined  to  a  recumbent 
position. 

Any  of  the  above  causes  may  act  singly  or  in  combination  with  others. 

Effects. — These  are  of  much  surgical  importance.  The  fii'st  change  that 
usually  takes  place  is  transudation  of  the  more  watery  constituents  of  the 
blood  into  the  surrounding  tissues.  Hence  the  spaces  of  the  areolar  tissue  are 
distended  by  the  effused  fluid,  giving  rise  to  the  condition  known  as  wdcma. 

If  the  turgidity  of  the  vessels  be  great  and  especially  if  their  walls  l^e 
unhealthy,  rupture  will  occur,  and  haemorrhage  from  the  surface  or  into  the 
substance  of  the  part  will  ensue.  Observations  made  on  the  frog's  foot  after 
ligature  of  the  main  vein  show,  however,  that  in  moderately  intense  conges- 
tion, the  red  corpuscles  pass  through  the  walls  of  the  capillaries  into  the  sur- 
rounding tissues,  without  any  apparent  rupture,  by  a  pi'ocess  of  diapedesis. 
This  may  occur  with  the  passage  of  very  few  Avhite  corpuscles  provided  the 
vessels  are  healthy.  The  red  corpuscles  that  thus  escape  from  the  vessels 
break  up  and  are  absorbed,  but  some  of  the  altered  blood-pigment  remains 
behind  and  causes  the  grey  pigmentation  of  mucous  membranes  or  the  brown 
colouring  of  the  skin,  which  is  so  characteristic  of  re])eated  or  long  continued 
C(;ngestion. 

Induration  from  the  growth  of  fibroid  tissue,  chiefly  around  the  distended 
vessels,  is  an  almost  constant  effect  of  repeated  or  long  continued  l)assi^•e 
congestion.  But  although  the  affected  part  may  be  increased  in  bulk,  the 
normal  tissue  is  atrophied  from  the  pressure  of  the  new  growth.  Perhaps  the 
best  illustration  of  this  process  is  afforded  by  i\^Qnxdmp(f  hvor  that  is  frequently 
found  associated  with  obstructive  disease  of  the  heart.  It  may  be  said  briefly 
that  the  two  most  marked  posl-moHem  signs  of  prolonged  or  repeated 
congestion  are  pigmentation  and  indm'ation. 
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The  uiosfc  important  effect,  however,  of  passive  hypenemia  is,  perhaps,  the 
lowering  of  the  vitality  of  the  affected  part,  readeriug  it  prone  to  inflame  or 
ulcerate  from  slight  causes.  In  congestion,  although  the  part  contains  a  great 
excess  of  blood  at  any  given  time,  this  is  not  changed  with  sufficient  frequency, 
and  consequently  the  amount  that  circulates  is  really  less  than  natural. 

Symptoms. — Passive  congestion  of  an  external  part  may  be  readily 
recognised  by  the  changes  it  induces  in  the  colom-,  the  size,  the  feel,  the 
temperature,  and  the  fmictions  of  the  part.  The  colour  ranges  from  dark  red 
to  bluish  pm-ple,  but  if  the  affected  part  has  been  exposed  frequently  to  pre- 
vious attacks  of  congestion,  it  may  be  darkly  pigmented  and  brown  in  colour  ; 
it  is  increased  in  size  ;  if  the  congestion  is  recent  and  acute  it  is  soft  from 
cedema,  and  pits  under  the  pressm-e  of  the  finger  ;  if  it  is  old  and  chronic  the 
tissues  ai-e  indurated  and  brawny.  The  patient  is  conscious  of  a  heavy,  dull, 
aching  sensation,  scarcely  amounting  to  pain,  but  yet  attended  with  uneasi- 
ness. The  temperature  is  never  above,  but  often  below,  the  natural  standard, 
and  the  functions  are  lessened  in  activity. 

The  existence  of  congestion  in  an  internal  organ  may  be  ascertained  by 
finding  its  size  increased  and  its  functions  modified,  with  a  sensation  of  weight 
in  it.    The  symptoms  are  often,  however,  very  obscure. 

Treatment. — No  treatment  of  passive  congestion  can  be  completely 
successful  unless  the  cause  can  be  removed.  The  first  indication  consists  in 
the  removal  of  any  source  of  obstruction  to  the  return  of  blood  from  the  part, 
as  by  loosening  a  tight  bandage,  or  elevating  a  part  that  has  been  too  long 
dependent.  If  the  congestion  be  due  to  the  feeble  action  of  the  heart, 
stimulants  and  digitalis  may  be  of  service  in  relieving  it. 

The  next  indication  consists  in  lessening  the  quantity  of  blood  in  the 
congested  part.  The  mere  removal  of  the  obstructing  cause  may  effect  this  ; 
but  the  desired  effect  is  often  hastened  by  the  dii-ect  removal  of  blood  by 
scarification,  or  by  the  application  of  leeches.  The  over-distended  vessels  may 
in  some  cases  be  relieved  by  promoting  a  free  secretion  from  the  part,  as  by 
the  administration  of  purgatives  for  portal  congestion.  In  some  parts,  again, 
the  judicious  appHcation  of  pressure  by  means  of  a  bandage  will  prevent 
or  reheve  congestion  by  limiting  oedema  and  by  compressing  the  dilated 
vessels,  and  so  causing  the  blood  to  flow  more  rapidly  through  them,  provided 
the  pressure  be  not  sufficiently  powerful  to  interfere  with  the  cm-rent  through 
the  arteries.  With  this  view  elastic  pressure  is  applied  to  support  varicose 
veins  in  the  leg,  and  to  diminish  the  mechanical  hypertemia  of  the  skin  that 
usually  accompanies  them. 

The  third  indication  in  the  treatment  of  congestion  consists  in  stimulating 
contraction  of  the  dilated  vessels  by  the  direct  application  of  an  astringent  to 
them  ;  thus  we  apply  nitrate  of  silver  to  congested  mucous  membranes,  and 
cold  douches  to  many  external  forms  of  passive  hyperemia,. 


STEANaXJLATION. 

Strangulation  is  the  obstruction  of  the  circulation  caused  by  a  narrow 
cii-cle  of  pressure  acting  both  upon  the  arteries  and  veins,  as  when  a  tight 
bandage  is  applied  round  a  limb.  Strangulation  may  bo  at  once  complete, 
the  circulation  through  b(jth  arteries  and  veins  being  simtdtaneously  arrested, 
as  in  the  application  of  the  tourniqiiet.  The  circulation  below  the  band  is  at 
once  arrested,  but  no  visible  changes  occur  in  the  part,  nor  woidd  they  do  so 
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till  gaugreue  and  decomposition  coinraeiiced.  In  cases  in  which  straiigidatioii 
is  accidental  or  pathological  it  is  more  conimonly  iiico]n])letc  at  first  ;  the 
obstruction  acts  first  on  the  veins,  owing  to  the  lower  blood-]ti'esBui'e  within 
them,  the  flow  through  the  arteries  continuing.  As  a  consequence  of  this  the 
phenomena  of  passive  congestion  appear  in  their  most  intense  form  ;  the  parts 
below  the  constriction  are  gorged  with  blood,  ])urple  or  ])lack  in  colour,  and 
become  cold  and  numb.  There  is  great  swelling,  and  often  abundant  escape 
of  red  coriDuscles  from  the  vessels,  or  rupture  of  the  capillaries  with  extrava- 
sation of  blood.  As  the  part  swells  the  constriction  becomes  tighter,  the 
obstruction  to  the  arterial  flow  increases,  till  finally  circulation  is  completely 
arrested  and  gangrene  sets  in. 

INFLAMMATION. 

The  study  of  the  inflammatory  process  is  one  of  the  most  important  on 
which  the  Surgeon  can  enter  ;  inasmuch  as  an  acquaintance  with  its  nature, 
symptoms,  and  progress,  gives  an  insight  into  the  greater  part  of  the  Science 
of  Surgery.  The  management  of  inflammation  as  it  affects  different  tissues 
and  organs,  comprises  a  great  part  of  the  duties  of  a  Surgeon.  The  Theory 
of  Inflammation  is  a  purely  physiological  and  pathological  study  ;  and,  how- 
ever interesting  its  investigation  may  be,  it  cannot  be  entered  upon  hero 
otherwise  than  in  outline.  To  gain  a  fuller  acquaintance  with  it  the  student 
must  consult  works  on  general  pathology  and  the  writings  of  those  Avho  have 
made  the  process  of  inflammation  the  subject  of  special  investigation.* 

The  scientific  study  of  inflammation  may  be  said  to  date  from  the  publica- 
tion of  John  Hunter's  celebrated  "  Treatise  on  the  Blood,  Inflammation  and 
Gtm-shot  Wounds."  His  knowledge  was,  however,  necessarily  limited  by  his 
not  having  at  command  the  means  of  observing  the  process  microscopicafly  in 
the  living  tissues  of  animals.  As  soon  as  the  improvements  in  the  microscope 
rendered  this  mode  of  iuA^estigation  possible  it  was  actively  prosecuted  in  this 
country  by  Travers,  C.  J.  B.  Williams,  Addison,  Waller,  Wharton  Jones  and 
Paget,  all  of  whom  made  important  additions  to  our  knowledge.  Hunter,  and 
most  of  his  more  immediate  followers,  regarded  inflammation  as  a  process  in 
which  the  normal  acts  of  nutrition  were,  although  altered  and  perverted,  more 
active  than  in  health.  Paget,  on  the  other  hand,  had  observed  and  accm-ately 
described  the  degenerative  changes  to  be  observed  in  tissues  affected  by  acute 
inflammation.  In  1858,  Lister,  continuing  this  line  of  observation,  arrived  at 
the  conclusion  that  the  essential  feature  of  the  inflammatory  process  is  a  more 
or  less  complete  suspension  of  functional  activity  in  the  afi'ected  tissues  as  a 
consequence  of  some  injurious  influence  acting  uptm  them.  This  tlieory  being, 
however,  difficult  to  reconcile  with  the  "  Cellular  Pathology  "  of  Yirchow,  in 
so  far  as  that  system  referred  to  inflammation,  met  with  but  little  favour  till 
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after  the  l•edisco^•ely  by  Cohuheim  in  1867  of  the  migration  of  the  wliite 
corpuscles  of  the  blood  from  the  vessels  during  inflammation,  a  process  by 
which  the  appearance  of  new  cells  in  an  acutely  inflamed  area  was  fully  accounted 
for,  without  the  necessity  of  supposing  any  increased  activity,  either  nutritive 
or  formative,  in  the  original  tissues  of  the  part  during  the  early  stages  of  the 
process.  From  this  time  forwards  all  observations  have  tended  in  the  same 
direction,  until  at  the  present  day,  the  definition  of  inflammation  given  by 
Burdon-Sanderson  in  1870,  would  be  almost  universally  accepted  :  "  Inflam- 
mation is  the  succession  of  changes  which  occurs  in  a  living  tissue  when  it  is 
injured,  provided  that  the  injury  is  not  of  such  a  degree  as  at  once  to  destroy 
its  structure  and  vitality." 

Our  knowledge  of  inflammation  is  derived  chiefly  from  observations  of  the 
process  artificially  induced  in  some  transparent  tissue  in  a  living  animal.  The 
web  of  the  foot,  and  the  mesentery  of  the  frog,  and  the  tongue  of  the  toad, 
have  been  chiefly  made  use  of.  In  order  to  prove  the  fact  that  the  processes 
observed  in  the  frog  are  identical  with  those  that  occui-,  under  similar  circum- 
stances, in  mammals,  the  wing  of  the  bat  was  used  by  Paget,  and  more  lately 
the  mesentery  of  the  rabbit  has  also  been  successfully  experimented  upon. 
Lastly,  Hueter,  by  observations  made  on  the  mucous  membrane  of  the  lij), 
showed  that  the  processes  observed  in  man  are  identical  with  those  that  occur 
in  the  lower  animals.  Microscopic  examination  of  prepared  specimens  of 
inflamed  human  tissues  also  shows  appearances  which  are  readily  explained  by 
what  is  seen  to  take  place  during  actual  observation  of  the  process  of  inflam- 
mation in  the  frog. 

If  the  web  of  a  frog's  foot  be  spread  out  and  examined  with  the  microscope, 
the  blood  is  seen  to  flow  in  a  continuous  stream  through  the  small  arteries, 
capillaries  and  veins.  In  any  vessel  which  is  of  suificient  size  to  allo^\•  several 
corpuscles  to  pass  at  the  same  time,  the  red  cor]Kiscles  flow  in  the  centre  of 
the  stream,  forming  a  yellow  line,  while  on  each  side  of  this  is  a  colourless  zone, 
free  from  red  corpuscles,  known  as  the  inert  or  plasmatic  layer.  In  the  inert 
layer  is  seen  an  occasional  colourless  corpuscle,  passing  somewhat  lazily  along, 
with  some  tendency  to  adhere  to  the  wall  of  the  vessel.  If  fi-om  any  cause  the 
stream  be  slow  enough  to  allow  of  the  individual  red  corpuscles  being  observed, 
it  wiU  be  seen  that  they  show  no  tendency  to  adhere  to  each  other  or  to  the 
wall  of  the  vessel :  although,  as  every  one  knows,  when  removed  from  the 
influence  of  the  living  vessels  they  show  a  remarkable  degree  of  adhesiveness, 
sticking  not  only  to  each  other  but  to  every  solid  body  with  which  they  come 
m  contact.  The  arteries  sho-\v  constant  slight  variations  in  calibre,  which  are 
not  rhythmical,  and  are  dependent  on  causes  the  exact  nature  of  which  is 
imcertain.  The  flow  through  the  capillaries  varies  in  rapidity  with  the  state 
of  the  arteries,  being  more  rapid  when  they  are  dilated  and  slower  when  they 
are  contracted.  In  observing  the  foot  of  the  frog,  there  will  also  be  seen  "a 
beautiful  system  of  branched  cells  containing  pigment-granules,  by  means  of 
which  the  animal  is  able  to  change  the  tint  of  its  skin.  When  the  pigment  is 
collected  into  a  closely  packed  mass  round  the  nncleus  of  the  cell,  the  frog  is 
pale  ;  when  it  is  diffused  evenly  throughout  the  whole  cell,  the  animal  becomes 
of  a  darker  tint.  These  variations  of  tint  occur  under  the  influence  of  light, 
the  fi-og  becoming  pale  when  exposed  to  bright  light  and  dark  under  the 
opposite  condition.  Thus,  then,  in  the  healthy  web,  there  are  three  phenomena 
of  easy  observation,  which  indicate  the  \-ital  actiAaty  of  the  tissues  the 
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want  of  adhesiveness  of  tlie  corpuscles,  the  variations  iu  the  calibre  of  the 
artery  and  the  movement  of  the  pigment  cells.  There  is  yet  another  sign  of 
health  which  is  not  to  be  observed  with  equal  ease,  and  that  is  that  the  capillaries 
allow  no  more  serum  to  exude  through  their  walls  than  is  necessary  for  the 
healthy  nutrition  of  the  surrounding  tissues,  and  the  amount  is  such  that  any 
excess  can  be  readily  drained  away  by  the  lymphatics. 

Supposing  now  that  some  irritating  substance  be  applied  to  the  web,  the 
normal  phenomena  just  described  will  be  disturbed  proportionately  to  the 
potency  of  the  iiTitant  employed,  or,  in  other  words,  to  the  degi-ee  of  injury 
done  to  the  tissues.  The  immediate  effect  of  such  an  injury  is,  in  most  cases, 
a  dilatation  of  the  arteries,  with  an  increased  pow  of  1)tood  to  the  area  injured. 
Tliis  is  spoken  of  as  determination  of  blood  to  the  part, — active 
hyperaemia, — active  congestion — or  fluxion.  Some  imtants,  such  as 
ammonia  or  mechanical  violence,  cause  contraction  which  precedes  the  dilata- 
tion, but  this  is  always  of  brief  continuance  and  of  but  little  importance. 
The  widening  of  the  artery  allows  a  greater  quantity  of  blood  to  flow  into  the 
capillaries  which  consequently  become  dilated  in  their  turn.  Many  which 
in  the  contracted  state  contained  no  corpuscles,  and  were  consequently 
invisible,  now  become  apparent  as  the  increased  blood  stream  enters  them,  and 
thus  new  vessels  seem  to  start  into  existence.  The  flow  through  the  capillaries 
is  at  the  same  time  accelerated.  After  a  short  time  the  dilatation  extends  to 
the  vein.  It  would  seem  at  first  sight,  that  dilatation  of  the  channels 
thi'ough  which  the  blood  is  flowing,  would  lead  to  a  slackening  of  the  current 
rather  than  an  increased  rapidity  of  flow  ;  and  so  it  would,  if  the  dilatation 
occurred  equally  in  arteries,  capillaries  and  veins, — but  this  is  not  the  case. 
The  small  arteries  are  capable  of  very  great  variations  in  size,  sometimes 
contracting  almost  to  obliteration  and  at  others  expanding  to  many  times  their 
ordinary  calibre.  The  capillaries,  on  the  other  hand,  are  capable  of  pro- 
portionally much  less  dilatation,  and  such  widening  as  does  take  place  is 
purely  passive  and  a  consequence  of  the  increased  pressiu-e  caused  by  the 
relaxation  of  the  arteries.  The  artery  in  a  dilated  state  will  admit  to  the 
capillaries  it  supplies  many  times  the  quantity  of  blood  it  allows  to  pass  when 
contracted,  but  the  combined  sectional  area  of  the  capillaries  is  increased  only 
by  a  fractional  part.  It  is  evident,  therefore,  that  the  rapidity  of  the  flow 
must  be  increased. 

The  cause  of  the  arterial  dilatation  is  twofold.  It  has  been  shown  by 
experiment  that  irritation  of  a  sensory  nerve  causes  dilatation  of  the  arteries 
in  the  whole  area  supplied  by  that  nerve.  This  is  a  purely  reflex  phenomenon. 
Part  therefore  of  the  dilatation  is  due  to  this  cause,  and  is  not  accurately 
limited  to  the  area  injured.  In  the  damaged  area  itself,  howevei',  the  dilatation 
is  chiefly  due  to  the  direct  efTbct  produced  upon  the  vessels  of  the  ]5art  by  the 
injury  that  has  caused  the  disturbance  ;  here  the  muscular  tissue  of  the  small 
arteries  is  paralysed.  That  this  is  so  is  further  shown  by  the  fact  that  the 
degree  of  the  dilatation  is  fixed  and  uniform,  all  those  variations  before  men- 
tioned as  occurring  in  health  being  absent. 

If  tlie  irritant  applied  to  the  web  of  the  frog's  foot  be  more  powerful,  it 
will  be  difficult  to  observe  either  the  stage  of  contraction,  supposing  it  to 
occur,  or  the  stage  of  dilatation  with  increa.sed  rapidity  of  flow,  for  before 
the  microscope  can  be  brought  to  bear  on  the  web,  the  circulation  will  have 
undergone  a  third  change.    Tlic  vessel  will  be  dilated  as  widely  as  possible. 
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but  the  jioiv  of  blood,  instead  of  heing  increased  in  rapiditij,  ivill  he  retarded 
or  even  arrested.  In  order  to  observe  tlie  development  of  this  state  of  the 
circulatiou  with  greater  accuracy  the  mesentery  of  the  frog  must  be  made  use 
of,  and  no  further  irritation  than  exposure  to  tlie  air  should  be  apphed.  In  a 
mesentery,  properly  prepared  and  protected  fi'om  needless  sources  of  irritation, 
the  retardation  of  the  blood-stream  may  be  delayed  for  many  hours.  Coinci- 
dently  with  the  first  signs  of  retardation  of  the  blood-stream,  a  change  is 
observed  in  the  relation  of  the  corpuscles  to  each  other  and  to  the  walls  of  the 
vessels.  They  no  longer  flow  I'reely  and  separately  onwards,  but  show  an 
adhesiveness  not  observed  before,  in  consequence  of  whicli  they  tend  to  stick 
to  each  other  and  to  the  wall  of  the  vessel  through  which  they  are  ])assiug. 
We  have  before  seen  that  even  in  health  the  colourless  corpuscles  show  some 
degree  of  adhesiveness  and  are  to  be  seen  rolling  along  the  wall  of  the  vessel 
in  the  inert  layer.  It  is  not  surprising,  thereibre,  that  the  first  signs  of 
increased  adhesiveness  are  noticed  in  the  white  corpuscles,  which  fall  out  of 
the  axial  stream  more  and  more  and  adhere  to  the  walls  of  the  vessels  while 
the  red  continue  to  pass  onwards.  Thus,  after  a  short  time,  a  gi-eat  increase  of 
colourless  corpuscles  is  observed  in  the  vessels  of  the  inflamed  area  ;  and  in  the 
small  veins,  in  which  the  force  of  the  circulatiou  is  least,  they  soon  form 
a  uniform  layer,  almost  like  an  epithelium,  adhering  to  the  inner  coat  of  the 
vessel.  They  are,  as  it  were,  filtered  out  of  the  passing  blood,  the  red  moving 
on  whilst  they  remain  behind.  After  a  short  time,  as  the  vitality  of  the 
mesentery  fails,  the  red  corpuscles  also  begin  to  become  arrested  in  their  passage 
through  the  vessels,  first  in  the  veins  and  capillaries  and  finally  in  the  arteries. 
In  the  capillaries,  owing  to  the  small  size  of  the  vessels,  which  mostly  allow 
only  a  single  line  of  corpuscles  to  pass,  the  separation  of  the  colourless 
corpuscles  from  the  red  cannot  take  place,  and  here  we  find  the  red  and  white 
mixed  together.  In  the  small  arteries  the  first  sign  of  retardation  is  that  a 
few  corpuscles  stick  to  the  inner  coat  during  diastole  of  the  heart,  and  are 
driven  on  at  the  next  systole  ;  and  thus  the  stream,  which  in  health  is  uniform 
in  the  more  minute  arteries,  becomes  pulsating.  As  the  vitality  of  the  part 
sinks  still  lower  the  accumulation  of  corpuscles  increases  till  the  vessels  become 
choked  ;  the  I'ed  corpuscles  forming,  in  the  frog,  a  yellowish  mass  in  which  the 
individual  cells  cannot  be  recognised.  All  circulation  is  thus  arrested  :  a 
condition  known  as  "  stasis."  Immediately  before  stasis  becomes  complete  a 
slight  movement  forward  may  be  noticed  with  each  systole  of  the  heart, 
followed  by  a  return  of  the  corpuscles  to  their  former  situation  during  diastole, 
an  appearance  to  which  the  name  of  "oscillation"  is  given.  The  time 
occupied  in  the  development  of  complete  stasis  is  entirely  dependent  on  the 
nature  of  the  injmy  which  causes  it.  It  may  be  induced  instantaneously  by 
the  application  of  any  strong  irritant  to  the  web  of  a  frog's  foot  ;  while,  in  a 
carefully  tended  mesentery,  its  advent  may  be  delayed  for  a  whole  day  or  even 
longer.  It  is  evident  that  stasis  involves  a  complete  arrest  of  nutrition,  which 
must,  unless  relieved,  inevitably  end  in  death  of  the  affected  tissues  before 
long.  Sliould  this  occur,  the  liquor  sanguinis  which  still  remains  in  small 
quantity  amongst  the  closely  packed  corpuscles  coagulates,  and  stasis  becomes 
converted  into  thrombosis ;  that  is  to  say,  plugguig  of  vessels  with  coagu- 
lated blood.  On  the  other  hand,  should  the  tissues  not  be  injured  beyond 
recovery,  the  condition  of  stasis  gi-adually  passes  off';  at  first  some  oscillatory 
movement  is  noticed  ;  then  a  few  of  the  corpuscles  at  the  innrgins  begin  to 
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break  uwiiy  into  the  blood-stream,  and  finally  they  all  eeem  to  lose  the  tendency 
to  stick  to  eacli  other  or  to  the  ^-essel,  and  nio\e  off,  and  the  circulation 
gradually  resumes  its  normal  chai'acter. 

The  retarded  flow  and  stasis  are  degrees  of  tiie  same  condition,  and  it 
remains  now  to  consider  the  caiises  which  bring  it  about.  In  the  healthy 
state  of  the  circulation,  as  before  stated,  the  corpuscles  show  no  tendencv  to 
adhere  to  each  other  or  to  the  walls  of  the  vessels  through  which  they"ai-e 
fioAving  ;  on  the  other  hand,  both  red  and  white  corpuscles  show  a  verv' con- 
siderable degree  of  adhesiveness  when  removed  from  the  body.  In  sticking 
to  each  otlier  and  to  the  walls  of  the  vessels,  they  are  therefore  behaving 
in  the  Hving  body  as  if  they  were  in  contact  with  dead  matter ;  and  the 
conclusion  derived  from  this  is,  that  in  the  healthy  living  tissues  there  are 
forces  at  AA  ork,  of  the  nature  of  which  we  are  ignorant,  which  counteract  the 
natural  adhesiveness  of  the  corpuscles  ;  but  that  when  the  vitality  of  a  ]jart  is 
loAvered  by  damage  of  any  kind,  this  power  is  diminished  or  lost.  according  to" 
the  degree  of  injury  the  tissues  have  suffered,  and  consequently  the  natural 
adhesiveness  of  the  corpuscles  comes  into  play,  causing  increased  resistance  to 
the  flow  through  the  vessels  and  a  corresponding  degi-ee  of  retardation  of  the 
blood-stream.  The  accumulation  of  the  white  corpuscles  is  explained  liy  the 
fact  that  they  possess  a  greater  degree  of  adhesiveness  than  the  red  ;  their  form 
also  favours  their  adhesion  to  the  sides  of  the  vessels.  That  the  change  is  not 
in  the  corpuscles  themselves,  nor  in  the  hquor  sanguinis,  is  sho-sni  by  the  fact 
that,  if  an  irritant  be  applied  to  a  very  small  area,  so  that  a  corpuscle  can  be 
watched  through  it,  it  will  be  seen  that  the  adhesiveness  shows  itself  only 
while  the  corpuscle  is  in  the  affected  area  ;  the  moment  it  passes  beyond  it,  it 
moves  freely  on  as  before.  That  the  retardation  of  the  flow  is  not  the  cause  of 
the  adhesion  of  the  corpuscles  is  shown  by  the  fact  that,  if  a  ligature  be  placed 
tightly  round  the  limb  of  the  frog  so  as  to  arrest  circulation  entirely,  no 
adhesion  of  the  corpuscles  to  each  other  or  to  the  vessels  is  observed  till  tlie 
tissues  begin  to  lose  their  vitahty — a  condition  which,  in  the  frog,  will  not 
come  on  for  twenty-four  hours.  Cohnheim  attributes  all  the  phenomena  of 
inflammation  in  the  first  place  to  molecular  changes,  accompanied  by  loss  of 
■\dtality,  in  tlic  walls  of  the  vessels  ;  and  ]n-obably  in  many  cases  of  inflammation 
in  Avhich  the  source  of  irritation  is  carried  to  the  part  by  the  vessels  their 
walls  suffer  first.  No  doubt  also,  if  the  vessels  could  escape  in  the  case  of  a 
local  injury,  such  as  the  ap])lication  of  mustard  to  the  web  of  a  fi'og's  foot, 
the  vascular  phenomena  of  inflammation  could  not  occur.  But  it  is  impos- 
sible, even  in  imagination,  to  separate  the  tissues  from  the  capillaries  in  va-^cu- 
lar  parts  ;  and  whether  the  source  of  damage  comes  from  without  or  from 
Avitliin  the  vessels,  if  it  is  of  sufficient  power  to  cause  inflammation,  the  sur- 
rounding tissues  practically  must  suffer  with  the  vessels.  In  the  cx]ieriment8 
on  the  frog's  foot,  Lister  showed  that  tlie  movements  of  the  pigment  in  the 
branched  cells  ceased  whenever  the  flow  in  the  vessels  was  retarded,  proving 
that  they  suffered  equally  with  the  Aessels  from  the  effects  of  the  imtant. 

Having  thus  traced  the  changes  that  can  be  readily  observed  in  the  circula- 
tion of  an  inflamed  part,  we  must  now  turn  our  attention  to  the  processes 
observed  in  the  surrounding  tissues  and  in  the  walls  of  the  vessels 
themselves.  For  this  purpose  the  web  of  the  frog's  foot  is  not  well  suited  : 
the  mesentery  of  the  frog  or  the  tongue  of  the  toad  is  more  convenient  for 
observation.    Supposing  the  mesentery  to  have  been  exposed  and  prepared  for 
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cxamiuation,  the  first  cflFect  observed  will  be  the  dilatation  of  the  vessels  ;  but 
if  proper  precautious  be  takeu,  the  vitality  of  the  part  will  not  for  two  or  more 
hours  be  sufBcieutly  lowered  by  simple  exposure  to  the  air  to  cause  retardation 
of  the  flow.  By  the  application  of  an  irritant,  it  might  be  induced  instan- 
taneously, but  this  would  needlessly  confuse  the  experiment.  As  soon  as  re- 
tardation sets  in,  the  accumulation  of  corpuscles  takes  place  as  before  described. 
If  a  smaU  A-ein  in  which  the  white  corpuscles  have  arranged  themselves  along 
its  walls  be  now  watched,  the  following  phenomena  will  be  observed.  An 
individual  coi-puscle  being  chosen  and  carefully  watched,  a  small  button-like 
projection  will  be  seen  to  rise  from  the  outer  wall  of  the  vessel,  opposite  the 


l^ig.  .sa.  — llignitiou  nf  tlip  AVliite  Corpuscles,  from  !i  .siiinll  vein.  ii\  Willi  of  vessel.  J.  Leueucyte-layer 
on  inner  side  of  the  vessel  wnll.  1,  2,  S,  aii<I  4,  Leucocytes  in  different  stages  of  migration."  s.  Red 
lildod  corpuscles  (axial  stream). 

point  to  which  it  is  adhering  ;  this  gradually  increases  in  size  till  it  becomes 
a  hemispherical  prominence  corresponding  in  width  to  the  remainder  of  the 
corpuscle  within  the  lumen  of  the  vein.  As  the  external  part  increases,  that 
inside  the  vessel  is  seen  to  diminish  till  the  greater  part  comes  to  lie  outside. 
It  then  assumes  the  form  of  a  pear-sha]3ed  body  attached  to  the  vein  by  a 
stalk,  which  finally  gives  way,  and  the  corpuscle  is  free  outside  the  A-essel. 
When  the  process  of  migration  is  completed,  the  contour  of  the  vessel  remains 
unchanged,  no  visible  rupture  of  its  coats  being  observable.  The  migrated 
corpuscle  is  in-egular  in  shape,  can  be  seen  to  shoot  out  delicate  processes  in 
various  directions,  which  are  drawn  in  again,  and  thus  it  moves  ferther  and 
farther  away  from  the  vessel  in  which  it  formerly  lay.  From  the  close  resem- 
blance of  these  clianges  of  form  to  those  observed  in  the  amoeba,  they  have 
rcceiA^ed  the  name  of  "  amojhoid  movements."  The  whole  process  is  known 
a«  migration  of  the  white  corpuscles.  Fig.  82,  which  was  drawn  from 
life  by  V.  Horsley,  beautifully  ilhiHtrjitoR  the  profoss  of  migration.    It  shows 
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tlie  apptjiu-ances  in  the  iiiescntcry  of  a  frop;  which  had  beuii  exposed  for  seven 
hoiu's.  The  civcuiatioii  was  vigorous  in  the  direction  indicated  by  the  arrow. 
At  the  commencement  of  observation  tliere  was  scarcely  a  leucocyte  outside 
the  vessel  wall.  One  hour  and  a  half  after  there  were  about  three  times  the 
number  represented  in  the  drawing,  tlie  excess  having  been  omitted  for  the 
sake  of  clearness.  The  corpuscles,  1,  2,  o,  and  4  in  and  on  the  wall  of  the 
vessel,  are  consecutive  forms  assumed  by  one  corpuscle  which  was  watched 
through  the  wall  of  the  small  vein.  The  outlines  of  the  red  corpuscles  are 
indicated  for  the  sake  of  clearness,  but  the  current  was  too  rapid  during  life 
to  admit  of  their  being  seen  as  drawn.  As  long  ago  as  1841,  Dr.  C.  J.  B. 
Williams  pointed  out  the  fact  that  the  white  corpuscles  are  present  in 
augmented  numbers  in  the  vessels  of  an  inflamed  part ;  hut  it  was  Dr. 
Addison,  who,  in  the  same  year,  first  described  the  passage  of  the  wliite  cor- 
puscles out  of  the  vessels.  This  observation  was  confirmed  by  Dr.  Augustus 
Waller  in  ]  846  ;  but  its  importance  was  but  imperfectly  appreciated  even  by 
those  who  had  observed  it,  and  it  was  in  fact  generally  doubted,  till  Cohnheim 
in  1867,  published  an  accurate  account  of  the  process,  and  pointed  out  its 
importance  in  the  pathology  of  inflammation. 

As  a  result  of  this  process  of  inigration  of  the  corpuscles,  the  tissues  of  an 
inflamed  part  soon  become  crowded  with  wandering  leucocytes,  which  may 
accumulate  in  such  numbers  as  to  conceal  the  normal  structures  more  or  less 
completely.  As  the  inflammatory  process  becomes  more  intense,  red  cor- 
puscles also  leave  the  vessels,  finding  their  way  out  chiefly  from  the  capillaries, 
in  the  same  way  as  has  been  already  described  as  occurring  in  mechanical 
hypersemia.  The  number  that  escape  will  depend  very  m.uch  on  the  degree 
of  obstruction  caused  by  the  choking  of  the  capillaries  with  adherent  cor- 
puscles. The  migrating  cells  were  at  one  time  supposed  to  find  their  way  out 
by  natm-al  openings  or  "  stomata,"  which  were  believed  to  exist  in  the  Avails 
of  the  capillaries  between  the  single  layer  of  endothelial  cells,  of  which  these 
vessels  are  composed.  Although  no  definite  openings  are  now  supposed  to 
exist,  yet  it  is  probable  that  the  migrating  corpuscles  do  pass  out  between 
the  cells,  the  natural  adhesion  of  w^hich  to  each  other  is  lessened  by  those 
changes  in  the  vascular  walls,  which  form  an  essential  part  of  the  inflammatory 
process.  The  force  that  causes  the  escape  of  the  corpuscle,  differs  in  the  case 
of  the  red  and  white  respectively.  The  red  are  forced  out  by  the  intra- 
vascular pressure  only,  being  themselves  entirely  passive.  The  white  pro- 
bably make  their  Avay  out,  partly  by  their  amoeboid  movements,  aided  by  the 
pressure  within  the  "v  essel.  The  part  played  by  the  intra- vascular  pressure 
in  the  migration  of  the  white  corpuscles  is  doubtless  very  considerable,  for 
the  process  has  been  shown  to  be  arrested  by  ligature  of  the  main  artery 
leading  to  the  part.  This  does  not  however  jirove  that  the  amoeboid  move- 
ments take  no  part  in  the  process. 

With  the  migration  of  the  corpuscles  occurs  another  process  of  equal 
importance — the  escape  of  an  abundant  liquid  exudation.  It  has  before  been 
stated  (see  Congestion)  that  an  increase  of  the  intra-\  ascular  pressure,  such 
as  is  produced  by  any  obstruction  to  the  return  of  blood  through  the  veins, 
causes  an  abundant  liquid  exudation  from  the  distended  vessels.  While  the 
vessels  themselves  are  liealthy  they  continue  to  act  as  filters  to  the  fluid  passing 
through,  and  the  effused  liquid  contains  but  little  albumen,  with  a  large  pro- 
portion of  salts,  and  is  not  spontaneously  coagulable.    In  inflannnation,  the 


INFLAMMATOR Y  EXUDA TION. 


157 


power  of  filtration  is  diminished,  till  in  the  higher  degrees  the  damaged  vessels 
allow  the  plasma  to  pass  through  almost  if  not  absolutely  unchanged.  In- 
flammatory exudation  is  therefore  much  richer  in  albumen  than  the  simple 
transudation  from  pressure,  and  is  spontaneously  coagulable.  Its  ready 
coagulabihty  is  due  not  only  to  its  containing  a  larger  proportion  of  fibri- 
nogen, but  to  the  presence  in  it  of  the  white  corpuscles  which  contain  the 
other  elements  necessary  for  coagulation— the  "fibrin-ferment"  and  the 
fibrinoplastin.  As  this  exudation  takes  place  into  tissues,  the  vita,lity  of 
which  is  lowered  by  the  damage  done  to  them  by  the  cause  of  the  inflam- 
mation to  such  a  degree  that  they  are  behaving  for  the  time  being  as  dead 
matter,  all  the  essentials  for  coagulation  are  present,  and  the  inflammatory 
efliision  tends  to  coagulate  in  the  affected  area.  In  the  process  of  coagulation 
some  of  the  migrated  white  corpuscles  break  up,  yielding  their  ferment  and 
fibrmoplastin  to  form  the  coagulum  ;  but  a  vast  number  remain  unchanged 
entangled  in  the  meshes  of  the  fibrin.  The  coagulated  exudation  contracts, 
just  as  the  ordinary  blood-clot  does,  out  of  the  body,  and  the  serum  finds  its 
way  by  the  lymphatics  back  into  the  circulation.  The  remaining  clot,  entang- 
Kng  in  its  meshes  the  innumerable  ^vaudering  leucocytes,  forms  the  so-called 
inflammatory  lymph,  which  distends  the  spaces  of  the  tissue  into  which  the 
exudation  has  taken  place.  The  formation  of  this  inflammatory  lymph  is 
limited  to  the  area  of  inflammation,  for  any  of  the  effused  liquor  sanguinis 
which  soaks  beyond  the  area  into  the  sarrounding  healthy  tissues,  will  no 
longer  tend  to  coagulate,  but  will  drain  off  by  the  lymphatics  and  return  to 
the  circulation.  The  same  will  happen  with  any  migrating  corpuscles  which 
wander  beyond  the  area  of  inflammation.  If  the  exudation  is  very  abundant, 
the  lymph-spaces  for  some  distance  round  the  centre  of  inflammation  will  be 
distended  with  fluid,  and  thus  is  produced  the  oedema  which  accompanies  all 
acute  inflammatory  processes.  The  amount  of  exudation  from  an  inflamed 
part  is  very  considerable.  Experiments  have  shown  that  the  amount  of  lymph 
returned  through  the  main  lymphatic  trunk  of  the  thigh  of  a  dog  after  in- 
flammation has  been  excited  in  the  paw,  is  many  times  the  normal  quantity, 
about  one  ounce  escaping  for  every  drachm  that  could  be  collected  before  the 
inflammation  had  been  set  up. 

The  Tissues. — The  effect  of  inflammation  on  the  tissues  of  the  affected 
part  has  been  the  subject  of  much  discussion,  and  cannot  yet  be  said  to  be 
finally  settled.  It  was  shown  ijy  Lister,  in  1858,  that  in  the  area  exposed  to 
the  action  of  an  irritant  every  indication  of  life  is  in  abeyance  duruig  the 
most  acute  stage  of  the  resulting  inflammation.  The  muscular  coats  of  the 
arteries  cease  to  show  the  irregular  contractions  seen  in  health,  the  pigment- 
cells  in  a  frog's  foot  no  longer  exhibit  their  peculiar  changes,  and  the  blood 
■  flowing  through  the  part  behaves  as  if  in  contact  with  dead  matter.  He 
thus  sums  up  the  conclusions  to  which  his  observations  led  him  :  "  It 
appears  that  the  various  physical  and  chemical  agents  which,  wlien  operating 
powerfully,  extinguish  the  life  of  the  constituents  of  the  animal  body,  produce 
by  a  somewhat  gentler  action  a  condition  bordering  upon  loss  of  vitahty, 
but  quite  distinct  from  it,  in  which  the  tissues  are,  for  the  time  being,  in- 
capacitated from  discharging  their  wonted  oifice,  though  retaining  the  faculty 
of  returning  afterwards,  by  virtue  of  their  own  inhereiit  powers,  to  their 
former  state  of  activity,  provided  the  irritation  have  not  been  too  severe  or 
protracted."    Tliis  theory  alone  was,  however,  unable  satisfactorily  to  account 
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for  the  appearance  of  a  mnlfcitade  of  new  cells  in  tissues  still  suffering  from 
the  effect  of  an  injury,  and  yet  the  microscope  shows  that  this  forms  an 
essential  part  of  acute  inflammation.  Consequently  Lister's  theory  did  not 
meet  with  the  acceptance  it  deserved  ;  and  until  the  migration  of  the  white 
corpuscles  was  finally  established  by  Cohnheim  in  18G7,  the  process  of 
inflammation,  according  to  the  Cellular  Pathology  of  Virchow,  was  regarded 
as  essentially  one  of  increased  nutritive  and  formative  activity  of  the  inflamed 
tissues.  All  the  new  cells  were  supposed  to  be  formed  by  the  rapid  proh'fera- 
tion  of  the  original  elements  of  the  affected  tissues.  The  discovery  of  the 
migration  of  the  white  corpuscles,  however,  fully  accounted  for  the  appearance 
of  the  new  cells  in  the  inflamed  area,  without  necessitating  the  improbable 
assumption,  that  injury  to  living  tissues  immediately  increases  theii'  vital 
activity. 

The  changes  which  occur  in  the  tissues  as  the  result  of  inflammation  have 
been  observed  both  in  vascular  and  non-vascular  structures,  and  both  during 
life  and  in  preparations  made  after  death.  Amongst  non-vascular  structures 
the  comea  may  be  taken  as  the  most  typical,  and  has  most  frequently  l)een 
made  the  subject  of  experimental  investigation.  The  cornea  is  composed  of  a 
peculiar  form  of  fibrous  tissue  arranged  in  strata,  between  which  lie  spaces  of 
an  irregular  stellate  form  containing  corpuscles  corresponding  with  them  in 
shape  but  not  accurately  filling  them,  thus  leaving  room  for  the  passage  of 
blood  plasma  and,  under  certain  conditions,  of  white  corpuscles.  When  the 
cornea  of  any  animal  is  irritated  by  passing  a  fine  silk  thread  tlu-ough  it, 
there  forms,  before  many  hours  are  past,  an  opaque  spot  extending  for  a  short 
distance  round  the  part  injured.  At  the  same  time  the  vessels  of  the  con- 
junctiva and  of  the  sclerotic  become  engorged  with  blood.  If  the  cornea  be 
cut  out  and  examined  about  sixteen  to  twenty-four  hom-s  after  the  iujiu-y,  in 
the  inflamed  area,  instead  of  the  single  stellate  corpuscle  naturally  seen 
in  each  space,  there  wiU  be  found  a  group  of  rounded  cells  having  all 
the  appearances  of  white  corpuscles.  At  one  time  it  was  thought  that 
these  were  produced  by  the  division,  or,  as  it  is  called,  probferation,  of  the 
original  corneal  corpuscles.  It  has  since  been  shown  clearly  that  the 
appearance  is  really  produced  by  an  accumulation  of  migrating  cells  in  the 
space  in  which  the  corneal  corpuscle  lies,  in  such  a  way  as  more  or  less  com- 
pletely to  obscure  the  original  cell.  Whenever  and  wherever  the  original  cell 
can  be  recognised,  it  shows  no  change.  The  behaviour  of  the  corneal  cor- 
puscles under  the  influence  of  irritants  was  made  the  subject  of  a  careful 
investigation  by  Senftleben.  He  apphed  to  an  extremely  limited  area  in  tin; 
centre  of  the  comea  a  solution  of  chloride  of  zinc  of  sufficient  strength  to  kill 
the  corpuscles  mth  which  it  came  directly  in  contact  without  apparently 
damaging  the  fibrous  tissue  and  especially  the  anterior  homogeneous  lamijia. 
This  was  not  followed  by  any  dilatation  of  the  peri-corueal  vessels,  and  no 
cloudiness  ap]jeared  round  the  injured  area.  The  microscope  showed  no 
alteration  in  the  uninjured  corpuscles  surrounding  the  damaged  area  and  no 
migration  of  leucocytes  into  it.  The  explanation  of  this  is  that  from  the 
very  small  amount  of  the  caustic  applied,  if  any  found  its  way  by  the  lymph 
channels  to  the  neighbourhood  of  the  peri-corneal  vessels,  it  arrived  there  so 
greatly  diluted  as  not  to  produce  any  injurious  ellcct  on  them,  and  thus  no 
dilatation  or  migration  took  place.  If  the  anterior  homogeneous  lamina  was 
accidentally  destroyed,  the  damaged  tissue  beneath  being  exposed  to  the  air 
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became  septic,  and  the  products  of  the  septic  change  reaching  the  peri-corueal 
vessels  damaged  them,  causing  dilatation  and  migration  into  the  cornea.  The 
same  effect  could  be  produced  by  using  a  larger  amount  of  the  caustic  or  by 
applying  it  too  near  the  corneal  margin.  Senftlebeu  showed,  therefore,  that 
uidess  the  irritant  acts  directly  on  the  vessels  surrounding  the  cornea  no  new- 
cells  appear  in  the  damaged  area,  and  nothing  resembling  proliferation  of  the 
corneal  corpuscles  takes  place.  His  experiments  further  showed  that  about 
two  days  after  the  caustic  had  been  applied,  the  corpuscles  next  to  those 
which  have  been  actually  killer!  recover  from  the  minor  degree  of  injury  to 


which  they  had  been  exposed,  and  commence  to  repair  the  damaged'  area. 
This  is  accomplished  by  spear-like  processes  of  protoplasm  which  shoot  out 
from  the  cells  into  the  damaged  area.  A  nucleus  appears  at  the  end  of  the 
process,  the  protoplasm  surrounding  it  increases  in  quantity,  and  by  a  repeti- 
tion of  tins  process  the  loss  of  substance  is  repaired,  the  dead  colls  being 
al)sorl)ed  by  the  advancing  new  growth.  Nothing  was  obser\'ed  to  justify 
the  beHef  that  the  corneal  corpuscles  under  any  circumstances  divide  and 
subdivide,  thus  forming  a  group  of  small  round  cells  resembling  a  collec- 
tion of  migrated  leucocytes.  The  importance  of  these  observations  on  the 
question  of  repair  is  evident. 

The  tongue  of  the  toad  has  been  examined  by  Dowdeswell  with  the  object 
of  ascertauiing  whether  the  fixed  connective-tissue  corpuscles  take  any  part  in 
the  formation  of  the  new  cells  which  appear  in  inflammation.  The  details  of 
his  observations  were  published  in  the  Proceedings  of  the  Royal  Society  in 
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1876,  and  he  gives  the  foUowiiif'-  bfi-ief  summary  of  tlie  results  he  obtained  : 
"So  long  as  the  circailation  coutiimed,  no  change  whatever  took  place  in  the 
connective-tissue  coipuscles,  either  as  regards  form  or  appearance,  notwith- 
standing that  the  tissue  of  which  they  formed  pait  was  Ijeset  with  innumerabh- 
emigrant  colourless  corpuscles,  or  (to  use  ordinary  language)  was  infiltrated 
with  pus."  In  some  cases  the  tongue  was  watched  for  eight  or  even  nine 
days. 

The  conclusions  drawn  from  these  observations  are  confirmed  by  tlie 
microscopic  examination  of  specimens  of  other  inflamed  tissues.  In  fat  the 
leucocytes  are  found  crowding  between  the  fat  cells,  especially  in  the  neigh- 
bourhood of  small  blood-vessels  (Fig.  88) ;  hi  muscle  they  accumulate  between 
the  fibres  which  themselves  show  no  change,  unless  the  proc&ss  be  very  acute, 

and  then  the  alteration  is  in  the  direc- 
tion of  degeneration,  not  of  growth 
(Fig.  84).  In  bone  the  Haversian 
canals  become  filled  with  leucocytes  ; 
and  should  the  i^rocess  be  of  suflBcient 
intensity  and  duration,  the  solid  tissue 
disappears  before  the  new  cells,  while 
at  the  same  time  the  bone-corpuscles 
show  no  change  unless  one  of  degeuera- 
tion.  Thus  acute  inflammation  in  its 
early  stages,  from  whatever  cause,  and 
in  whatever  tissue  it  may  arise,  is 
always  characterised  histologically  by 
essentially  the  same  phenomena  :  a 
passive  or  degenerating  condition  of 
the  original  tissues  with  an  abundant 
infiltration  of  new  cells,  which  are 
white  corpuscles  migrated  from  the 
vessels,  and  possibly,  the  descendants 
of  such  corpuscles  formed  liy  division . 
of  the  parent-cells  after  leaving  the 
vessel. 

The  extent  to  which  this  process  of 
"  cell  -i  nfiltration  "  wil  1  be  carr  i  ed  depend  s 
upon  the  degree  of  damage  done  to  the  tissues  by  the  irritant  which  has 
caused  the  inflammation.  Supposing  the  damage  done  to  be  of  a  slight  and 
temporary  character,  the  tissues  speedily  recover  from  the  condition  of 
lowered  vitality  into  which  they  have  been  thrown,  the  vessels  recovering 
with  the  other  parts.  The  circulation,  therefore,  returns  to  its  normal  state 
and  the  exudation  of  plasma  and  migration  of  white  corpuscles  cease.  The 
liquid  exudation  drains  away,  and  such  leucocytes  as  have  found  their  way 
amongst  the  tissues  either  break  up  and  are  absorbed,  or  find  their  way  back 
into  the  circulation  by  means  of  the  lym])hatics.  The  part  is  thus  restored 
to  its  normal  condition,  and  no  ])ermanent  effect  of  the  inflammation  is  left 
behind.  This  process  of  perfect  recovery  is  spoken  of  as  the  "termination  of 
inflammation  by  B-esolution." 

Should  the  damage,  however,  be  of  such  severity  that  a  small  portion  of  the  • 
tissue  is  injured  past  recovery,  or  to  such  a  degree  that  the  pressure  of  the 


Fig.  84.—/.  Fascia,  tecleiuatoiis  and  slightly  infil- 
trated with  leucocytes,  a.  Ai'teriole.  v.  Venule. 
p.  Perimysium  inliltratcd  with  leucocytes. 
Nerve,   m.  Muscular  Filii  cs,  cut  across. 
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accumulating  cells  and  liquid  exudation  extinguishes  such  traces  of  vitality  as 
may  have  been  left  in  it,  it  is  evident  that  the  simple  process  of  resolution  is 
no  longer  possible.  The  same  will  be  the  case  if  the  cause  of  the  inflammation 
be  persistent,  as  an  irritating  foreign  body  lodged  in  the  tissues.  Under  these 
circumstances,  the  exudation  from  the  vessels  and  the  migration  of  the  white 
corpuscles  continue  in  the  inflamed  area,  until  the  leucocytes  become  heaped 
up  and  press  upon  the  original  tissues  of  the  part,  which  now  show  signs  of 
degeneration.  The  fibres  of  connective-tissue  become  swollen  and  softened, 
and  finally  disappear  amongst  the  leucocytes  ;  fat  cells  lose  their  contents,  and 
in  like  manner  are  lost  amongst  the  invading  cells  ;  muscular  fibres  lose  their 
striation  and  become  granular,  the  migi'ating  cells  penetrate  within  the  sarco- 
lemma,  and  the  original  tissue  disappears  before  them ;  the  vessels  in  the  same 
way  become  obliterated  by  pressure  and  are  lost  in  the  mass  of  new  cells.  In 
whatever  part  or  tissue  the  change  may  be  occurring  the  process  is  essentially  the 
same — the  original  tissues  degenerate  and  disintegrate,  and  their  place  becomes 
occupied  by  a  closely  packed  crowd  of  small  round  cells.'  Whether  each  of 
these  cells  has  originally  been  a  white  corpuscle,  or  whether  many  of  them  are 
formed  by  division  and  multiplication  of  the  corpuscles  after  migration  is  a 
doubtful  point.  That  they  are  formed  from  the  cells  of  the  perishing  tissue  is 
hardly  conceivable,  and,  moreover,  experiments  have  shown  that  an  exactly 
similar  process  of  cell-infiltration  will  take  place  in  a  piece  of  dead  animal 
tissue  which  has  been  soaked  in  alcohol,  if  it  be  introduced  amongst  the  tissues, 
or  into  the  peritoneal  cavity  of  a  living  animal.  That  the  invading  cells  take 
an  active  part  in  the  absorption  of  the  original  tissues  can  hardly  be  doubted. 
When  the  inflammatory  process  has  reached  this  stage  one  of  two  courses 
is  possible  :  the  process  may  cease  and  repair  may  set  in — the  new  cells  under- 
going changes  to  be  described  hereafter,  and  a  scar  being  formed  in  the  place 
they  occupied — or  it  may  continue  and  terminate  in  the  formation  of  pus  or 
suppuration.  This  latter  condition  is  brought  about  by  the  softening  of  the 
intercellular  substance  in  the  centre  of  the  group  of  new  cells.  The  cells 
themselves  being  cut  off  from  proper  nutrition  by  their  mutual  pressure, 
undergo  degenerative  changes.  They  assume  a  more  circular  form,  apparently 
by  a  process  analogous  to  rigor  mortis.  Their  protoplasm  becomes  filled  with 
large  highly  refracting  granules,  some  of  which  are  fatty  and  soluble  in  ether, 
while  others  are  of  an  albuminoid  nature,  and  can  be  cleared  up  by  the' 
action  of  acetic  acid.  When  thus  cleared  the  cell,  which  now  receives  the 
name  of  a  pus-cell,  is  found  to  contain  a  double  or  triple  nucleus.  This 
breaking  up  of  the  nucleus  is  uot  to  be  looked  upon  as  a  sign  of  active  growth, 
but  rather  as  a  degenerative  change.  The  fluid  which  separates  the  pus-cells 
is  not  formed  merely  by  the  softening  of  the  almost  inappreciable  amount  of 
intercellular  substance  which  separated  the  heaped  up  leucocytes  in  the 
inflamed  area,  but  partly  also 'by  exudation  from  the  surrounding  inflamed 
tissues  soaking  in  amongst  them.  With  this  fluid  come  wandering  leucocytes  ; 
so  that  in  the  flaid  freshly  drawn  from  an  acute  collection  of  pus,  not  only' 
are  the  round  dead  pus-cells  found,  but  with  them  many  still  showing  the 
single  nucleus,  faintly  granular  protoplasm  and  amoeboid  movements  of  the 
white  blood  corpuscle.  The  nature  of  pus,  and  the  process  by  wliich  a  small 
collection  spreads  and  forms  an  abscess,  will  be  further  discussed  under 
Suppuration  and  Abscess. 

If  the  process  that  has  just  been  described  should  occur  on  a  surface  so  that' 
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tlie  pus  finds  a  ready  escape  as  soon  as  it  is  formed,  we  get  another  result  of 
inflammation,  which  receives  the  name  of  Ulceration.  The  process  of 
ulceration  is,  indeed,  identical  with  that  of  the  formation  of  a  localised 
collection  of  pus.  The  original  tissues  are  infiltrated  by  migrating  cells  which 
gradually  destroy  them  and  fill  the  space  they  formerly  occupied  ;  the  new  cells 
m  their  turn  degenerate  on  the  surface  and  are  cast  off  as  pus-cells.  This 
will  be  further  considered  under  Ulceration.  In  some  forms  of  inflammation, 
as  will  be  seen  hereafter,  the  process  is  brought  to  an  end  by  the  death  of 
the  aflFecfced  part.  This  is  spoken  of  as  the  "  termination  of  inflammation  in 
Gangi'ene." 

From  the  above  description  of  the  process  of  inflammation,  itAvillbeseenthat 
the  essential  features  are  the  retarded  flow  in  the  vessels,  and  the  exudation  of 
cells  and  liquor  sanguinis.  The  simple  hypertemia  or  determination  of  blood, 
that  occurs  as  the  result  of  milder  degrees  of  irritation,  cannot  be  looked  upon 
as  constituting  a  part  of  the  trae  inflammation  ;  and,  on  the  other  hand,  when 
the  stage  of  stasis  is  reached,  inflammation  must  soon  be  brought  to  an  end  by 
the  death  of  the  affected  part,  unless  the  circalation  be  restored  by  the  sub- 
sidence of  the  process.  The  process  of  acute  inflammation  is  identical  in  all 
cases  ;  it  may  vary  in  degree,  in  extent,  and  in  termination  according  to  the 
nature  of  the  cause,  and  the  vitality  of  the  tissues  on  which  the  cause  is  acting, 
but  the  process  is  always  the  same.  When,  therefore,  vaiieties  of  inflammation' 
are  spoken  of,  it  must  be  borne  in  mind  that  the  variations  do  not  depend  on 
differences  in  the  essential  nature  of  the  process,  in  so  far  as  the  changes 
within  the  vessels  and  the  exudation  are  concerned,  but  are  the  result  °of 
variations  in  the  cause,  and  in  the  degree  to  which  the  vessels  and  oilier  tissues 
are  damaged  by  it. 

Causes  op  Inflam.matioi^.— The  causes  of  inflammation,  like  those  of  all 
other  morbid  processes,  may  be  divided  into  predisposing  and  exciting. 

The  Predisposing  causes  may  be  briefly  said  to  include  every  condition 
that  tends  to  lower  the  vitality  of  the  tissues,  and  thus  to  render  them  less  able 
to  resist  external  injurious  influences.  The  conditions  necessary  for  healthy 
nutrition,  and  consequently  for  a  high  degree  of  vitaUty  are,  an  abundant 
supply  of  healthy  blood,  connexion  with  a  healthy  nervous  centre,  periodical 
rest  from  functional  activity,  and  at  the  same  time  a  normal  exercise 
of  function.  The  influences  distiu-bing  these  conditions  may  be  Local  or 
General. 

Local  Predisposing  Causes. — The  local  conditions  which  interfere  with 
the  quantity  of  blood  supplied  to  a  part,  have  been  already  discussed  under 
Ijocal  Anjemia  and  Congestion.  In  Passive  Congestion,  it  will  be  remembered 
that,  although  the  part  habitually  contains  an  excess  of  blood,  there  is  a 
diminished  interchange,  and,  consequently,  the  actual  quantity  supplied  is 
less  than  natural.  Both  these  local  disturbances  of  circulation,  as  has  been 
already  pointed  out,  interfere  with  healthy  nutrition,  lower  the  vitality  of  the 
affected  part,  and  thus  render  it  prone  to  inflame  from  slight  causes. 

Loss  of  connexwn  ivith  a  heaUhy  ncrve-rmtre  may  be  the  result  of  destruction 
of  the  nerve-centre  itself,  or  of  injury  to  the  nerves  leading  from  the  centre  to 
the  affected  part.  The  ])est  illustration  of  the  effect  of  this  condition  is  seen 
in  contrasting  paralysis  of  a  limb  from  cerebral  hasmorrhagc,  and  paralj-sis 
from  acute  spinal  myelitis.  In  the  former  case,  the  paralysed  limb  is  still  in 
connexion  with  the  healthy  spinal  cord,  and  ordinary  care  in  avoiding  pressure 
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will  prevent  any  formation  of  bed-sores.  In  the  latter  case,  the  slightest 
pressure  or  irritation  causes  inflammation  rapidly  terminating  in  sloughing. 
Loss  of  connexion  with  a  healthy  nerve-centre  is  also  seen  not  nnfrequently 
in  cases  of  division  of  the  nlnar  nerve,  by  which  the  httle  finger  is  com- 
pletely cut  off  from  its  nervous  supply.  Under  these  circumstances,  grave 
changes  in  nutrition  are  common,  and  inflammation  is  readily  set  up.  That 
organs  to  which  msufficicnt  rest  is  given  are  prone  to  inflame,  is,  perhaps, 
best  illustrated  by  the"  effects  of  excessive  work  on  the  eye,  and  the  converse, 
that  organs  cut  off  from  the  performance  of  their  natural  function  suffer  in 
nutrition,  is  seen  in  the  fact  that  limbs  condemned  to  inaction  from  disease  of 
a  joint  are  cold  and  waste  away,  and  that  inflammation  is  set  up  in  them  by 
comparatively  shght  causes.  Wounds  in  such  limbs  often  heal  badly,  and  it 
is  this  that  makes  amputation  in  such  cases  notoriously  unsuccessful. 

Though  every  tissue  of  the  body  is  susceptible  of  inflammation,  yet  somi> 
■parts  from  their  anatomical  concliiions  and  structure  are  more  UaUe  to  it  than 
others.  All  cavities  are  exposed  when  wounded  to  the  dangers  of  the 
accumulation  of  putrid  or  irritating  fluids,  and  thus  the  serous  and  synovial 
membranes  readily  become  affected  with  extensive  spreading  inflammation. 
Mucous  and  cutaneous  surfaces,  on  the  other  hand,  are  protected  by  a  strong 
and  thick  epithelium,  and  consequently  require  more  powerful  causes  to 
produce  inflammation. 

When  a  part,  havtJig  once  leen  the  seat  of  inffammation,  has  been  left  in  a 
weakened  or  impaired  state,  it  will  be  more  liable  to  the  occurrence  of  a  second 
attack  of  inflammation,  as  it  has  less  resisting  power  ;  hence,  also,  subsequent 
attacks  are  induced  by  less  active  exciting  causes  than  were  required  at  first  to 
call  the  process  into  existence  ;  we  see  this  in  the  inflammatory  afl"ections  of 
the  eyes  and  joints. 

Constitutional  Predisposing  Causes.— That  old  age  acts  as  a  pre- 
disposing cause  of  inflammation,  it  is  hardly  necessary  to  say,  the  vitality 
of  the  tissues  in  extreme  age  being  greatly  diminished.  Angthing  that^ 
enfeebles  the  heart's  action  to  such  a  degree  as  to  interfere  with  the  supply  of 
blood  to  the  tissues,  acts  as  a  predisposing  cause  of  inflammation.  Thus 
operation  wounds  are  more  prone  to  inflame  after  great  loss  of  blood,  and  in 
patients  weakened  by  long  fever  or  want  of  food.  For  healthy  nutrition,  it 
is  not  only  necessary  that  there  should  be  an  abundant  supply  of  blood,  but 
the  blood  tJutt  is  supplied  must  be  in  a  healthg  condition,  llie  blood  may  be 
rendered  impure  by  the  addition  to  it  of  some  substance  not  normallg  present,  or 
by  the  imperfect  elimination  of  the  products  of  normal  tissue  change,  or  by  the 
dejiciencg  of  some  of  its  normal  constituents.  The  most  common  and  most 
important  of  the  first  class  of  conditions,  is  the  habitual  presence  in  the  blood 
of  an  amount  of  alcohol  in  excess  of  that  which  can  be  easily  eliminated  or 
consumed.  This  is  unfortunately  the  constant  condition  of  but  too  many  of 
the  working  classes,  especially  in  large  cities.  A  healthy  country  labourer, 
working  hard  in  pure  air,  may  consume  and  eliminate  rapidly  a  large  amount 
of  alcohol ;  but  the  city  workman,  engaged  in  a  more  or  less  sedentary 
occupation  in  an  ill-ventilated  workshop,  is  less  able  to  get  rid  of  the  alcohol 
he  consumes  ;  while  at  the  same  time,  the  quantity  he  takes  is  probably 
greater,  as  his  wages  arc  higher  and  his  opportunities  for  drinking  more 
abundant.  There  can  be  no  doubt  that  this  condition  of  chronic  alcoholism 
exerts  a  most  prejudicial  influence  on  all  operations  and  diseases  of  the 

M  2 


i64        LOCAL   DISTURBANCES  AND  INFLAMMATION. 


inhabitants  of  large  cities.  HaUinal  excess  in  eating  is  almost  as  injurious  as 
excessive  di-inking  ;  for,  as  only  a  certain  amount  of  food  can  be  properly 
digested  and  assimilated,  excess  above  this  tends  to  interfere  with  healthv 
nutrition. 

Chronic  lead-,  mercury-,  and  iJhospJiorus-poisoning  are  other  examples  of  the 
same  class  of  causes.  The  alsorfUon  of  the  chemical  products  of  putrefaction 
from  a  tvowid,  as  we  shall  see  hereafter,  causes  severe  fever  ;  and  the  rapid 
wasting  of  the  body  that  occurs  in  this  condition,  is  clear  evidence  of  the 
serious  disturbance  of  nutrition  that  it  gives  rise  to.  It  is  the  experience  of 
all  Surgeons  that  wounds  made  during  septic  fever  are  exceptionally  prone  to 
inflame,  and  generally  do  badly. 

Saccharine  diabetes,  which  of  all  conditions  exerts  the  most  injm-ious  influ- 
ence on  wounds  and  injuries,  may  perhaps  be  most  conveniently  classed  under 
this  heading ;  as  also  jaundice  when  due  to  simple  obstruction  of  the  bile 
ducts. 

Amongst  the  causes  of  impurity  of  Uood  from  insufficient  elimination  of  the  ' 
normal  products  of  tissue  change,  Bright's  disease  of  the  kidneys  is  the  most 
important.    Oout  also  is  perhaps  most  properly  included  uuder  this  heading. 
Both  these  conditions  are  powerful  predisposing  causes  of  inflammation. 
Diseases  of  the  lungs  and  liver  act  in  the  same  way. 

Amongst  conditions  due  to  the  insufficiency  of  some  of  the  normal  constHiients 
of  the  Mood  is  anismia,  such  as  is  commonly  seen  in  young  women  ;  and 
here  also  might  be  classed  those  conditions  due  to  a  deficient  supply  of  the 
necessary  elements  of  food,  such  as  scurvy,  from  want  of  fresh,  green  vegetables, 
and  the  general  condition  of  mal -nutrition  bro  Light  about  by  deficiency  of 
oxygen  in  the  air  habitually  breathed  and  want  of  food  in  general. 

Lastly,  there  is  the  constitutional  condition  known  as  scrofula,  in  which 
inflammation  tends  to  occur  under  the  influence  of  exciting  causes  less  in 
degree  than  those  which  affect  healthy  subjects ;  but  the  essential  nature  of 
this  condition  is  still  but  imperfectly  known. 

Exciting  Causes  of  Inflammation. — Inflammation  is  usually  said  to  be 
the  immediate  result  of  local  "  irritation,''''  and  the  causes  of  inflanunation  are 
commonly  spoken  of  as  "irritants.''''  Irritation  properly  means  excitement 
{irrito,  I  excite)  ;  and  consequently  the  physiologists  speak  of  tissues  possess- 
ing "  in-itability,"  when  a  healthy  manifestation  of  functional  activity  can  be 
induced  by  the  aj^plication  of  external  stimuli.  At  the  time  when  inflamma- 
tion was  believed  to  be  an  exaggeration  of  the  normal  activity  of  the  inflamed 
tissues,  the  cause  chat  produced  it  was  very  naturally  spoken  of  as  an  irritant. 
Now  that  inflammation  is  known  to  be  essentially  a  condition  of  diminished 
vital  activity  of  the  tissues  in  the  inflamed  area,  the  term  may  give  rise  to 
some  misconception  unless  the  sense  in  which  it  is  used  be  clearly  uudei-stood  ; 
at  the  same  time,  its  use  in  the  sense  of  something  causing  inflammation  has 
become  so  firmly  fixed,  not  only  in  surgical  but  in  popular  language,  that  it 
would  be  most  inconvenient  to  try  to  change  it.  An  irritant  may,  therefore, 
be  defined  as  something  tending  to  damage  the  tissues  on  which  it  acts,  and 
to  lower  temporarily  their  vitality  ;  if  acting  more  feebly,  it  frequently  acts 
as  a  stimulus,  calling  forth  manifestations  of  normal  function  ;  if  more  severely 
or  persistently,  it  causes  the  death  of  the  tissue  upon  which  it  acts.  Heat 
may  be  given  as  an  example.  If  the  skin  be  exposed  to  a  temperature  of 
about  100°  F.,  simple  hypera^mia  results  with  increase  of  normal  function, 
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as  shown  by  perspiration  :  boiling  water  applied  merely  for  a  second  causes 
inflammation ;  and  a  red  hot  iron  would,  of  course,  give  rise  to  immediate  death 
of  the  part  it  touched.    The  effect  fvoduced  by  an  irritant  will  depend  first,  upon 
the  intensity  of  the  irritant ;  and  secondly,  upon  the  powers  of  resistance  of  the 
tissues  on  which  it  acts  :  thus,  in  the  feeble  tissues  of  a  limb  the  arteries  of 
which  are  so  diseased  as  to  bring  the  supply  of  blood  below  the  normal 
standard,  inflammation  is  readily  induced  by  slight  causes.    It  has  already 
been  stated,  that  insuiRcient  su]iply  of  blood  acts  as  a  powerful  predisposing 
cause  of  inflammation  ;  the  complete  arrest  of  the  circulation  if  continued  for 
a  sufficient  length  of  time,  acts  as  a  direct  exciting  cause.    This  was  shown 
by  Cohnheim  in  his  well-known  experiments  on  the  tongue  of  the  frog  and 
on  the  ear  of  the  rabbit.    If  the  ear  of  the  rabbit  be  emptied  of  blood,  and  a 
temporary  ligature  applied  at  its  base,  the  eifect  produced  is  proportional  to 
the  time  during  which  the  ear  is  kept  bloodless  :  if  this  be  a  few  hours  only, 
temporary  hypertemia  alone  results,  with  perhaps  slight  swelling  :  if  about 
twelve  hours,  the  ear  becomes  greatly  swollen,  there  is  retarded  flow  in  the 
vessels  with  abundant  inflammatory  exudation,  and  the  tissues  become  infil- 
trated -n-ith  migrating  white  blood-corpuscles  :  if  the  ear  be  kept  bloodless 
till  its  vitality  is  lost,  the  blood  refuses  to  enter  it,  the  corpuscles  imme- 
diately choking  the  vessels  and  blocking  them  as  in  inflammatory  stasis,  so 
that  any  flow  is  impossible.    Thus  any  degree  of  inflammation  can  be 
produced  at  will  by  varying  the  time  during  which  the  ear  is  kept  bloodless. 
Cohnheim  showed  also  that  after  the  ear  has  been  bloodless  for  a  time  suffi- 
cient in  some  degree  to  lower  its  vitality,  slight  injuries  cause  a  higher  degree 
of  inflammation  than  in  a  healthy  ear.    This  experiment  is  sometimes  unin- 
tentionally performed  on  the  human  subject.    Some  years  ago  a  patient  came 
under  my  care,  whose  whole  arm  had  been  accidentally  rendered  bloodless  by 
the  apiilication  of  an  apparatus  for  the  treatment  of  fracture  of  the  clavicle.  At 
first,  when  the  bandages  were  removed,  the  limb  seemed  hopelessly  dead  ;  but 
after  a  short  time  it  was  evident  that,  although  its  vitality  was  reduced  to  the 
lowest  possible  degree,  it  was  not  absolutely  destroyed,  for  the  blood  began 
slowly  to  find  its  way  even  to  the  finger-tips,  but  with  this  all  the  phenomena 
of  acute  inflammation  were  developed.    The  limb  became  swollen,  red  and 
tense  to  such  an  extent  that  the  circulation  became  again  arrested  by  the 
pressure  of  the  exudation,  and  gangrene  set  in,  necessitating  amputation  at 
the  shoulder-joint.    On  making  incisions  into  the  amputated  limb,  a  most 
abundant  inflammatory  exudation,  like  thin  pus,  streamed  from  the  sub- 
cutaneous tissues  and  muscles.    The  same  phenomena  are  observed  in  strangu- 
lated hernia.    It  is  a  well-known  fact  that  in  complete  strangulation,  even 
when  the  gut  has  been  cut  oif  from  the  circulation  for  many  hours,  no  inflam- 
matory exudation  is  found  on  its  surface  when  the  sac  is  o]iened  in  the 
operation  ;  but  should  the  patient  die  shortly  after  reduction,  tlic  gut  is  found 
to  be  covered  with  a  thick  layer  of  inflammatory  exudation.    Here,  as  in  the 
rabbit's  ear,  the  phenomena  of  inflammation  do  not  manifest  themselves  till 
the  circulation  is  re-established  in  the  strangulated  part. 
^  Irritants,  that  is  to  say,  injurious  influences  acting  as  causes  of  inflamma- 
tion, may  be  divided  into  six  groups  :  Mechanical,  Physical,  Chemical, 
Organised,  Functional,  and  Nervous. 

1.  Mechanical  Irritants  may  be  thus  subdivided  : — («)  Direct  mechanical 
vwience,  as  in  wounds,  bruises,  fractures  of  bones,  &c.    {b)  Movement,  which 
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is  a  frequent  cause  of  persistence  of  inflammation,  as  in  inflamed  joints,  but 
is.  seldom  an  excitin,<i-  cause  of  the  original  mischief,  (c)  Frklion,  as  in 
blisters  on  the  feet  or  hands,  {d)  Tension.  Abnormal  tension  acts  both  as 
a  primaiy  and  a  secondary  cause  of  inflammation  ;  a  tight  stitch,  pent-up 
discharges  in  a  wound,  or  obstruction  of  the  duct  of  a  gland,  are  all  familiar 
examples  of  tension  acting  primarily  as  a  cause  of  inflammation.  As  a 
secondary  cause  it  is  still  more  important,  as  it  comes  into  play  to  a  greater 
or  less  degree  in  all  inflammations  as  a  consequence  of  the  dilatation  of  the 
vessels  and  the  exudation.  In  an  acute  abscess,  it  is  the  tension  produced  by 
the  accumulation  of  fluid  that  causes  the  persistence  of  the  inflammation, 
which  subsides  more  or  less  completely  as  soon  as  the  pus  is  let  out.  It  is 
partly  the  diminution  of  tension  by  emptying  the  over-distended  vessels  that 
gives  relief  in  ele^^'ation  of  an  inflamed  part ;  in  fact  it  will  be  seen  hereafter 
that  the  relief  of  tension  is  one  of  the  chief  objects  in  the  treatment  of  almost 
every  inflammation. 

2.  Physical. — Under  this  heading  are  included  heat,  cold  and  eUdricitn. 
The  effects  of  the  two  first  are  too  familiar  to  require  further  explanation. 
Electricity  acts  as  a  cause  of  inflammation  only  when  it  gives  rise  to  decom- 
position of  the  tissues  by  electrolysis. 

3.  Chemical. — All  strong  acids  and  alkalies  and  innumerable  salts,  such 
as  corrosive  sublimate,  chloride  of  zinc,  &c.,  act  as  irritants  when  appUed  to 
the  tissues.  Numerous  natural  products  of  the  vegetable  Tcingdom,  such  as 
croton  oil,  mustard,  &c.,  and  some  animal  products,  such  as  cantharides  and 
the  poison  of  various  venomous  reptiles  and  insects,  act  as  more  or  less  power- 
ful exciting  causes  of  inflammation.  The  most  important,  however,  of  all 
this  class  of  irritants  in  surgical  practice  are  the  chemical  products  of 
putrefaction.  It  is  to  the  irritation  caused  by  these  that  the  inflammation 
and  suppuration  which  so  frequently  accompany  open  wounds  are  due,  in  the 
great  majority  of  cases  ;  and  the  great  improvement  that  has  taken  place  in 
surgery  during  the  last  twenty  years  has  been  brought  about  chiefly  by  the 
more  or  less  perfect  exclusion  of  this  source  of  irritation.  It  is  necessary, 
therefore,  here  briefly  to  consider  the  nature  and  necessary  conditions  of 
putrefaction. 

Decomposition  or  putrefaction  of  animal  matter  is  a  process  of  fermenta- 
tion, the  essential  conditions  of  which  are  1,  the  presence  of  dead  animal 
matter;  2,  a  suflirient  supply  of  oxygen;  3,  the  presence  of  water ;  4,  tM  main- 
tenance of  a  certain  temperature ;  and  5,  the  ferment.  These  may  be  considered 
more  in  detail. 

1.  The  presence  of  dead  animal  matter. — "We  have  already  seen  that 
in  acute  inflammations  a  coagulablc  exudation  takes  place  ;  when  this  coagu- 
lates it  entangles  in  the  meshes  of  the  fibrin,  a  vast  number  of  white  corpuscles, 
Avhich  have  migrated  from  the  vessels,  thus  forming  the  so-called  inflamma- 
tory lymph  or  plastic  exudation,  while  the  serum  either  flows  away  by  the 
lymphatics  or  accumulates  in  the  spaces  natural  to  the  part.  In  the  case  of  nn 
open  wound  the  plastic  exudation  accumulates  on  the  surface  and  forms,  as  we 
shall  afterwards  see,  the  first  bond  of  union  :  while  the  serum  drains  away, 
unless,  from  any  imperfection  in  the  treatment,  it  is  allowed  to  accumulate  in 
the  cavity  of  the  wound.  In  compound  fractures  and  wounds  opening  the 
natural  cavities  of  the  body,  perfect  drainage  is  not  always  possible.  The 
plastic  exudation  is  composed  to  so  large  an  extent  of  living  cells  that  it  may 
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be  looked  upon  as  living  tissue,  and  consequently  incapable  of  undergoing 
putrefaction.  It  is  otherwise  with  the  serum,  which  is  dead  matter. 
Extravasated  blood,  either  in  the  spaces  of  the  areolar  tissue,  as  in  a  bad 
bruise,  or  in  the  cavity  of  a  Avound,  or  other  injury,  as  in  a  compound  fracture, 
is  also  decomposable,  although  less  readily  than  the  serum  which  is  squeezed 
OLit  of  the  clot  as  it  contracts.  The  pus  contained  in  an  abscess,  or  the  urine 
in  a  distended  bladder,  are  other  examples  of  putrescible  animal  matter  in  the 
living  body. 

2.  A  sufficient  supply  of  oxygen. — The  tissues  themselves  and  the 
blood  circulating  in  them,  contain  quite  enough  oxygen  for  the  process  of 
putrefaction.  This  is  shown  by  the  fact  that  ofiensive  decomposition  fre- 
quently takes  place  in  wounds  from  which,  immediately  after  the  injury,  the 
air  has  been  excluded  by  some  external  application,  such  as  styptic  colloid, 
collodion,  or  the  like. 

3.  The  presence  of  water. — All  living  tissues  and  the  fluids  of  the 
body  contain  enough  water  to  putrefy  readily,  but  the  proportion  is  not  that 
most  favourable  to  the  process.  The  more  watery  an  exudation,  the  more 
readily  will  it  decompose. 

4.  The  maintenance  of  a  certain  temperature. — Experience  shows 
that  the  temperature  of  the  human  body  is  one  highly  favourable  to  the 
process  of  putrefaction. 

5.  The  presence  of  the  ferment. — The  four  previous  conditions  of 
putrefaction  have  been  universally  recognised  for  a  long  time  past,  and  may 
be  said  almost  to  form  part  of  the  common  experience  of  mankind  ;  but  the 
necessity  for  the  action  of  a  ferment  as  the  starting  point  of  the  process  is 
amongst  the  modern  discoveries  of  science.  Ferments  are  of  two  kinds, 
organised  and  non-organised.  The  organised  ferments  are  microscopic 
vegetable  organisms  belonging  to  the  class  of  fungi ;  the  non-organised  are 
chemical  substances,  such  as  diastase,  pepsin,  ptyahn,  &c.,  which  give  rise  to 
definite  chemical  changes  in  the  special  substance  upon  which  they  act.  It 
may  now  be  said  to  be  practically  proved  that  the  process  of  putrefaction  is  a 
fermentation,  dependent  on  the  presence  of  vegetable  organisms  belonging  to 
the  lowest  class  of  fuugi. 

In  all  putrefying  animal  fluids  these  organisms  are  found  in  great  abundance. 
They  are  very  commonly  spoken  of  collectively  as  "  bacteria,"  although  more 
correctly  the  name,  bacterium,  should  be  applied  to  one  form  only,  the  term 
Schizomycetes  (o-j^tfo)  =  I  cleave,  and  ^vkt^s  =  a  fungus)  being  employed  for 
the  whole  order.  ■  The  order  is  divided  into  four  chief  classes — Micrococcus, 
Bacterium,  Bacillus,  and  Spirillum. 

Micrococci  are  round  or  slightly  oval  organisms,  varying  from  -5-5^0 o  to 
Tohjo  of  an  inch  in  diameter,  and  are  often  recognisable  only  by  the  highest 
powers  of  the  microscope.  They  occur  singly  or  grouped  in  pairs  (diplococcus), 
■chains  (strepto-coccus),  or  clusters  (staphylo-coccus).  When  in  colonies  they 
are  often  bound  together  by  a  homogeneous  substance  termed  "  Zoogloea." 
There  is  no  reason  to  believe  that  they  ever  lengthen  out  into  rod-shaped 
organisms,  as  they  can  be  cultivated  for  many  generations  in  various  media 
without  changing  their  form.  They  are  reproduced  by  fission  only  and 
never  from  spores. 

Bacteria  are  minute  fungi  having  the  lx)rm  of  very  short  cylinders  with 
rounded  ends.    They  are  often  so  short  that  they  are  more  correctly  described 


i68        LOCAL   JJISTURBANCES  AND  INFLAMMATION. 


as  oval  than  as  rod-shaped.  They  exhilnt  active  spontaneous  movements,  but 
occasionally  a  group  become  united  together  by  a  jelly-like  substance  or 
zoogioea,  which  limits  or  arrests  their  motion.  Their  movements  are  produced 
by  a  flagellum  at  one  or  both  ends.  This  can  only  Ije  recognised  by  the  very 
highest  powers  of  the  microscope.  Bacteria  multiply  solely  by  fission  and  never 
develop  spores. 

Bacilli  are  cylindrical  in  form,  like  bacteria,  but  their  length  is  greater  in 
proportion  to  their  breadth.  They  vary  greatly  in  size,  some  forms  not  being 
more  than  ^  o  wo  of  an  inch  in  length,  while  others  may  reach  x2Vo-  In  form 
some  varieties  are  straight,  others  slightly  curved.  They  are  mostly  non-motile, 
but  some  kinds  are  provided  with  a  flagellum  and  are  capable  of  independent 
movement.  All  multiply  by  fission,  and  the  separate  segments  may  remain 
attached  to  each  other,  forming  long  jointed  filaments.  Most,  if  not  all,  also 
propagate  themselves  by  spores  under  special  conditions.  The  spore  first 
appears  in  the  substance  of  the  bacillus  as  a  bright  spot,  which  gi-adually 
increases  in  size,  consuming  a  certain  proportion  of  the  protoplasm  in  so 
doing,  till  it  may  form  a  slight  thickening  of  the  rod  at  the  point  at  which  it 
lies.  Several  spores  commonly  form  in  each  rod.  Finally  the  remaining 
jjrotoplasm  perishes,  the  sheath  gives  ^-ay,  and  the  sj)ores  become  free.  The 
spores  stain  feebly  or  not  at  all  with  aniline  dyes,  and  are  thus  recognised 
without  difficulty. 

Spirilla  are  spiral  filaments,  possessing  active  powers  of  movement.  They 
are  beheved  to  form  spores  like  the  bacilli. 

All  these  organisms  being  destitute  of  chlorophyl  consume  oxygen  in  their 
growth  and  give  ofF carbonic  acid.  Some  require  free  oxygen,  and  are  for  that 
reason  termed  "  aerobic  "  by  Pasteur  ;  others  are  capable  of  obtaining  the 
necessary  oxygen  from  organic  compounds  and  are  then  termed  "anaerobic." 
All'require  an  abundant  supply  of  water,  without  which  they  cannot  grow. 

All  these  micro-organisms  are  killed  by  boiling  the  liquid  in  which  they  ai-e 
growing,  and  most  by  a  temperature  of  140°  F.  Freezing  is  also  fatal  to  many 
forms,  and  fcAv  surviv  e  jDrolonged  drying.  AU  chemical  substances  classed  as 
antiseptics,  such  as  carbolic  acid,  salicylic  acid,  perchloride  of  mercmy,  &c., 
when  in  solutions  of  sufficient  strength,  destroy  their  vitality  ;  in  weaker 
solutions  they  inhibit  their  growth. 

The  spores  of  the  bacilli,  however,  exhibit  the  most  remarkable  resisting 
powers.  They  are  not  affected  by  boiling  unless  it  be  prolonged  for  some 
minutes ;  they  are  uninjured  by  di'ying  or  freezing,  and  only  the  most 
powerful  antiseptic  solutions  will  destroy  their  vitality.  None,  however,  are 
supposed  to  be  ca])al)le  of  withstanding  a  dry  heat  of  250°  F.  maintained  for 
one  hour. 

Among  these  various  fungi  some  are  capable  of  developing  in  dead  matter 
only,  others  can  attack  living  tissues  and  grow  amongst  them  like  true  para- 
sites. The  former  are  termed  septic  organisms,  saprophijies,  or  carrion  fungi^ 
the  latter parasiiic,  or pcithogctiic  fiingi.  It  is  with  tlie  septic  fungi  only  that 
we  liave  to  deal  at  the  present  inoinent. 

Eaoli  fungus  which  acts  as  a  ferment  is  su])posed  to  set  up  a  special  process 
accompanied  by  the  formation  of  defiiiite  chemical  compounds,  but  this  subject 
is  at  present  ^  eiy  imjjerfectly  worked  out.  In  putrid  animal  fluids  many 
fonns  of  fungi,  belonging  to  all  tlie  classes  above  mentioned — mici-ococci, 
bacteria,  bacilli  and  spirilla — are  always  met  with,  and  the  products  of  ordinary 
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putrefaction  are  consequently  extremely  numerous  and  complex.  It  is  im- 
possible to  name  a  special  organism  for  every  product,  and  there  is  no  doubt 
that  one  may  give  rise  to  many.  The  chief  products  of  putrefaction  of 
animal  matter  are  the  following  : — Gases  -.  Nitrogen,  Carburetted  hydrogen, 
Hydrogen  sulphide,  Hydrogen  phosphide.  Ammonia,  Ammonium  carbonate. 
Acids  :  Formic,  Acetic,  Butpic,  Propionic  ;  Ammonium  sulphide.  Tyrosiii 
nnd  Leucin  are  also  present.  In  addition  to  these,  substances  chemically  allied 
to  Alkaloids,  and  known  as  Ptomaines,  are  developed.  These  are  intensely 
poisonous,  Bergmanu  isolated  a  special  crystalline  substance,  to  which  he 
gave  the  name  of  sepsin,  and  which  he  believed  to  be  the  special  toxic  agent 
in  septic  fluids  ;  but  it  is  probable  that  the  poisonous  and  irritating  properties 
of  putrid  matter  are  not  due  to  a  single  substance,  and  in  the  present  state 
of  our  knowledge  it  is  more  convenient  to  use  the  general  term  "  products  of 
putrefaction  "  than  to  attempt  to  specify  any  special  septic  poison. 

As  a  general  rule  it  may  be  stated  that  when  gas  is  abundantly  developed  in 
a  putrid  animal  substance  it  is  due  to  the  presence  of  bacteria,  most  micro- 
cocci and  bacilli  not  giving  rise  to  any  appreciable  amount  of  gaseous  products. 
In  ordinary  foetid  putrefaction  the  organism  constantly  present  is  the  Mrtcrium 
termo.  This  is  a  short  actively-moving  organism,  rather  oval  than  rod-like 
in  shape.  It  requires  abundant  water  for  its  growth,  and  is  easily  destroyed  by 
drying  and  by  all  antiseptics.  When  micrococci  alone  exist  in  an  albuminous 
fluid  there  may  be  a,  sour  smell,  but  there  is  not  the  ordinary  foetid  odour  of 
putrefaction.  In  the  practical  prevention  of  fermentative  changes  in  animal 
fluids,  as  in  the  antiseptic  treatment  of  wounds,  it  is  found  much  easier  to 
exclude  bacteria  than  micrococci,  as  these  latter  seem  to  grow  under  conditions 
which  destroy  the  former. 

It  has  been  proved  by  experiment  that  septic  or  non-pathogenic  organisms 
cannot  develop  amongst  living  tissues,  and  should  they  enter  the  blood-stream 
they  speedily  perish.  The  local  and  constitutional  effects  they  produce  are 
solely  by  means  of  the  chemical  products  formed  in  the  dead  matter  in  which 
they  are  growing. 

That  these  organisms  are  the  actual  cause  of  putrefaction  of  dead  animal 
matter  is  now  almost  universally  acknowledged,  the  labours  of  Pasteur  and  his 
followers  having  put  the  "  germ  theory  of  decomposition  "  almost  beyond 
question.  That  the  microscopic  fungi  found  in  septic  fluids  have  in  the  vast 
majority  of  cases  been  derived  from  pre-existing  organisms  of  the  same 
kind  is  also  the  opinion  of  the  great  majority  of  those  who  have  made  the 
■subject  a  special  study.  This  is  not  the  place  to  discuss  whether  under 
peculiar  circumstances  microscopic  fungi  can  be  spontaneously  generated  in 
dead  animal  matter;  for  this  I  must  refer  the  reader  to  the  writings  of  Pasteur, 
Bastian  and  Tyndall,  So  far  as  our  present  purpose  is  concerned,  it  may  be 
sufficient  to  state  that  putrescible  fluids,  such  as  urine,  milk,  or  hydrocele 
serum,  if  coUected  in  vessels  which  have  been  heated  to  a  teipperature  suffi- 
cient to  destroy  all  living  organisms,  and  with  due  precautions  to  avoid  con- 
tamination from  other  sources,  may  be  kept  for  an  indefinite  time  without 
undergoing  any  chemical  change  or  developing  any  fungoid  growths.  Air 
may  be  freely  admitted  to  them  without  producing  any  signs  of  putrefaction  if 
it  has  been  previously  deprived  l)y  filtration  of  any  solid  particles  floating  in  it, 
or  if  it  has  been  submitted  to  a  sufficiently  high  temperature,  or  to  the  action 
of  some  chemical  substance  capable  of  destroying  the  vitality  of  any  living 
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organism.  It  is  evident  therefore  that  putrefaction  is  not  merely  a  chemical 
process  caused  by  the  presence  of  gases  of  the  air.  If  a  fluid  or  solid  culti- 
vating medium  which  has  thns  been  kept  unchanged  for  weeks,  or  even 
months,  be  exposed  to  unpurified  air  for  a  few  seconds  and  then  again  pro- 
tected, no  result  may  follow  ;  if  for  a  few  minutes,  microscopic  fungi  are 
almost  sure  to  make  their  appearance  before  long ;  but  it  is  by  no  means 
certain  that  the  organism  that  appears  will  be  a  bacterium,  or  that  the  fer- 
mentation that  follows  will  be  ordinary  foetid  putrefaction.  More  commonly 
moulds  of  various  kinds  appear,  especially  if  the  air  be  dry.  If  the  exposure 
be  prolonged,  or  the  air  ^-ery  damp,  the  probability  of  the  appearance  of 
bacteria  will  be  much  greater.  The  conclusion  drawn  from  this  is  that  the 
•spores  of  moulds  are  always  floating  in  the  air  in  considerable  numbers,  but 
that  bacteria  are  much  less  abundant,  although  often  present.  The  same 
result  may  be  obtained  by  cultivating  the  dust  of  a  room  on  nutritive  gelatine 
or  on  a  boiled  potato.  In  a  series  of  cultivations  bacteria  and  micrococci 
appear  occasionally,  while  the  moulds  constantly  develop.  By  exposmg  fluids 
or  other  cultivating  media  to  the  air  for  fixed  periods  of  time,  it  can  be  clearly 
shown  that  all  forms  of  organisms  exist  much  more  abundantly  in  the  air  of 
houses  than  in  that  of  the  open  country,  and  more  in  great  cities  than  smaller 
towns  (see  p.  9). 

The  number  and  nature  of  the  organisms  which  develop  after  exposure  of 
artificial  cultivating  media  to  the  air  have  been  found  by  Miquel  to  vary 
considerably  with  the  composition  of  the  fluids  used.  Thus,  he  states  that  a 
measured  quantity  of  air  containing  200  organisms  ca]3able  of  developing  on 
a  weak  neutralised  solution  of  Liebig's  extract  of  meat  might  only  contain 
one  capable  of  growing  in  a  neutralised  infusion  of  hay.  This  he  terms  a 
difference  of  "  sensitiveness  "  or  "  putrescibility."  It  would  seem  that  pus, 
blood-serum,  and  more  especially  blood,  have  a  low  degree  of  putrescibility, 
and  may  be  exposed  to  an  unpurified  air  with  much  less  risk  of  decomposition 
than  was  at  first  supposed,  the  great  majority  of  air-borne  organisms  being 
incapable  of  developing  in  albuminous  fluids  of  so  high  a  degree  of  concen- 
tration. Although  by  applying  the  results  of  experiments  made  with  highly 
sensitive  fluids  directly  to  serum  and  blood  an  exaggerated  idea  of  the  putres- 
cibiUty  of  these  fluids  was  at  one  time  entertained,  it  cannot  be  denied  that 
organisms  may  be  present  in  the  air  which  are  capable  of  growing  and  setting 
up  fermentative  changes  even  in  those  concentrated  albuminous  fluids,  and  it 
would  seem  wiser  not  to  run  into  the  opposite  extreme  of  ignoring  air-borne 
organisms  altogether  as  a  source  of  infection  of  the  discharges  of  wounds  or 
abscesses.  In  our  damp  climate  especially  it  is  certain  that  the  ordinary 
septic  bacteria  are  usually  present  in  the  dust  of  the  air. 

If  instead  of  exposing  the  putrescible  fluid  to  the  air  a  small  quantity  of 
unpurified  water  be  added,  bacteria  make  their  appearance  with  almost  absolute 
certainty  and  ordinary  foetid  putrefiiction  most  commonly  follows.  From  this 
it  is  to  be  concluded  that  water  is  the  special  habitat  of  the  ordinary  bacteria 
of  putrefaction.  However  much  therefore  we  may  feel  justified  in  relaxing 
gome  of  the  ])recautions  lately  recommended  for  the  exclusion  of  the  dust  of 
the  air  from  wounds,  we  cannot  be  too  careful  to  avoid  the  use  of  water  which 
has  not  been  rendered  innocuous  by  tlie  admixture  of  some  eificient 
antiseptic. 

Assuming,  therefore,  that  the  micro-organisms  arc  the  cause  of  the  process 
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of  putrefaction,  by  what  means  can  they  gain  access  to  the  pufcvescible  matter 
in  wounds,  abscesses  or  cavities  containing  animal  fluids  ? 

Only  two  modes  of  entrance  need  be  considered  :  1.  The  organisms  might 
he  conceived  to  enter  ly  the  Ivngs  and  alimentary  canal,  and  thus  find  their  way 
into  the  circulation  and  enter  the  dead  matter  from  within.  That  this  mode 
of  entrance  does  not  occur  with  the  bacteria  of  decomposition,  is  evident  from 
the  fact  that  subcutaneous  accumulations  of  putrescible  fluids  such  as  pus,  or 
serum,  or  portions  of  dead  tissue,  such  as  a  part  of  an  organ  cut  off  from  its 
blood  supply  by  a  simple  embolon,  do  not  undergo  putrefaction.  It  has, 
moreover,  been  shown  by  experiment  that  the  bacteria  which  cause  ordinary 
putrefaction,  even  if  injected  into  the  blood  stream,  speedily  perish.  That 
other  forms  of  organisms  can  enter  in  this  way  must  be  acknowledged 
unless  we  are  prepared  to  admit  that  they  are  spontaneously  generated,  for 
in  all  acute  infective  inflammations,  and  in  all  acute  abscesses,  microscopic 
organisms  are  found  at  the  seat  of  disease  even  when  there  is  no  external 
wound, 

2.  The  bacteria  are  admitted  directly  from  tvithoul.  Of  this  there  can  be  no 
doubt.  We  have  already  seen  that  they  may  be  present  in  the  air,  although 
not  in  such  numbers  as  was  at  one  time  supposed  ;  they  are  more  abundant, 
however,  in  the  neighbourhood  of  decomposing  matter,  as  in  a  ward  containing 
many  wounds  the  discharges  of  w^iich  are  in  a  state  of  decomposition.  They 
are  earned  into  wounds,  abscesses,  or  other  cavities  by  the  Surgeon's  hands,  by 
instruments,  and  more  especially  by  water,  unless  some  means  are  adopted  to 
destroy  them.  Still  it  cannot  be  too  clearly  borne  in  mind  that  even  when 
they  are  carried  into  the  body,  or  into  a  wound,  the  ordinary  bacteria  of  putre- 
faction can  do  no  harm  unless  they  come  in  contact  with  dead  matter.  They 
speedily  perish  in  the  blood,  and  they  exert  no  influence  on  living  tissues. 
Amongst  living  tissues  we  must  class  the  coagulable  lymph  or  plastic  exuda- 
tion that  cover  the  surface  of  a  wound  ;  while  the  serum  is  dead  matter. 
In  a  wound  or  abscess  cavity,  therefore,  which  is  perfectly  drained,  they  soon 
perish  ;  and  were  perfect  drainage  always  possible,  we  need  not  fear  the 
presence  of  bacteria.  It  is,  however,  not  possible  ;  and  consequently,  accord- 
ing to  the  germ  theory  of  decomposition,  it  becomes  in  most  cases  a  matter  of 
great  importance  to  exclude  all  micro-organisms  from  wounds  or  abscesses, 
and  to  destroy  any  which  may  have  found  admission. 

4.  Organised  Irritants. — This  class  of  irritants  includes  those  organisms 
which  have  the  power  of  growing  like  true  parasites,  in  the  living  tissues  of 
the  animal  body.  Amongst  them  must  be  included  certain  animal  parasites, 
such  as  the  itch  insect  (acarus  scabiei),  the  chigoe  (pulex  penetrans),  the 
trichina  spiralis,  &c.,  which  bury  themselves  in  the  hving  tissues  and  there 
excite  a  greater  or  less  degree  of  inflammation.  These  are,  however,  of  Httle 
importance  compared  to  the  vegetable  organisms  which  are  now  believed  by 
the  majority  of  pathologists  to  be  the  direct  cause  of  many  forms  of  inflam- 
mation, as  erysipelas,  malignant  pustule,  and  other  specific  affections. 
Assuming  this  theory  to  be  true,  it  is  probable  that  the  inflammation  is  the 
result  of  the  formation  of  irritating  chemical  products  by  a  process  analogous 
to  putrefaction  and  fermentation  ;  still  it  is  important  to  make  a  very  clear 
distinction  between  the  effects  of  simple  putrefaction  and  the  inflammation 
caused  by  these  more  potent  organisms.  In  simple  putreftiction  the  irritating 
material  is  formed  as  the  result  of  changes  occurring  in  the  dead  matter  only, 
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and  may  be  regarded  as  being  developed  outside  tbe  body  ;  and,  when  it  gives 
rise  to  spreading  inflammation,  this  is  due  merely  to  the  chemical  i)roducts  of 
the  process  soaking  into  the  suri'ounding  tissues,  just  as  any  soluble  irritating 
salt,  such  as  corrosive  sublimate,  might  do  ;  but  the  irritant  does  not  increase 
iu  quantity  amongst  the  living  tissues,  and  its  effects  are  directly  projjortionai 
to  the  quantity  developed  locally.  There  is,  iu  other  words,  no  infection  of  the 
surrounding  tissues.  With  the  organisms  of  which  we  are  now  speaking, 
however,  the  case  is  different,  for  they  grow  into  the  surrounding  living  tissues, 
and  excite  inflammation  as  they  spread  ;  they  enter  the  circulation  by  the 
lymph  stream,  or  by  the  blood  vessels,  and  may  multiply  in  the  circulating 
blood,  giving  rise  to  changes  in  its  composition  incompatible  with  life,  or  they 
may  lodge  in  distant  parts,  and  there  grow  and  set  up  local  inflammation 
similar  to  that  at  the  original  seat  of  disease.  From  their  direct  power  of 
exciting  unhealthy  processes,  these  organisms  are  spoken  of  as  "  pathogenic 
fungi."  They  cause  a  true  infection  doth  locally  amongst  the  tissues  adjoining 
the  part  first  affected,  and  generally  in  the  ivhole  system.  The  poison  multiplies 
in  the  body  of  the  aff:'ected  individual,  and  the  effects  it  produces  are  not 
proportional  to  the  quantity  of  the  original  dose  inoculated.  To  inflammations 
arising  fi-om  this  cause  the  term  "  infective  "  is  apphed. 

Tlie  organisms  which  are  fomid  associated  with  "  infective  "  inflammations 
belong  to  the  same  orders  and  classes  as  the  septic  fungi  just  described.  They 
beloiig  chiefly  to  the  orders  micrococcus  and  bacillus  (see  p.  107),  but 
pathogenic  bacteria  are  also  met  with,  as  in  emphysematous  gangi-ene.  The 
individual  species  will  be  described  with  the  diseases  with  which  they  are 
associated  (Anthrax,  Glanders,  Tubercle,  Erysipelas,  Acute  Necrosis,  &c.) 

The  theory  of  infective  inflammations  generally  received  at  the  present 
tune  is  that  under  certain  conditions  these  parasitic  fungi  take  up  their  abode 
m  a  part  of  the  body,  frequently  already  damaged,  as  in  a  wound  or  a  centre 
of  suppuration,  and  then,  while  growing,  give  rise  to  a  process  of  fermentation 
in  the  fluids  of  the  part,  the  products  of  M'hich  are  intensely  irritating  locally, 
and  poisonous  if  absorbed  into  the  system.  Some  forms  are  capable  of  living 
and  multiplying  in  the  blood  and  thus  affecting  the  whole  system.  They  are 
then  supposed  to  act  partly  by  lodging  in  minute  vessels  and  exciting  at  the 
point  at  which  they  are  arrested  a  process  of  inflammation  similar  to  that  in 
the  original  seat  of  disease  partly  by  forming  poisonous  products  by  their 
action  on  the  fluids  of  the  blood,  and  partly,  like  true  parasites,  by  absorbing 
oxygen  and  other  nutriment  to  the  detriment  of  the  tissues  of  the  body. 

Although  our  acquaintance  with  the  relation  of  microscopic  organisms  to 
infective  processes  has  been  A^astly  increased  of  late  years  by  the  labours  of 
Pasteur,  Koch,  Toussaint,  Klebs,  Burdon-Sanderson  and  many  others,  yet  wc 
are  veiy  far  from  possessing  a  complete  knowledge  of  the  subject. 

Admitting  to  the  fullest  possible  extent  the  influence  of  pathogenic  fungi  iu 
the  causation  of  infective  processes  in  wounds  and  elsewhere,  experience 
teaches  us  that  the  hygienic  surrouudings  of  the  patient  exert  an  influence  of 
the  greatest  importance  in  their  development. 

Putrefaction  is,  as  we  all  know,  a  process  (|uite  independent  of  hygienic 
conditions  :  a  dead  body  will  become  putrid  in  the  fresh  air  of  the  countiy 
just  as  surely  as  in  a  crowded  city,  and  in  the  same  way  ])ent-up  discharges 
will  putrefy  in  a  palace  as  certainly  as  in  the  ibulest  dwelling  of  the  poor. 
Under  the  l)e8t  hygienic  conditions,  if  putrid  discharges  accumulate  in  a 
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wound  or  iu  the  cavity  of  an  opened  al)scess,  local  inflammatiou  and  suppura- 
tion are  excited  and  union  of  the  wound  or  closing  of  the  abscess-ca^'ity  is 
delayed.  The  local  and  constitutional  disturbance  will,  however,  be  less  than 
when  the  patient  is  exposed  to  bad  hygienic  conditions  ;  for  the  tissues 
being  better  nourished,  will  suffer  less  from  the  irritation  of  the  septic  matter, 
and  the  septic  poison  entering  the  system  will  be  more  readily  eliminated. 
True  infective  processes  in  wounds  are  rare,  even  when  the  discharges  are 
decomposing,  unless  at  the  same  time  the  patient  is  exposed  to  unhealthy 
surroundings.  In  private  })ractice  erysipelas  is  uncommon,  pytemia  is  rarely 
met  with,  and  hospital  gangrene  is  unknown,  even  when  no  special  means  arc 
adopted  to  prevent  decomposition  of  the  discharges.  If,  however,  a  number 
of  patients  whose  wounds  are  treated  without  antiseptics,  be  crowded  together, 
as  in  the  case  of  the  wounded  after  a  battle,  even  if  it  be  in  a  building  which 
has  never  before  been  used  for  such  a  purpose,  infective  processes  are  certaiu 
to  manifest  themselves.  How  it  is  that  infective  processes  characterised  l)y 
the  presence  of  a  specific  virus  capable  of  transference  fi'om  one  individual  to 
another,  make  their  appearance  under  unfavourable  hygienic  conditions  is  still 
far  from  being  fully  understood.  Assuming  that  the  micro-organisms 
constantly  associated  with  infective  inflammations  stand  to  these  processes  in 
the  relation  of  cause  and  effect,  it  has  yet  to  be  determined  whether  each  form 
of  infective  inflammation  is  due  to  a  specific  organism  constantly  present 
iu  the  air  or  in  water  and  ready  to  attack  the  patient  when  the  unhealthy 
suiToundings  to  which  he  is  exposed,  or  other  causes  of  mal-nutritiou,  such  as 
prolonged  wound-fever,  or  constitutional  disease  have  reduced  his  strength  so 
far  as  to  make  it  possible  for  the  parasitic  fungi  to  invade  his  body  ;  or 
whether  simple,  non-pathogenic  organisms  may,  by  growing  in  the  discharge 
of  a  wound  rendered  unhealthy  by  putrefaction,  develop  a  virulence  they  did 
not  before  possess,  and  so  become  capable  of  invading  the  living  tissues. 
This  subject  involves  the  whole  question  of  the  "  mutability  of  bacte'ria,"  and 
cannot  be  discussed  here.  Suffice  it  to  say  that  Koch  and  other  observers 
have  shown  that,  however  the  organisms  may  acquire  their  virulent  properties, 
and  whatever  may  be  their  origin,  when  a  characteristic  organism  has  been 
found  associated  with  a  distinct  form  of  infective  inflammation,  it  can  be  ■ 
transferred  from  animal  to  animal  by  inoculation  and  even  cultivated  artificially 
in  proper  media  outside  the  body;  and  that  generation  after  generation  it 
reproduces  itself  in  the  same  form,  and  when  inoculated  produces  the  same 
variety  of  infective  process. 

Assuming  the  presence  of  pathogenic  organisms  in  the  surroundings  of  the 
patient,  how  do  they  gain  admission  to  the  system  ?  The  direct  inoculation 
of  a  wound  is  undoubtedly,  iu  the  vast  majority  of  surgical  cases,  the  mode  of 
infection.  As  before  stated  (see  page  11),  the  air  of  a  hospital  ward  has 
been  shown  to  contain,  in  addition  to  fi-agments  of  clothing,  epithelium- 
cells,  &c.,  which  are  always  found  in  inhabited  rooms,  pus  cells,  fragments  of 
dried  scabs,  and  bacteria,  increasing  in  number  in  the  neighbourhood  of  a  foul, 
discharging  wound.  It  is  evident,  therefore,  that  unless  wounds  be  specially 
protected,  infection  of  one  from  another  may  most  easily  occur,  the  danger 
beuig  diminished  proportionally  to  the  separation  of  the  patients  and  the 
freedom  of  admission  of  pure  air.  The  poison  can  also  undoubtedly  be  carried 
from  one  wound  to  another  by  dirty  instruments,  or  sponges,  or  by  the 
Surgeon's  hands  or  clothes. 
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It  cannot  be  denied,  however,  that  it  is  possible,  in  the  case  of  patho^reuic 
organisms,  lor  the  infection  to  reach  the  local  seat  of  inflammation  from  within. 
Microscopic  organisms  are  found  in  all  acute  aljscesses  and  iu  many  infective 
inflammations  in  which  there  is  no  open  wound  ;  and,  unless  we  assume  that 
they  have  been  spontaneously  generated  within  the  body,  we  must  admit  that 
they  have  found  their  way  in  by  the  lungs  or  alimentary  canal.  We  have 
before  seen  that  this  mode  of  entrance  cannot  be  admitted  in  the  case  of  the 
ordinary  bacteria  of  decomposition  ;  it  is  equally  certain  that  it  cannot  be 
denied  in  the  case  of  the  organisms  of  infective  inflammations.  Experience, 
however,  teaches  us  that  it  is  not  by  any  means  common  in  local  injuri&s  ;  for 
the  total  absence  of  organisms  from  a  wound  can  be  assured,  almost  with 
certainty,  by  means  calculated  to  protect  it  from  external  contamination  only. 

Lastly,  it  remains  to  be  discussed,  what  is  the  relation  of  ordinary  putrefac- 
tion to  the  development  of  infective  inflammations  ? 

Ordinary  putrefaction  acts  both  generally  and  locally.  The  invasion  of  the 
living  tissues  by  an  infective  process  may  be  regarded  as  a  struggle  between 
the  virus  and  the  tissues,  and  anything  that  lowers  the  vitality  of  the  latter 
Avill  favour  the  former.  The  putrefying  discharges  irritate  the  parts  with 
which  they  come  in  contact  and  directly  lower  their  vitality,  as  is  evidenced 
by  the  inflammation  set  up  ;  and  they  thus  favour  the  invasion  of  the  tissues 
by  the  pathogenic  bacteria.  This  would  be  only  in  harmony  with  the  well- 
known  fact  common  to  the  animal  and  vegetable  kingdoms,  that  feeble 
individuals,  or  feeble  parts  of  an  individual,  are  most  readily  invaded  by 
parasitic  fungi. 

The  inflammation  set  up  by  the  septic  matter  is  accompanied  by  a  more  or 
less  abundant  formation  of  pus  ;  and  so  long  as  suppuration  lasts  we  have  in 
the  wound  or  abscess  a  medium  in  which  pathogenic  fungi  which  may  find 
entrance  to  it  will  readily  develop. 

The  contrast  between  a  wound  healing  aseptically  by  the  first  intention  and 
one  in  which  septic  suppuration  is  taking  place  on  the  third  day  is  so  marked 
as  scarcely  to  require  comment.  In  the  former  case,  tissues  in  a  full  state  of 
vitality  are  separated  merely  by  a  thin  layer  of  plastic  exudation  so  largely 
composed  of  living  cehs  that  it  may  fairly  be  regarded  as  hving  tissue  ;  in  the 
latter,  the  tissues  for  some  distance  on  each  side  are  lowered  in  their  vitality 
by  the  irritation  of  the  products  of  putrefaction,  and  are  separated  from  each 
other  by  a  fluid  which  forms  one  of  the  most  suitable  media  for  the  develoj^ment 
of  any  true  infective  virus  that  may  find  admission  to  it. 

Generally  decomposition  of  the  discharges  acts  in  two  ways  :  fii-st,  it 
depresses  the  patient  by  the  fever  caused  by  the  absorption  of  the  products 
of  putrefaction,  and  thus  renders  him  more  liable  to  suffer  from  any  general 
infective  process ;  and  secondly,  it  is  a  well-recognised  fact  that  the  emanations 
from  putrid  matter  exert  an  injurious  influence  on  the  health  of  those  that 

inhale  them  in  fact,  the  removal  of  putrescible  matter,  or  the  prevention  of 

its  decomposition,  forms  one  of  the  most  essential  features  of  domestic  and 

hospital  hygiene.  , 

No  greater  mistake  could  be  made,  however,  than  to  imagine  that  with  the 
prevention  of  putrefaction  all  necessary  hygienic  precautious  are  ended.  As 
before  pointed  out  (page  10),  the  products  of  respiration  foul  the  air  and 
exert  a  depressing  influence  on  those  who  breathe  it  to  a  degree  that  cannot  be 
over-rated  ;  and  there  is  no  doubt  that,  much  as  antise])tics  have  done  m  the 
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prevention  of  infective  inflammations,  no  inconsiderable  part  of  the  improve- 
ment in  the  results  of  modern  surgery  must  be  attributed  to  the  greater 
attention  paid  to  general  hospital  hygiene,  especially  to  the  improvements  in 
ventilation  and  the  avoidance  of  over-crowding. 

5,  Functional  Irritation. — Every  tissue  requires  a  periodic  rest  from 
fimctional  activity  for  healthy  nutrition,  but  it  is  very  seldom  that  the  want  of 
such  rest  can  act  as  more  than  a  predisposing  cause  of  inflammation.  Occa- 
sionally, however,  inflammations  of  joints  or  of  the  eyes  seem  to  be  directly 
dependent  on  excessive  exercise  of  function. 

G.  Nervous  Irritants. — The  part  played  by  the  nervous  system  in  the  direct 
causation  of  inflammation  has  always  been  a  question  involved  in  considerable 
obscurity.  That  inflammation  can  take  place,  and  readily  does  so,  in  a  part 
completely  cut  off  from  any  connection  with  the  central  nervous  system  has 
been  proved  by  numerous  experiments  ;  in  fact,  such  a  condition  has  already 
been  described  as  a  predisposing  cause  of  the  process.  The  clinical 
phenomena  usually  given  as  examples  of  inflammation  arising  from  injmious 
influences  transmitted  to  the  affected  part  by  means  of  the  nervous  system, 
are  the  so-called  sympathetic  inflammations  of  the  eye  and  of  the  testicle,  and 
herpes  zoster.  It  is  a  well-known  fact  that,  when  one  eye  is  affected  by 
destructive  inflammation  foUowing  a  wound,  unless  the  diseased  globe  be 
early  removed,  the  other  eye  is  liable  also  to  become  inflamed.  The  latest 
observations,  however,  tend  to  prove  that  the  inflammation  in  such  cases 
in  reality  spreads  from  one  eye  to  the  other  by  direct  extension  along  the 
optic  nerve  to  the  commissure.  Gonorrhoeal  inflammation  of  the  testicle  is  in 
like  manner  now  usually  regarded  as  a  direct  extension  of  the  inflammation  by 
means  of  the  vas  deferens.  Herpes  zoster  is  an  inflammation  of  the  skin 
arising  from  no  known  external  cause,  and  usually  limited  to  the  area  supplied 
by  a  single  sensory  nerve.  In  this  case  we  can  scarcely  doubt  that  the  cause, 
whatever  it  may  be,  acts  in  some  way  through  the  nerve.  Although  it  is 
difficult  to  prove  that  the  nerves  take,  ordinarily,  any  active  part  in  the 
causation  of  inflammation,  there  is  no  doubt  they  exert  an  important  in- 
fluence on  its  progress  by  their  controlUng  influence  on  the  circulation. 
In-itation  of  a  sensory  nerve  is  known  to  cause  dilatation  of  the  vessels  in  the 
whole  area  supplied  by  the  nerve  ;  and  the  painful  stretching  of  the  nerves  in 
inflammatory  swelling,  by  causing  such  a  dilatation,  increases  the  blood  pressure 
in  the  inflamed  part,  and  consequently  augments  the  exudation  and  aggravates 
the  tension. 

Varieties  of  Inflammation. — John  Hunter  divided  inflammation  flrst 
into  two  kinds,  viz.,  the  healthy  and  the  unhealthy.  "  The  healthy,"  he  says, 
"  probably  consists  only  of  one  kind,  not  being  divisible  but  into  its  different 
stages."  "  The  unhealthy  admits  of  vast  variety,"  "  according  to  the  kind  of 
health  in  the  constitution  or  part."  He  also  divided  inflammation  according 
to  its  effects  into  "  the  adhesive,  the  suppurative,  and  the  ulcerative." 
The  term  "  adhesive  inflammation  "  has  taken  for  nearly  one  hundred 
years  so  important  a  place  in  surgical  language,  that  it  will  be  better  here 
briefly  to  define  it.  Adhesive  inflammation  is  the  result  of  an  irritant  acting 
temporarily  with  such  a  degree  of  severity  as  to  cause  exudation  of  almost  pure 
blood-plasma  and  migration  of  the  corpuscles,  with  coagulation  of  the  fibrin 
in  or  f)n  the  injured  tissues.  At  the  same  time,  the  damage  done  by  the  irritant 
must  not  be  of  such  severity  as  to  cause  the  death  of  any  appreciable  amount 
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of  tissue  ;  uoi' must  it  contiime  to  act  after  it  has  produced  the  degree  of 
impaired  vitality  in  the  vessels  necessary  to  cause  the  exudation.    To  take  an 
example  ;  the  damage  done  by  the  passage  of  a  shai-p  knife  through  healthy 
living  tissues  is  sufficient  to  develop  in  the  area  acted  upon  the  stage  of 
inflammation  characterised  by  retardation  of  the  blood-stream,  exudation  of  a 
coagulable  fluid  and  migration  of  white  corpuscles.    The  exudation  coagulates 
C)n  the  injured  surface  and  in  the  spaces  of  the  injured  tissue,  the  fibrin  and 
the  white  corpuscles  remain,  forming  what  is  known  as  "inflammatory  lymph," 
and  the  serum  partly  drains  away  externally  and  partly  returns  by  the  lymphatics 
to  the  circulation.   This  inflammatory  lymph,  or  plastic  exudation  as  it  is  better 
called,  is  the  material  of  adhesion  in  adhesive  inflammation,  and  if  two 
surfaces  covered  by  it  are  brought  in  contact,  they  adhere  to  each  other.  The 
knife  can  of  course  act  only  while  cutting  the  tissues  ;  the  moment  the  cut  is 
made  the  cause  ceases,  the  effect  only  being  left  behind.    If  no  new  cause  of 
irritation  comes  into  play  (such  as  the  friction  of  the  surfaces  on  each  other, 
or  the  presence  of  foreign  bodies,  or  chemical  irritants  as  putrid  matter,  per- 
sistently-acting, powerful  antiseptics,  &c.)  the  effect  gradually  subsides,  the 
injm-ed  tissues  recover  their  vitality,  exudation  ceases,  the  coagulated  inflam- 
matory lymph  remaining  glueing  the  surfaces  to  each  other,  and  adhesive 
inflammation  is  said  to  have  taken  place.    Should  some  persistent  source  of 
irritation,  such  as  one  of  those  above-mentioned,  be  brought  into  play  in  the 
wound,  the  exudation  does  not  cease  so  long  as  the  cause  of  irritation  is  acting ; 
consequently,  such  "  inflammatory  lymph  "  as  may  have  been  formed  by  the 
coagulation  of  the  exudation,  becomes  sodden  and  softened  by  the  continuous 
flow  from  the  vessels,  and  infiltrated  by  innumerable  migrating  coi-puscles  till 
it  breaks  up  and  flows  away  as  pus,  and  "suppurative  inflammation"  is 
said  to  have  been  developed.    At  the  same  time  that  this  is  taking  place,  the 
tissues  which  form  the  surfaces  of  the  wound,  being  unable  in  consequence  of 
the  presence  of  the  irritant  to  return  to  their  normal  state  of  Wtality,  become 
infiltrated  by  innumerable  wandering  cells  which  fill  all  the  spaces  and  press 
upon  the  original  tissues,  finally  absorbing  them  and  occupying  their  piacf  : 
thus  the  surface  of  the  wound  becomes  converted  into  a  layer  of  closely  packed 
leucocytes,  the  superficial  cells  of  which  are  continually  degenerating,  becoming 
loosened,  and  floating  away  in  the  discharge  as  pus-ceUs,  their  place  being 
taken  by  new  cells  forming  below.    If  the  development  of  this  new  tissue  i^; 
equal  to  the  disintegration  and  destruction  on  its  surface,  pus  continues  10 
flow  away,  but  no  further  destruction  of  the  original  tissues  takes  place  ;  if  it 
exceeds  the  destruction,  vessels  develop  in  the  new  tissue,  and  it  sprouts  up  as 
granulations  (see  Repair).    If,  in  consequence  of  a  higher  degree  of  irritation, 
the  destruction  exceeds  the  formation,  the  process  gradually  extends  into  the 
suiTOunding  tissues  ;  a  new  layer  becomes  infiltrated  by  migrating  cells, 
liressed  upon  and  absorbed,  and  its  place  occupied  by  the  crowded  leuco- 
cytes, which  in  their  tiu-n  break  doAVU  and  are  thrown  off",  and  thus  a  pro- 
gressive destruction  of  tissue  takes  ])Iace.    This  process  is  called  ulceration  ; 
or,  in  the  language  of  Hunter,  "ulcerative  inflammation"  is  said  to  be 
occuiTing.    If  the  irritation  be  still  more  severe,  the  migrating  cells  may 
perish  before  they  have  formed  a  distinct  layer  ;  and,  instead  of  the  proccs.s 
just  described,  in  which  the  original  tissues  are  first  replaced  by  the  leucocytes 
'which  then  break  down  and  melt  away  as  pus,  the  tissues  may  themselves 
undergo  direct  disintegration,  and  the  products  of  this  change  will  form  part 
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of  the  discharge,  wliich  under  these  circumstaaces  will  contaiu  shreds  of 
the  broken-down  tissues  and  be  less  rich  in  leucocytes,  or  in  other  words 
in  pus-ceDs.  Thus  in  rapid  ulceration  the  discharge  may  he  scarcely  puriform, 
but  composed  of  serous  fluid  with  the  debris  of  the  perishing  tissues.  Lastly, 
if  the  irritation  be  still  more  intense  and  rapid  in  its  action,  or  the  original 
vitality  of  the  affected  part  so  low  that  it  is  incapable  of  resisting  even  mild 
injurious  influences,  the  death  of  the  original  tissue  will  take  place  with  such 
rapidity  that  the  dead  mass  will  be  visible  to  the  naked  eye,  forming  a  slough, 
jmd  the  process  is  then  spoken  of  as  gangrenous  inflammation.  Thus 
^-here  is  no  sharp  line  to  be  drawn  anywhere  between  simple  adhesive  and 
gangrenous  inflammation.  One  form  merges  into  another,  and  the  effect  pro- 
iluced  is  proportional  to  the  degree  of  irritation,  and  the  power  of  the  tissues 
to  resist  the  injurious  action  of  the  irritant. 

Inflammations  are  also  frequently  divided,  according  to  their  real  or  supposed 
causes,  as  Traumatic,  when  arising  from  injury,  Strumous,  Rheumatic, 
Gouty,  Syphilitic,  &c.,  and  finally,  when  the  cause  cannot  be  discovered, 
they  are  ofteri  called  Idiopathic. 

Perhaps,  however,  the  most  important  distinction  is  into  Simple  localised 
inflammations  and  Spreading  inflammations.  The  simple  localised  in- 
flammations are  due  to  causes  which  act  usually  only  on  a  limited  area  and  in 
jx  temporary  manner.  A  spreading  inflammation  is  one  in  which  the  cause  is 
of  such  a  nature  as  to  be  continuously  developed  either  in  contact  with,  or  in 
the  substance  of  the  affected  tissues,  and  which,  consequently,  extends  more  or 
less  widely  beyond  the  area  first  affected. 

The  most  perfect  example  of  a  simple  inflammation  is  that  produced  by  the 
action  of  a  sharp  knife  on  the  hving  tissues.  Here  the  cause  is  nearly 
instantaneous  in  action,  and  ceases  as  soon  as  the  cut  is  made.  The  effect  is 
accurately  limited  to  the  area  injured  ;  and,  unless  some  new  cause  be  intro- 
duced, the  resulting  inflammation  will  not  extend,  and  will  subside  as  soon 
as  the  tissues  by  their  inherent  vital  powers  have  recovered  from  the  injury. 
Ifcisfamihar,  however,  to  everyone  that  this  favourable  result  is  not  always 
obtained.  In  many  wounds,  the  signs  of  inflammation,  in  spite  of  our  efforts 
to  prevent  it,  extend  more  or  less  widely  beyond  the  injured  area,  and  reach 
their  maxunum  intensity  at  the  third  or  fourth  day— a  time  long  after  that  at 
which  the  tissues  should  have  completely  recovered  from  the  temporary 
damage  done  them  by  the  mechanical  violence  of  the  loiife.  It  is  evident 
tiiat  here  there  is  a  new  cause  introduced  which  acts  much  more  widely  than 
the  original  injury.  The  inflammation  has  assumed  a  spreading  instead  of  a 
simple  character.  The  spreading  character  may  be  due  to  one  of  two  classes 
of  causes.  Either  there  may  be  some  noxious  material  developed  in  the  wound, 
and  in  it  only,  which  soaks  away  into  the  surrounding  tissues,  exciting 
inflammation  as  far  as  it  extends  ;  or  the  noxious  material  which  excites  the 
inflammatory  process  may  have  started  from  the  wound  and  be  developing 
amongst  the  living  tissues  themselves,  and  consequently  be  theoretically 
oapable  of  almost  indefinite  extension.  The  former  condition  is  still  a  simple 
inflammation,  although  extending  beyond  the  area  first  injured  ;  the  latter  is 
a  true  wjective  process.  To  make  this  more  clear,  it  wil'l  be  better  to  give 
examples  of  these  two  forms  of  inflammation,  taking  as  before  a  wound  as 
the  startmg  point.  As  a  result  of  the  simple  traumatic  inflammation  which 
tollows  as  the  necessary  consequence  of  the  injury,  a  certain  amount  of 
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exudation  takes  place.  The  fibrin,  as  before  described,  coagulates  on  the 
surface,  entangling  the  corpuscles  in  its  meshes,  Avhile  the  serum  flows  away. 
If  from  any  cause  the  serum  becomes  retained  between  the  surfaces  of  the 
wound,  we  have  a  putrescible  fluid  at  some  degi'ee  of  pressure  in  contact  with 
the  raw  surfaces,  and  unless  special  means  are  taken  to  prevent  it,  decom- 
position Avill  take  place.  As  a  result  of  this  process,  readily  diffusible,, 
chemical  products  are  formed,  possessing  intensely  irritating  properties  ;  and 
in  consequence  of  the  shght  degree  of  pressure  to  which  the  pent-up  fluid  is 
exposed,  this  noxious  material  finds  its  way  into  the  surrounding  lymph-spaces, 
and  wherever  it  goes  it  damages  the  tissues  and  sets  up  the  inflammatory 
process.  In  this  case,  however,  the  irritating  material  is  fonned  solely  in  the 
dead  matter  in  the  wound.  Experiments  have  shoAvn  that  the  organisms 
which  accompany  and  are  believed  to  cause  the  process  of  putrefaction  of 
dead  matter  are  innocuous  to  Kving  tissues,  and  consequently  the  inflammation 
will  extend  only  as  far  as  the  products  of  putrefaction  diffuse  themselves  and  no 
farther.  Thus,  although  the  inflammation  spreads  beyond  the  area  originally 
injured,  the  process  is  as  truly  a  local  one  as  if  it  were  induced  by  filling  the 
wound  with  arsenic  or  some  other  diffusible  caustic.  Although  the  poison 
increases  in  quantity,  it  does  so  only  at  the  expense  of  dead  matter  in  the 
wound  which  may  be  considered  as  really  outside  the  body. 

The  true  infective  inflammations  are  due  to  the  accidental  intro- 
duction of  a  poison  or  virus  which  possesses  the  power  of  increasing  iu 
quantity  in  the  living  tissues.  The  effect  produced  is,  therefore,  quite  irre- 
spective of  the  size  of  the  original  wound  or  starting  point  of  the  inflammation. 
Thus  the  prick  of  a  needle  in  sewing  up  a  body  after  a  post-mortem  examina- 
tion, may  start  an  inflammation  extending  through  the  whole  arm.  In  an 
infective  process  of  this  kind  the  virus  exists  abundantly  in  the  products  of 
the  inflammation,  that  is  to  say,  in  the  inflammatory  exudation,  and  if  by  any 
means  these  products  are  transferred  from  one  part  of  the  body  to  another, 
they  set  up  a  similar  unhealthy  inflammation  wherever  they  may  lodge  ;  and, 
in  like  manner,  a  similar  inflammation  may  be  started  in  another  individual  by 
inoculation  of  the  exudation.  The  local  spread  of  the  inflammation  is  due  to  the 
irritating  inflammatory  products  w^hich  contain  the  ferment-like  poison  finding 
their  way  into  the  lymph-spaces  of  the  surrounding  tissues.  An  infective 
inflammation  may  be  limited  to  one  part  of  the  l)ody,  and  spread  merely  by 
local  infection,  as  in  spreading  gangrene  and  ])hlegmonous  erysipelas  ;  or  the 
poison  may  be  taken  up  by  the  lymphatics,  and  cause  inflammation  similar  in 
character  to  the  original  process  in  the  nearest  lymphatic  glands  without 
infecting  the  system  generally,  as  in  soft  chanci-e  and  some  forms  of  dissecting 
wound  ;  or  it  may  be  carried  throughout  the  body  by  means  of  broken-do wa 
clots  from  the  veins  of  the  primary  seat  of  disease,  giving  rise  to  local  inflam- 
mation Avherever  the  fragments  of  clot  may  lodge,  as  in  some  forms  of  pyaemia  : 
or,  lastly,  the  poison  may  enter  the  blood  and  multiply  in  it,  giving  rise  to  a 
general  infective  process  as  in  septic  infection,  malignant  pustule  (splenic 
fever)  or  syphilis.  The  term  "infective"  is,  therefore,  applied  only  to  those 
conditions  in  which  the  poison  multiplies  in  the  living  tissues  of  the  body  ; 
when  the  infection  merely  spreads  locally  without  affecting  the  whole  system, 
the  result  is  called  a  local  infective  inflammation ;  when  the  ]ioison  enters 
the  system  and  multiplies  throughout  it,  presnmably  in  the  blood,  the  attcction 
is  spoken  of  as  a  general  infective  process.    The  multiplication  of  the 
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poison  in  the  body  and  tlie  effect  produced  not  being-  proportional  to 
the  quantity  originally  inoculated,  long  ago  suggested  the  resemblance  of  the 
process  by  which  the  poison  is  developed  to  fermentation  ;  and  in  a  large 
number  of  infective  inflammations,  organised  irritants  in  the  form  of  definite 
pathogenic  fungi,  capable  of  acting  as  ferments,  have  been  shown  to  be 
constantly  present  in  the  inflamed  area.  Before  it  can  be  accepted  as  proved 
that  any  organism  is  the  actual  cause  of  a  specific  form  of  inflammation  or 
infective  process,  the  following  conditions  laid  down  by  Koch  must  be 
fulfilled : 

1.  In  every  case  of  the  disease  in  question  submitted  to  examination  a 
micro-organism  possessing  morphological  characters  sufficiently  definite  for  its 
recognition  must  be  found  in  the  affected  tissues  or  the  blood. 

2.  The  micro-organism  must  be  cultivated  out  of  the  body  in  a  suitable 
medium  m  such  a  manner  as  to  prevent  its  accidental  contamination  by  any 
other  organism.  The  cultivation  must  be  carried  on  to  many  generations  by 
successively  inoculating  fresh  portions  of  the  cultivating  medium  with  the 
growth,  until  it  may  be  assumed  that  no  trace  remains  of  the  blood  or  other 
animal  matter  with  which  the  first  culture  was  necessarily  contaminated. 

3.  The  pm-e  cultm-e  of  the  organism  must  then  be  inoculated  in  an  animal 
susceptible  to  the  disease  in  question,  with  the  result  of  producing  the  specific 
affection.  or 

w  "^■^^''f  i,^^'       characteristic  organism  must  again  be  found  in  the  tissues  or 
blood  of  the  animal  m  which  the  disease  has  been  artificially  induced 

All  these  conditions  have  been  fulfilled  in  a  large  nmnber  of  diseases  of 
animals,  such  as  anthrax,  glanders,  swine-plague,  spreading  gangrene  in 
mice,  &c.,  &c.  In  three  diseases  the  two  last  conditions  have  been  fulfilled  in 
the  human  subject.  Fehleisen  has  successfully  inoculated  the  micrococcus 
of  _erysipelas,  Bokai  that  of  gonorrhoea,  and  Garre,  the  staphylococcus  of 

On  the  other  hand,  in  some  undoubtedly  infective  inflammations,  no 
specific  organism  has  yet  been  definitively  proved  to  be  the  actual  cause,  as 
lor  example,  syphilis  and  soft  chancres. 

_  Inflammation  is  also  divided  into  acute  and  chronic,  according  to  its 
intensity  and  duration.  The  symptoms,  terminations  and  effects  that  have 
alix^ady  been  described  are  those  which  characterise  the  more  acute  and 
orcimary  forms  of  the  process.  Chronic  inflammation  will  be  described  in  a 
subsequent  part  of  this  chapter.  So-called  catarrhal  inflammation  will  also  be 
described  separately. 

Phlegmonous  is  a  term  applied  to  an  acute  inflammation  in  which  the 
caitlmal  symptoms-redness,  swelling,  heat  and  pain— are  well  marked. 

JMammations  of  organs  are  also  divided  into  interstitial  and  parenchy- 
matous. By  the  former  tenn  is  meant  that  the  process  is  either  limited  to  or 
most  marked  in  the  interstitial  fibrous  tissue  of  the  organ  ;  by  the  latter  that 
ae  special  structures,  as  the  epithelium  of  glands,  are  the  primary  seat  of  the 
secJmkrr''''''  ''''''  '^'''^  interstitial  tissues  being 

ar.o^''°'^^°''f  ^  term  applied  to  the  process  when  it  is 

of  n  ^  coagulated  fihrinons  exudation,  either  on  the  surfece 

Of  a  membrane  or  m  the  spaces  of  its  tissue. 

■I he  Local  Signs  of  inflammation  may  be  referred  to  five  heads 
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1.  Alteration  in  Colour;  2.  AUd'cition  in  Size  ;  3.  Modification  of  Smsalion. ; 
4.  Increase  of  Temperature ;  and  5.  Modification  of  Function  of  the  Part  Affected. 
The  first  four  of  those,  redness,  swelHng,  heat  and  pain  (Eubor  el  Tumor  cum 
Galore  ct  Dolore :  Celsus),  have  heen  described  from  time  immemorial  as  the 
cardinal  symptoms  of  inflammation.  Certain  of  these  conditions  may  occur 
separately, or  two  or  more  maybe  associated  together,  without  the  existence  of 
inflammation  ;  but  it  is  the  peculiar  grouping  together  of  them  all  that  most 
distinctly  characterises  the  presence  of  this  pathological  condition.  The 
relative  intensity  of  these  changes  varies  greatly,  according  to  the  tissue  which 
is  the  seat  of  the  inflammation  :  thus,  in  inflammation  of  mucous  membranes 
and  of  the  skin,  the  alteration  in  colour  is  most  marked  ;  in  inflammation  of 
the  areolar  tissue,  the  change  in  size  always  attracts  special  attention  ;  and 
when  a  fibrous  tissue  is  inflamed,  its  sensibility  becomes  gi-eatly  increased.  Tt 
must  not  be  forgotten,  however,  that  one  or  other  of  these  signs  may  be  absent, 
especially  pain  and  heat. 

1.  Alteration  of  Colour  is  one  of  the  earliest  and  most  striking  signs 
of  inflammation  ;  parts  that  are  naturally  perfectly  pale,  as  the  conjunctiva, 
assuming  the  most  vivid  red  colour  when  inflamed.    The  redness  is  due  to 
the  dilatation  of  the  vessels  and  the  accumulation  of  red  corpuscles,  and, 
in  very  acute  inflammations,  partly  to  the  escape  of  the  red  corpuscles 
from  the  vessels.   The  redness  of  acute  inflammation  varies  mth  the  intensity 
of  the  process.    Where  there  is  merely  determination  of  blood  it  disappears 
completely  and  readily  on  pressure  with  the  finger,  returning  again  with  the 
greatest  possible  rapidity  the  moment  the  finger  is  removed.    When  the 
circulation  is  retarded,  the  redness  disappears  and  returns  more  slowly,  and 
a  few  red  spots  may  remain  unaltered  by  pressure.    These  are  either  points  at 
which  the  process  has  reached  the  stage  of  stasis,  or  at  which  red  corpuscles 
have  escaped  from  the  distended  capillaries  into  the  surrounding  tissues. 
The  tint  of  the  redness  varies  also  according  to  the  activity  of  the  circulation 
through  the  inflamed  area.    When  the  flow  through  the  vessels  is  free  and 
rapid,  the  inflamed  surface  assumes  a  bright  scarlet  tint ;  but  where  there  is 
a  tendency  to  stagnation,  either  from  the  feeble  state  of  the  patient's  circula- 
tion, or  from  the  inflammation  having  approached  the  stage  of  stasis,  the 
colour  becomes  a  dull  purple.    The  change  from  bright  red  to  dusky  purple 
is  well  seen  in  phlegmonous  erysipelas,  when  the  circulation  through  the 
inflamed  skin  becomes  impeded,  and  gangrene  is  threatening.    After  acute 
inflammation  it  is  frequently  weeks  or  even  months  before  the  vessels  regam 
their  normal  tone,  and  until  this  has  taken  place,  a  certain  degree  of  redness 

will  remain.  .    .  „        ^-  t 

Redness  is  not,  however,  a  constant  appearance  m  mflammation.  In  non- 
vascular parts  it  occurs  in  the  nearest  vascular  tissues,  and  not  in  the  part 
actually  suffering  from  inflammation.  In  inflammation  of  the  iris  the 
dilated  vessels  are  concealed  by  the  pigment,  and  the  change  of  tint  is  from 
the  natural  brownish  or  bluish  colour  to  a  greyish  or  greenish,  in  consequence 
of   a  yellow  tinge  given  to  the  aqueous  humour  by  the  serous  exudation 

The  redness  of  inflammation  disappears  more  or  less  com])letely  after  death. 
Where  there  has  been  escape  of  the  coloured  corpuscles  red  spots  remain, 
giving  rise  to  the  appearance  known  as  "punctiform  redness."  In  septicasmia, 
pyaemia,  and  malignant  forms  of  the  acute  specific  diseases,  tlie  red  corpuscles 
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break  up  in  the  blood  before  death,  staining  the  serum  and  the  lining  mem- 
brane of  the  heart  and  great  vessels.  A  similar  staining  always  takes  place 
after  decomposition  has  set  in.  It  is  perfectly  uniform,  without  spots  or 
branching  lines,  and  must  be  carefully  distinguished  from  the  redness  of 
inflammation.  Increased  redness  develops  also  in  the  most  dependent  parts 
{ifter  death  from  gi-avitation  of  blood  before  coagulation.  Thus  a  coil  of 
intestine  hanging  down  in  the  cavity  of  the  pelvis  may  become  redder  than 
the  rest  of  the  gut,  and  may  be  wrongly  thought  to  be  inflamed. 

2.  Alteration  in  Size. — The  swelling  of  inflamed  tissues  is  due  to  the 
increased  afflux  of  blood  and  to  the  exudation  from  the  vessels. 

The  swelbng  varies  greatly  in  different  localities.  It  is  greatest  in  loose 
textures,  and  least  in  those  which  are  firm  and  dense.  Thus,  for  instance,  in 
inflammation  of  the  areolar  tissue  of  the  sci'otum,  the  sweUing  is  much  greater 
than  in  inflammation  of  tlie.  testis.  Inflammation  of  the  conjunctiva 
occasions  great  swelling,  that  of  the  sclerotic  but  little.  In  dense  hard 
structures,  such  as  bone  and  ligament,  there  is,  of  course,  very  little  swelling. 
If  inflammation  become  chronic,  the  swelling  may  terminate  in  permanent 
hypertrophy  or  thickeniug,  as  will  hereafter  be  described. 

SweUing  diminishes  in  most  cases  after  death,  by  the  emptying  of  the 
vessels,  but  never  completely  disappears,  and  is  consequently  an  important 
post-mortem  sign  of  inflammation. 

3.  Modification  of  Sensibility. — ^There  is  in  inflammation  always  more 
or  less  pain,  which  is  owing  partly  to  increased  sensibility  of  the  nerves,  j)Ossibly 
due  to  the  afflux  of  blood,  but  chiefly  to  the  pressure  and  stretching  exercised 
on  their  terminal  branches  by  the  dilated  blood-vessels,  and  by  the  inflamma- 
tory exudation. 

That  the  pressure  of  the  dilated  blood-vessels  really  is  a  cause  of  the  pain 
in  inflammation  is  shown  by  the  relief  derived  from  the  elevation  of  an 
inflamed  part.  In  inflammation  of  the  testicle  this  is  especially  marked,  as 
the  veins  leading  from  that  gland  are  valveless,  and  in  the  erect  position  the 
weight  of  a  column  of  blood,  two  feet  or  more  in  length,  acts  upon  the  vessels 
and  tends  to  increase  the  intra-vascular  pressure.  We  frequently  find,  there- 
fore, that  the  patient  is  altogether  free  from  pain  while  lying  flat  on  his  back  ; 
but  the  moment  he  rises  into  the  erect  position  the  characteristic  sickening, 
aching,  and  throbbing  sensations  return. 

In  inflammation  of  organs  of  special  sense,  instead  of  actual  pain  there  may 
be  some  alteration  in  the  special  nervous  sensibility  of  the  diseased  organ. 
"When  the  eye  is  inflamed,  subjective  flashes  of  light  may  be  seen  ;  when  the 
ear  is  diseased,  there  may  be  noises  of  various  kinds. 

In  inflammation  of  the  bladder,  there  is  a  constant  desire  to  expel  urine  ;  and 
in  inflammation  of  the  rectum,  there  are  frequent  attempts  at  defalcation. 

Pain  is  one  of  the  most  jirominent  symptoms  of  inflammation,  and  its 
existence  serves  a  useful  purpose  by  preventing  the  patient  from  using  or 
moving  the  inflamed  part.  The  intensity  of  the  pain  depends  more  upon  the 
structure  affected  than  on  the  \'iolence  of  the  inflammation,  being,  as  a  rule, 
gi'eater  in  proportion  as  the  tissue  affected  is  incapable  of  yielding  to  tl\e  pres- 
sure exercised  on  it  liy  the  dilated  vessels  and  the  inflammatory  exudation. 
Hence,  in  general,  the  severity  of  the  pain  is  in  the  inverse  ratio  of  the  swell- 
ing of  the  part.  Thus,  the  pain  of  inflamed  bone  or  fibrous  tissue  is  excessive  ; 
■that  of  areolar  tissue  trifling.    In  erysipelas  of  the  scalp,  most  pain  is  experir 
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enced  in  the  ears  ;  the  pain  of  an  inflamed  sclerotic  is  far  greater  than  that  of 
a  conjunctiva  similarly  aiJeeted.  In  some  forms  of  inflammation  pain  can 
scarcely  be  said  to  be  present,  though  the  disease  may  assume  the  most  destruc- 
tive form  ;  thus,  in  certain  inflammatory  aifections  of  the  throat  and  of  the 
peritoneum,  there  is  little  or  none. 

The  character  of  pain  varies  according  to  the  seat  of  inflammation.  When 
mucous  membranes  suft'er,  it  is  often  of  an  itching  or  Inu-ning  character,  as  in 
conjunctivitis  ;  when  the  serous  membranes  of  the  chest  or  abdomen  are  at- 
tacked, it  is  lancinating  or  stabbing  ;  aching  in  osteitis  ;  throbbing  when  pus 
IS  about  to  form  ;  sickening  when  the  testis  is  affected.  Inflammatory  pain 
is  always  increased  by  pressure  ;  when  it  is  produced  principally  by  pressure, 
the  part  is  said  to  be  tender.  This  tenderness  is  of  great  service  from  a  diagnos- 
tic point  of  view  ;  it  may  be  ehcited  by  direct  pressure  upon  the  part,  as  by 
squeezing  an  inflamed  testis,  or  by  pressing  .two  surfaces  together,  as  in  an 
inflamed  joint.  In  inflammatory  pain,  especially  of  osseous  and  fibrous  tissues, 
there  is  very  commonly  nocturnal  exacerbation. 

It  is  important  to  bear  in  mind  that  inflammatory  pain  is  often  seated  not 
merely  in  the  part  affected,  but  radiates  extensively  along  the  com-se  of  nerves, 
of  which  the  terminal  branches  are  implicated,  perhaps,  only  to  a  Umited 
extent.  Thus,  in  inflammation  of  the  testis  there  is  pain  in  the  loins  and 
groins.  In  deep-seated  ophthalmitis  there  may  be  exquisite  pain  along  the 
branches  of  the  fifth  nerve  over  the  whole  side  of  the  head  or  face,  in 
consequence  of  the  ciliary  branches  of  the  nasal,  which  are  distributed  to  the 
iris  and  choroid,  becoming  compressed  or  stretched. 

4,  The  Temperature  of  an  external  part  of  the  body  when  inflamed  rises 
above  its  normal  standard,  but  not  above  that  of  the  blood  in  the  left  ventricle. 
In  inflammation  of  internal  organs,  the  temperature  rises  only  as  the  general 
heat  of  the  body  is  elevated  by  the  inflammatory  fever.  John  Hunter  originally 
pointed  out  this  fact ;  he  found,  in  a  case  of  hydrocele,  that  a  thermometer 
inserted  into  the  tunica  vaginalis  stood  at  92°  P.  before  inflammation  had  been 
excited  in  the  sac,  and  at  98-75°  F,  after  it  had  been  set  up.  The  conclusion 
to  be  drawn  from  these  facts  is,  that  the  local  increase  of  temperature  in  inflam- 
mation, when  it  occurs,  is  due  to  the  floAV  of  a  larger  quantity  of  blood  through 
the  part  and  not  to  a  development  of  heat  in  the  part  itself,  dependent  on 
increased  tissue-change.  This  view  has  been  confirmed  by  the  most  recent 
observations,  carried  out  with  the  greatest  exactitude  by  the  thermo-electric 
apparatus.  The  opposite  view  has  been  maintained  by  J.  Simon,  0.  Weber  and 
others.  The  facts  that  a  thermo-electric  apparatus  has  been  found  necessary 
to  measure  the  variations  in  heat,  and  that  observera  of  the  greatest  eminence 
have  held  opposite  views,  are  sufficient  to  show  that,  even  supposing  heat  to  be 
developed  locally  in  inflammation,  it  cannot  be  in  sufficient  quantity  to  have 
a,ny  appreciable  effect  on  the  general  temperature  of  the  body  or  on  the  local 
processes  in  the  inflamed  part.  To  the  patient,  however,  there  appears  to  be 
a  real  rise  of  temperature — as  l^'avers  truly  remarks,  "  The  nerves  meiisnre 
the  sensation  and  not  the  degree  of  heat."  In  many  cases  the  sensation 
of  the  patient  is  that  of  burning  in  the  part,  although  the  actual  rise  in 
temperature  may  be  but  trifling.  This  is  owing  to  the  exalted  sensibihty  of 
the  nerves. 

5,  Modification  of  Function,  invariably  occurs  in  inflammation,  and 
furnishes  important  local  symptoms.    The  Fimdional  AcHvity  of  an  organ  is 
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decreased  or  abolished  duriug  acute  iuflammation.  As  acute  inflammation  is 
always  the  result  of  some  injurious  influence  which  lowers  the  vitality  of  the 
jilfected  part,  it  is  e\ddent  that  this  must  be  the  case.  The  condition  is 
exaggerated  in  some  cases  by  the  pain,  the  disordered  circulation,  and  the 
pressure  from  exudation.  An  inflamed  muscle  is  impaired  in  its  power  of 
contraction,  and  an  inflamed  gland  either  ceases  to  secrete  or  yields  a  secre- 
tion altered  in  composition  by  the  admixture  of  products  of  inflammation. 
The  natural  use  of  a  part  is  often  interfered  with  ;  thus  the  bladder  can 
contain  no  urine,  the  eye  can  bear  no  light,  nor  can  a  joint  be  moved,  when 
inflamed.  The  normal  processes  of  nutrition  are  either  modified  or  arrested  ; 
hence  softening,  degeneration,  or  even  death  of  the  afiected  tissues,  are  common 
accompaniments  of  iuflammation. 

Constitutional  Symptoms. — The  severity  of  the  constitutional  symptoms 
will  depend  on  the  intensity,  the  extent,  and  the  nature  of  the  inflammation, 
on  the  previous  state  of  the  patient's  health,  and  on  the  vital  importance  of 
the  part  affected.  Thus  a  moderate  degree  of  inflammation  in  a  part  of  no 
vital  importance,  as  the  skin,  and  occasioned  by  an  external  cause,  as  an 
abrasion,  gives  rise  to  no  appreciable  constitutional  disturbance  ;  but  if  the 
part  affected  be  of  great  importance,  as  the  larynx  or  the  kidney,  the  general 
.symptoms  are  proportionally  severe.  The  nature  of  the  inflammation  and  of 
its  cause  exerts  more  influence  than  any  other  condition  in  the  constitutional 
effects.  Simple  traumatic  inflammation  gives  rise  to  symptoms  of  slight 
severity  and  short  duration  ;  while  septic  and  infective  inflammations  may 
prove  fatal  by  the  disturbance  they  cause  in  the  system  rather  than  by  their 
local  effects. 

Inflammatory  or  Symptomatic  Fever. — The  constitutional  disturbance 
in  mflammation  always  assumes  the  form  of  fever.  Inflammatory  fever  is  a 
consequence  of  the  local  affection.  It  is  thus  clearly  distinguished  from  the 
so-called  essential  fevers,  in  which  the  febrile  condition  occurs  either  without 
any  local  inflammation  or  precedes  the  local  affection  by  a  distinct  interval,  as 
in  the  acute  specific  diseases.  The  one  essential  symptom  of  all  forms  of  fever 
is  elevation  of  the  temperature  of  the  body,  or  pyrexia ;  without  this,  fever 
cannot  be  said  to  be  present.  It  is  impossible  here  to  discuss  the  theories  as 
to  the  nature  of  fever,  but  the  following  facts  may  be  given  as  generally 
agreed  upon  and  common  to  all  forms  of  fever. 

In  fever  there  is  an  increased  production  of  heat,  not  merely  a  diminished 
loss.  The  actual  amount  of  heat  produced  may  or  may  not  be  greater  than 
might  occur  in  the  same  individual  in  health,  on  full  diet  and  in  active  exer- 
cise, but  it  is  always  out  of  proportion  to  the  conditions  under  which  the 
patient  is  placed  as  to  diet  and  exercise  during  the  febrile  state.  That  increased 
heat-production  takes  place  is  proved  by  the  evidence  of  excessive  tissue  change, 
such  as  the  disappearance  of  fat,  the  wasting  of  the  muscles,  the  increased  ex- 
cretion of  urea  and  carbonic  acid.  There  is  also  a  considerable  increase  in  the 
loss  of  water  by  the  lungs,  and  often  irom  the  skin.  In  some  cases,  such  as 
the  rigor  following  operations  on  the  genito-urinary  organs,  the  contraction  of 
the  cutaneous  vessels  may  act  as  (me  of  the  causes  of  the  elevation  of  tempera- 
ture by  diminishing  the  loss  of  heat  from  the  skin  ;  but  this  is  merely  an  acci- 
dental condition  and  not  an  essential  feature  of  fever,  for  experiments  on 
animals  have  shown  that  in  the  febrile  state  there  is,  as  a  rule,  an  increase  in 
the  amount  of  Iieat  given  off  from  the  body  as  measured  by  a  calorimeter. 
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The  increased  production  of  heat  takes  place  throughout  the  body,  being 
probably  most  active  in  the  muscles  and  f^landular  viscera.    It  is  certaiidy 
not  developed  to  any  apja-eciable  extent  in  the  inflamed  area,  for,  as  before- 
stated,  the  latest  observations  tend  to  prove  that  there  is  no  elevation  of 
temperature  beyond  that  of  the  blood  in  the  part  actually  inflamed  ;  and,  even 
supposing  that  these  observations  are  erroneous,  it  is  evident,  fi'om  the  difficulty 
in  detecting  it,  that  the  heat  developed  in  the  area  of  inflammation  mui5t  be- 
in  extremely  small  amount  and  quite  insuflicient  to  account  for  the  elevation 
of  the  temj^erature  of  the  whole  body  by  several  degrees.    The  fever  is  not 
caused  by  the  pain  usually  accompanying  inflammation  ;  for  experiments  have- 
shown  that  irritation  of  sensory  nerves  tends  rather  to  lower  the  temperatm-e 
by  causing  a  certain  degTce  of  shock. 

It  has  l)een  clearly  proved  by  experiment  that  fever  can  be  induced  by 
injecting  into  the  blood-stream  noxious  materials  of  various  kinds.  Substances, 
which,  when  thus  injected,  cause  fever  are  said  to  possess  ^'^ pyrugcnic  pro- 
perties."   Amongst  the  substances  possessing  marked  pyrogenic  properties  is. 
the  lymph  returning  from  an  inflamed  area,  charged,  as  it  is,  with  the  pro- 
ducts of  the  destructive  changes  which  are  going  on  in  the  part.    It  has  been 
before  stated  how  largely  the  flow  of  lymph  is  increased  dm-ing  acute  inflam- 
mation, ounces  returning  fi'om  the  diseased  part  where  drachms  retiu-n  from 
the  corresponding  sound  part.    It  is  evident,  therefore,  that  the  effect  pro- 
duced on  the  blood  during  inflammation  may  be  very  considerable,  and  will 
vary  with  the  extent  of  the  inflammation  and  the  amount  of  local  destructive- 
tissue-change  which  is  going  on.    One  substance,  which  must  frequently  bt 
present  in  considerable  quantities  in  the  lymph  returning  from  an  inflamed 
area,  viz.,  the  so-called  "fibrin-ferment,"  possesses  very  powerful  pyi'ogenic 
properties.    This,  it  will  be  remembered,  is  the  third  element  which  is  con- 
cerned in  the  formation  of  fibrin.    It  is  of  doubtfril  composition,  but  is 
supposed  to  be  yielded  up  by  the  white  corpuscles  which  become  disintegrated 
during  the  process  of  clotting  of  the  blood.    It  is  found  in  considerable 
excess  in  the  serum  which  can  be  squeezed  out  of  a  freshly  formed  coagulum  ? 
and  as  coagulation  of  an  inflammatory  exudation  is  the  same  process  as 
coagulation  of  the  blood,  it  may  be  reasonably  concluded  that  fibrin-ferment 
exists  in  considerable  amount  in  the  serous  fluid  that  di-ains  away  from  a 
surface  or  an  area  in  which  an  inflammatory  exudation  is  coagulating,  to  form 
the  so-called  "plastic  lymph."     Kohler,  Edelberg,  Birk,  and  others  have 
investigated  the  efiFects  of  the  injection  of  the  free  ferment  into  the  circula- 
tion of  living  animals,  and  have  found  that  in  very  large  doses  it  causes  rapid 
coagulation  of  the  blood  in  the  right  side  of  the  heart,  and  death.    In  smaller 
doses  it  gives  rise  to  a  febrile  disturbance  closely  resembling  that  jn-oduced  by 
the  injection  of  putrid  substances.    The  fever  Aaries  in  intensity  with  the 
quantity  of  the  ferment  injected  ;  and,  if  this  be  sufficiently  small,  the  animal 
recovers  without  serious  symptoms  after  an  elevation  of  temperature  of  short 
duration.    There  seems  no  reason  to  doubt  the  accuracy  of  these  observations. 
Large  numbers  of  white  corpuscles  are  believed  to  be  disintegrated  in  the 
process  of  coagulation,  either  of  pure  blood  or  of  an  iuflamjuatory  exudation. 
The  theory  of    ferment-poisonimi"  mny  thus,  in  ])art  at  least,  account  for  the 
fever  that'ahvays  accompanies  simple  inflannnatious  and  large  woimds,  even 
with  aseptic;  discharges,  and  that  occasionally  follows  extensive  extravasations 
of  blood.    Only  under  very  exceptional  circumstances  in  the  human  subject 
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could  the  dose  of  the  ferment  be  suflficient  to  cause  the  more  severe  symptoms, 
that  have  been  experimentally  produced  in  animals  ;  but  possibly  the  expla- 
nation of  some  cases  of  death  from  cardiac  thrombosis,  that  is  to  say,  ante- 
mortem  coagulation  of  the  blood  in  the  right  side  of  the  heart  and  the  pulmo- 
uary  artery,  may  be  found  in  the  presence  of  an  excess  of  free  fibrin-ferment. 
The  fever  produced  by  the  entrance  into  the  circulation  of  the  products  of 
healthy  inflammation  is  the  only  form  to  which  the  term  inflammatory  should 
be  properly  applied  ;  but  practically,  in  a  very  large  proportion  of  cases,  the- 
pure  inflammatory  fever  is  complicated  by  a  disturbance  resulting  from  the- 
sidmixture  of  the  products  of  putrefaction  or  of  specific  infective  processes, 
with  those  of  the  simple  inflammation.  In  fact  the  products  of  decomposition- 
are  amongst  the  most  powerful  of  all  pyrogenic  substances,  and  we  have- 
already  seen  that  locally  they  are  amongst  the  most  potent  causes  of  inflam- 
mation.  The  products  of  putrefaction  of  animal  substances  are  so  varied  and 
uncertain  in  their  chemical  composition  that  it  is  better  not  to  attempt  to 
specify  them.  This  much,  however,  may  be  said  to  be  proved,  that,  in  the- 
case  of  ordinary  putrefaction,  the  chemical  jiroducts,  and  not  the  microscopic: 
organisms  Avhicb  invariably  accompany  the  jirocess,  are  the  real  exciters  both- 
of  the  local  inflammation  and  of  the  febrile  disturbance.  The  organisms  of 
simple  putrefaction,  as  before  stated,  can  live  only  on  dead  matter  ;  and,  if" 
they  happen  to  enter  the  circulation,  they  speedily  perish,  uiilike  the  true- 
parasitic  or  pathogenic  organisms  Avhich  accompany  many  infective  ])rocesses. 
and  grow  and  flourish  in  the  living  tissues  or  blood.  The  effect  produced  by 
the  absorption  of  the  products  of  putrefaction  is,  therefore,  proportional  to  the- 
dose  ;  the  poison  has  no  power  of  multiplying  in  the  system,  and,  if  the  dose- 
be  nut  too  great,  it  is  speedily  eliminated  without  serious  consequences.  If 
the  dose  be  excessive,  it  gives  rise  to  a  train  of  symptoms  which  will  be- 
descril)ed  in  the  chapter  on  septictemia.  The  products  of  putrefaction  are- 
absorbed  with  great  readiness  fi-om  a  raw  surface  or  the  charred  surface  left 
by  a  burn  ;  but  it  is  said  that  the  ease  with  which  they  are  taken  up  is  greatlj 
diminished  by  the  application  of  some  chemical  caustics,  especially  chloride  of 
zinc.  Healthy  granulation-tissue  forms  an  efl&cient  barrier  to  absorption 
under  ordinary  conditions  (presumably  from  its  possessing  no  lymphatics)  ;• 
but  at  slight  degrees  of  pressure  the  pyrogenic  substance  passes  readily  through, 
it.  Thus  in  a  large  wound,  such  as  an  amputation,  if  there  is  perfect  drainage- 
and  no  decomposition,  the  febrile  disturbance  is  very  slight  and  of  brict 
duration,  ceasing  by  the  third  day  at  the  latest ;  if  there  is  decomposition  of 
the  discharges  the  fever  is  higher,  and  reaches  its  maximum  by  the  third  day,, 
subsiding  gi-adually  as  the  granulations  spring  up  and  form  a  harrier  against, 
further  absorption  ;  if  with  decomposition  there  is  insufiicient  drainage  and 
the  wound  be  of  sufficient  size,  the  patient  may  receive  such  a  dose  of  the- 
products  of  putrefaction  as  to  die  poisoned-  a  condition  which  will  be  further- 
described  in  the  chapter  on  septicaemia.  If,  after  the  granulations  hava 
sprung  up  and  fever  has  ceased,  an  accumulation  of  putrid  matter  takes  place- 
in  the  cavity  of  the  wound,  and  there  is  such  a  want  of  drainage  that  the  fluid 
18  pent  up  at  some  degree  of  pressure,  the  fever  and  local  iuflammation  wilJ 
return  ;  but  should  the  drainage  be  made  perfect,  they  will  again  cease.  It  is 
the  fever  due  to  these  two  causes— the  products  of  destructive  tissue-cliange- 
and  exudation  in  simple  inflammation,  and  the  pyrogenic  products  of  putre- 
taction  in  septic  inflammations— that  is  spoken  of  as  "  surgical  or  traumatia 
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fever."  Some  writers  are  inclined  to  limit  these  terms  to  .the  former  of  these 
conditions  as  being  a  fever  inseparable  fi-om  any  large  wound  or  injury,  even 
Avhen  subcutaneous,  and  to  employ  the  term  "  septic  fever "  for  the  latter  ; 
and  there  would  doubtless  be  great  advantage  in  so  doing. 

Fever  is  also  a  constant  accompaniment  of  acute  infective  inflammations  ; 
that  is  to  say,  of  those  conditions  in  which  a  virus  is  present  whicli  multiplies 
in  the  living  body,  either  locally,  as  in  true  spreading  or  infective  inflamma- 
tions, or  generally,  after  entering  the  blood  from  the  original  local  centre  of 
infection,  as  in  many  forms  of  septicaemia  and  in  pyajmia,  malignant  pustule, 
&c.  In  some  of  these  conditions  it  has  been  shown  that  an  essential  feature 
of  the  disease  is  the  presence  of  microscopic  organisms  of  a  specific  character 
which  have  the  power  of  growing  hke  true  parasites  in  the  living  body.  This 
condition,  however,  has  not  as  yet  by  any  means  been  proved  for  all  febrile 
infective  processes  ;  and  even  when  the  organism  seems  to  be  distinctly  the 
■cause  of  the  local  and  general  affection,  the  exact  way  in  which  it  produces 
fever  is  uncertain. 

Lastly,  the  nervous  system  must  play  an  important  part  in  the  process  of 
fever.  It  cannot  be  doubted  that  it  exerts  an  all-important  influence  in  the 
regulation  of  the  general  heat  of  the  body,  and  a  centre  has  been  supposed 
to  exist  above  the  meduUa  oblongata,  possibly  in  the  region  of  the  pons, 
which  controls  heat-production,  and  is  in  intimate  relation  with-  the  vaso- 
motor centre.  It  seems  difl&cult  in  any  other  way  to  account  for  the  extra- 
ordinarily high  temperatures  which  sometimes  occur  in  injuries  of  the  upper 
part  of  the  spine,  and  for  the  fever  that  is  always  met  with  dm'ing  reaction 
from  concussion  of  the  brain  or  shock  Two  theories  are,  therefore,  held  with 
regard  to  those  fevers  which  are  due  to  the  admixture  of  pyrogenic  substances 
with  the  blood  :  the  first  is  that  the  pyrogenic  substance  acts  directly  on  all 
the  tissues  of  the  body,  giving  rise  to  increased  tissue-change  .with  develop- 
ment of  heat ;  and  the  second  is  that  the  impure  blood  circulating  through 
the  brain  disturbs  the  heat-controlling  centre,  and  thus  indirectly  acts  on  the 
tissues. 

"We  are  yet  very  far  from  fully  miderstanding  the  exact  nature  of  fever ; 
but  what  we  do  know  is  of  immense  practical  value.  We  know  that  in  the 
vast  majority  of  cases  in  which  fever  forms  a  serious  feature  in  surgical 
practice,  it  is  due  to  the  entrance  into  the  circulation  of  noxious  materials 
generated  locally,  and  that  in  its  prevention  and  treatment  our  first  object 
must  be  to  arrest  the  formation  of  the  pyrogenic  material  by  local  means. 
For  example,  in  an  acute  abscess  a  fluid  containing  the  products  of  destruc- 
tive tissue-changes  is  pent  up  in  a  cavity  at  some  degree  of  pressure,  and  a 
•certain  proportion  of  the  pyrogenic  material  it  contains  is  constantly  finding 
its  way  into  the  circulation.  Open  tlie  abscess  and  cut  off  the  supply  and  the 
fever  at  once  subsides  ;  but  if  for  want  of  drainage,  tlie  cavity  fills  again  and 
its  contents  be  allowed  to  decompose,  the  fever  will  i-eturn,  and  this  time  more 
severely  than  before,  as  putrid  matter  is  more  powerfully  pyrogenic  than  the 
products  of  simple  inflammation  ;  open  up  the  cavity  and  drain  it,  and  again 
the  fever  will  subside  ;  but  possibly,  supposing  the  patient  to  be  exposed  to 
infection  in  an  unhealthy  and  overcrowded  hospital,  a  virus,  capable  of 
multiplying  in  the  surrounding  tissues,  and  perhaps  of  increasing,  like  a 
fennent,  in  the  blood  itself,  may  find  its  way  from  without  into  the  abscess 
cavity  and  thence  infect  the  whole  system.    Under  such  circumstances,  the 
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mere  local  treatment  will  no  longer  be  able  to  arrest  the  febrile  disturbance  ; 
and,  unless  the  patient  have  saiiicient  vitality  to  resist  its  effects,,  a  fatal 
result  must  follow. 

Symptoms  of  Fever  in  General.— Although  inflammatory  fever  or 
pyrexia  presents  clinically  many  varieties,  certain  symptoms  are  common  to 
all.  The  first  and  most  important  of  these  is  the  elevation  of  temperaiure,  as 
shown  by  the  thermometer.  AU  temperatures  above  99-5°  F.  must  be  considered 
as  indicating  fever.  The  fever  would  be  considered  slight  unless  the  ther- 
mometer rose  above  l()0-5°  P.  ;  up  to  about  102-5°  F.  it  would  be  considered 
moderate  ;  from  102-5°  F.  to  105-5°  F.,  it  would  be  spoken  of  as  high  fever, 
and  above  that  point  the  term  hyperpyrexia  would  be  applied  to  it.  Few 
patients  recover  from  any  febrile  condition  in  which  the  thermometer  rises 
above  107°  F. 

The  temperature  is  usually  taken  in  the  axiUa,  but  occasionally  the  mouth 
or  rectum  may  be  used  instead.  In  taking  the  temperature  in  the  mouth,  the 
bulb  of  the  thennometer  must  be  put  under  the  tongue  and  the  lips  kept 
firmly  closed  for  three  minutes.  In  the  mouth  and  rectum  the  temperatures 
registered  are  about  half  a  degree  higher  than  those  in  the  axilla.  The  tem- 
perature in  all  inflammatory  fevers  shows  the  morning  fall  and  evenino-  rise, 
common  to  nearly  all  febrile  conditions. 

Many  febrile  conditions  arising  in  surgical  practice,  especially  those  con- 
nected with  acute  suppuration  and  some  forms  of  blood-poisoning,  are  ushered 
m  by  chilliness,  sMverings,  or  a  rigor.    A  well  marked  rigor  coimnences  with  a 
sensation  of  cold,  accompanied  by  great  nervous  depression  and  anxiety,  often 
amounting  to  fear,  on  the  part  of  the  patient.    The  feeling  of  cold  is  so 
intense  that  the  patient  covers  himself  with  hot  clothing  and  shivers  beneath 
a  heap  of  blankets  till  his  teeth  chatter.    If  during  this,  the  cold,  stage  of  the 
rigor  the  temperature  be  taken  in  the  mouth,  it  wiU  be  found  to  be  greatly 
above  normal,  often  as  high  as  105°  F.    If  the  temperature  had  been  taken  ■ 
betore  the  rigor  commenced  it  would  have  been  found  that  the  rise  in  the 
thermometer  began  some  time  before  the  sensation  of  chilliness  set  in 
lJunng  the  cold  stage  the  face  is  pale  and  the  whole  surface  of  the  body  is 
more  or  less  blanched.    The  surface  temperature  of  the  extremities  is  not  raised 
and  may  be  subnormal.    This  is  due  to  the  contraction  of  the  arteries  of  the 
'  skm  which  IS  the  essential  feature  of  the  cold  stage  of  a  rigor.    The  bloodless 
condition  of  the  skm  thus  induced  is  the  cause  of  the  sensation  of  cold,  and 
Dy  limiting  the  loss  of  heat  from  the  surface  it  takes  some  part  in  producing 
the  rapid  elevation  of  temperature.    After  a  time  varying  from  ten  to  twenty 
minutes  or  even  more,  the  contraction  of  the  cutaneous  arteries  yields,  and 
a  con-espondmg  dilatation  follows.    The  surface  of  the  body  becomes  red,  the 
lace  ,s  Hushed,  the  skin  becomes  moist,  and  gradually  a  profuse  perspiration 
sets  m— sufficient,  m  many  cases,  to  soak  the  sheets  of  the  bed.    During  this 

'^'^^  Patient  feels  intensely  hot,  although  the 
thermometer  shows  that  the  temperature  is  rapidly  falling,  the  loss  of  heat 
an  h  '^''''P^'''''^'^'^       the  perspiration  being  necessai'ily  very  great.    In  half 

natipn?^  ceases  and  the  whole  rigor  is  over,  leaving  the 

patient  weak  and  exhausted. 

i«  1=  ^''''^'^  increased  freqwmcy  of  the  heart's  heat.  This 

of  Zll  '  P'tf  ^t'°^^'  to  the  elevation  of  the  temi.erature  a,nd  to  the  degree 
of  weakness  of  the  patient.    The  respiration  is  increased  in  frequency,  ustuy 
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in  the  same  proportion  as  the  pulse.    The  face  is  usually  flushed,  but  by  no 
means  always  so. 

Another  feature  common  to  all  forms  of  fever  is  emaciation  and  loss  of 
strength.  The  increased  production  of  heat  must,  in  the  light  of  modern 
science,  be  regarded  as  work,  and  consequently  during  febrile  disturbance  the 
patient  may  as  truly  be  expending  force  as  if  he  were  carrying  weights  or 
climbing  mountains.  At  the  same  time,  his  appetite  is  lessened  and  bis 
powers  of  digestion  and  assimilation  of  food  reduced.  The  rapid  exliaustion 
and  emaciation  of  many  fevers  is  not  therefore  to  be  wondered  at. 

Thirst  is  always  one  of  the  most  prominent  symptoms,  and  the  appetite  is 
diminished  or  lost.  In  almost  all  high  febrile  conditions  there  is  dryness  of 
the  shin  ;  for,  although  in  fever  there  is  an  increased  elimination  of  water,  this 
takes  place  chiefly  by  the  lungs.  The  mucous  membrane  of  the  abmentary 
canal  also  secretes  less  than  natural,  and  to  this  cause  are  due  the  dry  tongue, 
the  accumulations  on  the  teeth  and  lips  or  sordes,  and  the  mist ipaiion  so 
commonly  met  with  in  fever. 

In  all  febrile  conditions  there  is  a  feehng  of  lassitude  or  weariness,  and  a 
marked  disinclination  to  bodily  or  mental  exertion.  Headache  is  a  common 
symptom.  In  the  earher  stages  of  veiy  acute  febrile  disturbance,  there  may 
be  delirium  of  a  violent  form  :  in  the  later  stages,  when  the  strength  is 
becoming  exhausted,  wandering  or  muttering  dehrium  is  common.  The 
patient's  sleep  is  distm-bed,  he  is  restless  at  night,  and  delirium  is  more  often 
met  with  at  that  time  than  during  the  day. 

Fever  is  said  to  terminatehj  Lysis,  when  the  symptoms  gradually  subside; 
and  by  Crisis,  when  the  fall  of  temperature  is  sudden.  In  the  latter  case,  it 
is  otleu  accompanied  by  a  "  critical  evacuation;'  as  a  fi-ee  flow  of  mine  con- 
taining a  large  quantity  of  lithates,  a  profuse  perspu-ation,  or  a  watery  dis- 
charge from  the  bowels.  .  . 

Severe  fe\er  of  any  kind  always  leaves  the  patient  weak  and  anaemic,  m 
consequence  of  an  excessive  destruction  of  the  red  coi"puscles.  In  the  most 
extreme  forms  of  septic  fever,  this  takes  place  to  such  an  extent  that  the 
serum  becomes  stained  during  life  by  the  colouring  matter  of  the  disintegrating 

corpuscles.  . 

The  urine  in  all  febrile  conditions  is  scanty  and  high  colom-ed.  It  contains 
an  excess  of  urea  and  urates,  and  often  a  deficiency  of  chlorides.  Albumen  is 
frequently  met  with  in  all  forms  of  fever. 

The  Ijlood  in  inflammatory  fever  doubtless  undergoes  important  changes, 
but  their  exact  nature  is  still  imperfectly  understood.  In  the  days  when 
venesection  was  a  regular  part  of  the  treatment  of  eA  cry  febrile  condition 
much  attention  was  paid  to  the  blood  that  was  di-awn.  It  was  noticed  that 
in  many  acute  inflammatory  affections  the  blood  coagulates  slowly,  and— partly 
from  this  cause  and  partly  from  the  rapid  running  together  of  the  corpuscles 
.  into  dense  masses,  which  sink  quickly-an  upper  colourless  layer  of  coagulated 
fibrin  free  from  red  corpuscles  is  left  at  the  top  of  the  clot  when  it  is  allowed 
to  form  quietly  in  a  deep  vessel.  The  tough  layer  of  yellowish  hbrm  thus 
formed  received  the  name  of  the  "  huffy  coat.-  The  absence  of  corpuscles 
allows  the  contraction  in  the  colourless  part  of  the  clot  to  be  much  moE^ 
complete  than  elsewhere,  and  its  upper  surface  consequently  is  depressal  in  t  e 
centre,  being  «  cupped  "  as  it  is  termed.  The  "  buff  and  cup^  were  formei  y 
much  used  as  guides  in  estimating  the  intensity  of  the  inflammation  ;  it, 


VARIETIES  OF  FEVER. 


189 


has,  however,  been  showa  that  the  buff  may  occur  iu  other  conditions  of  the 
system,  as  in  plethora,  or  pregnancy,  or  after  exercise,  without  the  occurrence 
of  inflammation.  The  cupped  shape  of  the  clot  is  in  some  degree  dependent 
on  the  shape  of  the  vessel  into  which  the  blood  is  received,  being  most 
marked  when  it  is  deep. 

The  changes  that  occur  in  the  liquor  sanguinis  are  due  chiefly  to  the  ad- 
mixture therewith  of  the  products  of  inflammation  taken  up  from  the  affected 
part  by  the  lymphatics  and  blood-vessels  ;  and  it  is  evident  therefore  that  they 
mnst  vary  considerably  according  to  the  nature  and  intensity  of  the  local 
process.  If  the  inflammation  affects  some  important  organ,  the  function  of 
Avhich  is  to  take  part  in  the  preparation  of  the  blood,  or  to  eliminate  fi'om  it 
the  products  of  tissue-change,  its  composition  must  be  materially  altered  ;  but 
at  is  at  present  impossible  to  state  with  any  definiteness  or  accuracy  the  exact 
nature  of  the  changes  that  take  place.  In  simple  inflammations,  the  fluid 
■draining  away  from  the  inflamed  area  contains,  as  before  stated,  an  excess  of 
the  so-called  fibrin-ferment,  and  it  is  possibly  due  to  this  that  the  amount  of 
■coagulated  fibrin  which  can  be  obtained  from  a  given  quantity  of  blood  is 
increased  in  some  inflammatory  affections.  In  inflammations  accompanied  by 
putrefaction  of  the  discharges,  the  products  of  decomposition  are  added  to  the 
fluids  entering  the  circulation  by  means  of  the  lymph-stream,  and  with  these, 
microscopic  organisms  often  find  their  way  into  the  blood.  The  bacteria 
which  accompany  ordinary  putrefaction  soon  perish  in  healthy  blood,  being 
apparently  incapable  of  finding  nutriment  amongst  living  tissues.  In  true 
infective  inflammations,  the  inflammatory  products  which  enter  the  blood- 
stream may  in  some  cases  bear  with  them  organisms  capable  of  multiplying 
iimongst  the  living  tissue  and  giving  rise  to  secondary  local  mischief  or  fatal 
general  disease. 

The  corpLmles  of  the  blood  both  white  and  red  may  show  considerable 
deviation  from  the  normal  standard  in  number  during  inflammation.  There 
is  no  reason  to  believe  that  in  simple  inflammations  there  is  any  material 
change  in  the  number  of  red  corpuscles  ;  but  in  infective  inflammati(ms  with 
high  fever  and  in  those  accompanied  by  the  absorption  of  the  products  of 
putrefaction,  there  is  undoubtedly  a  rapid  destruction  of  the  red  corpuscles, 
so  that,  as  pointed  out  by  Wharton  Jones,  and  Simon,  they  fall  considerably 
below  the  normal  standard.    In  those  cases  they  often  show  a  tendency  to 
aggregation  in  irregular  clusters  instead  of  the  well  formed  rouleaux  seen  in 
normal  blood.    The  number  of  white  corpuscles  in  the  blood  during  inflamma- 
tion has  been  said  by  Virchow,  GruUiver,  and  others  to  be  increased.    T.  P. 
<rosthng  has  recently  made  a  series  of  observations  on  this  point  in  the 
wards  of  University  CoUegc  Hos]ntal.     The  corpuscles  were  counted  by 
means  of  fJowers's  hasmocytometer.    The  conclusions  arrived  at  were  briefly 
as  follow  :— The  white  corpuscles  are  increased  in  the  blood  in  all  inflamma- 
tions reaching  the  stage  of  suppm-ation,  especially  if  the  pus  is  pent  up  iu  a 
cavity  ;  they  are  also  slightly  increased  in  parenchymatous  inflammations 
such  as  acute  pneumonia.    They  are  not  increased  in  inflammations  accom- 
panied only  by  "  serous  or  sero-fibrinous  exudations."    According  to  Virchow 
the  increase  in  the  white  corpuscles  is  due  to  stimulation  of  the  lymphatic 
glands,  through  which  the  excessive  lymph-stream  passes  from  the  area  of 
inflammation. 

Varieties  of  Surgical  Fever. — Inflammatory  fever  presents  an  infinite 
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l)elow  normal  ;  the  skin  becomes  cold  and  clammy  ;  hiccuji,  subsultus  and 
"dyspnoea  supervene  ;  the  mutterinji,-  delirium  gives  way  to  insensibility  or  even 
to  coma,  and  death  occurs  from  exhaustion,  or  as  the  result  of  visceral 
oomplication.  It  is  this  condition  that  is  frequently  described  as  the  "  settiiij^ 
in  of  typhoid  symptoms." 

In  patients  whose  nervous  systems  have  been  shattered  by  intemperance,  or 
~vvho  have  been  exhausted  by  excessive  mental  work  or  excitement,  the  nervous 
•symptoms  that  accompany  the  febrile  disturbance  may  form  so  prominent  a 
feature  of  the  case  as  almost  to  justify  the  description  of  a  third  type,  as  has 
been  sometimes  done,  under  the  name  of  Irritative  Pever.  In  these  cases, 
if  the  fever  assume  the  sthenic  form  there  is  high  delirium,  often  of  a  furious 
Ivind,  with  wildness  of  the  eye,  flushed  face  and  heat  of  head.  More  often 
the  fever  is  from  the  first  of  the  asthenic  type,  especially  in  habitual  drunkards, 
ixv  whom  it  resembles  delirium  tremens  ;  there  is  the  same  tremor,  clammy 
perspiration  and  foul  tongue,  and  the  delu-ium  is  not  violent  but  busy  and 
muttering,  the  patient  being  restless  and  constantly  trying  to  get  out  of  bed  ; 
lie  is  sleepless,  and  unless  relief  be  obtained,  signs  of  debihty  rapidly  come,  and 
<death  takes  place  either  from  exliaustion  or  coma. 

TREATMENT    OF    ACUTE  INFLAMMATION, 

It  is  not  merely  interesting  but  practically  useful,  to  study  the  inflammatory 
process  pathologically  ;  for  when  we  have  to  deal  with  it  therapeutically,  the 
knowledge  we  have  obtained  of  its  causes  and  nature  in  the  dead-house  and 
in  the  pathological  laboratory  serves  to  some  extent  as  a  guide  to  treatment. 
•Still  our  knowledge  is  not  yet  sufficiently  perfect  for  theory  only  to  direct 
our  practice,  and  we  must  on  no  account  neglect  those  modes  of  treatment 
which  have  been  shown  by  experience  to  be  of  use. 

Before  describing  in  detail  the  means  adopted  in  surgical  practice  for  the 
prevention  and  cure  of  inflammation,  it  would  be  weU  briefly  to  ijoint  out  the 
indications  furnished  us  by  pathology. 

1.  Inflammation  is  the  result  of  an  injury  done  to  the  living  tissues,  of 
j.;ufiicient  severity  to  lower  the  vitality  of  the  affected  part,  but  uot  actually  to 
kill  it.  The  agents  that  act  in  this  way,  as  we  have  before  seen,  are  spoken  of 
in  surgical  language  as  irritants.  Our  first  object,  therefore,  in  the  prevention 
■of  inflammation,  is  to  protect  the  tissues  from  all  sources  of  irritation  and,  fail- 
ing this,  to  remove  the  oricjincU  irritant  as  quickly  as  possible,  and  to  prevent  thf 
introduction  of  fresh  causes  of  irritation. 

Under  this  head  are  included  :— the  removal  of  foreign  bodies  ;  the  avoid- 
•unce  of  irritating  applications  ;  the  prevention  of  tension,  by  drainage  of 
•wounds  and  suitable  position  of  injured  parts  ;  the  relief  of  tension,  sis  by 
«arly  opening  of  abscesses,  or  by  incisions  in  cellulitis,  to  allow  of  the  escape 
•of  inflammatory  exudation  ;  and  the  prevention  of  decomposition  in  the 
■discharges  of  wounds  and  abscesses,  and  the  exclusion  of  specific  infective 
poisons,  such  as  that  of  pyaemia,  erysipelas,  or  the  like. 

2.  All  irritants  lower  the  vitality  of  the  tissues  upon  which  they  act,  and 
df  of  sufiicient  intensity,  cause  death  of  the  part.  The  degi-ee  of  damage  done 
is  proportional,  first,  to  the  intensity  of  the  irritation,  and,  secondly,  to  the 
Titality  or,  in  other  words,  to  the  power  of  resistance  of  the  tissues.  In  the 
prevention  of  inflammation,  or  in  the  limitation  of  the  process,  our  first 
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object  must  be  to  do  eveiything  in  our  power,  both  by  general  and  local  means, 
to  promote  the  healthy  nutrition  of  the  tissues. 

Under  this  head  come : — attention  to  diet ;  avoidance  of  alcoholic  excess  ; 
regulation  of  the  action  of  the  bowels,  skin,  and  kidneys  ;  the  treatment  of. 
constitutional  conditions,  such  as  gout,  rheumatism,  and  syphilis.  Locally 
the  chief  objects  to  be  kept  in  view  are — to  preserve  a  normal  state  of  the, 
circulation  by  removing  causes  of  congestion,  or  local  antemia,  as  by  the 
excision  of  tumours  pressing  on  vessels,  the  cure  of  varicose  veins,  and  the 
relief  of  the  distended  capillaries  by  uniform  elastic  pressure ;  by  elevation  of 
the  part,  or  the  removal  of  strangulation  ;  to  maintain  a  normal  temperature  ; 
and  to  avoid  over-work  of  the  part,  as  in  excessive  use  of  the  eye  or  larynx. 

When  the  inflammatory  pi'ocess  is  established,  we  cannot  too  strongly  bear 
in  mind  that  the  vitality  of  the  part  is  lowered,  and  that  our  main  objects  are — 
to  avoid  further  depression,  which  might  extinguish  such  life  as  remains  ;  to 
encourage  the  return  of  vitality  by  the  maintenance  of  a  normal  temperature 
and  by  the  regulation  of  the  disturbed  circulation  by  such  means  as  we  have  at 
our  command ;  and  to  ensure  as  far  as  possible  both  functional  and  mechanical 
rest  of  the  inflamed  part. 

Inflamed  parts  are  less  able  to  withstand  the  efiFects  of  heat  and  cold,  of 
chemical  irritants,  or  mechanical  violence.  Thus,  the  application  of  cold  or 
of  powerful  antiseptic  solutions  (all  of  which  are  more  or  less  irritating),  or 
the  necessary  injury  of  a  surgical  operation,  may,  in  an  inflamed  part,  intensify 
the  process,  and  even  cause  sloughing. 

3.  The  essential  phenomena  of  inflammation  are  :  first,  the  dilatation  of 
the  arteries  with  increased  blood-pressure  in  the  area  supplied  by  the  dilated 
vessels  :  secondly,  the  exudation  through  their  damaged  walls,  which,  other, 
things  being  equal,  will  be  proportional  to  the  degree  of  intra- vascular 
pressure  ;  thirdly,  the  migration  of  the  white  corpuscles  ;  fourthly,  the. 
complete  arrest  of  the  circulation  by  stasis.  The  vascular  dilatation  and 
exudation  cause  the  inflammatory  swelling  and  give  rise  to  tension,  which, 
acting  as  a  fresh  source  of  irritation,  aggravates  the  inflammatory  process. 
One  of  the  primary  objects  in .  the  treatment  of  inflammation  is  therefore  to 
limit  the  exudation  hj  diminishing  the  Mood-pressure  and,  failinq  in  that,  to 
relieve  the  tension  it  gives  rise  to.  The  blood-pressure  may  be  limited,  first, 
by  general  means  acting  upon  the  heart,  as  aconite,  antimony,  and  general 
blood-letting  ;  and,  secondly,  by  diminishing  the  quantity  of  fluid  circulating 
in  the  body,  as  by  general  blood-lettingv  saline  purgatives,  or  low  diet.  The 
local  blood-pressure  may  be  diminished  by  causing  dilatation  of  the  vessels 
of  some  other  parts — as  of  the  intestines  by  pui'gatives  in  external  inflam- 
mations, or  of  the  skin  by  diaphoretics  in  internal  afFecfcions  ;  secondly,  by 
causing  contraction  of  the  vessels  supplying  the  inflamed  area  by  the  direct 
application  of  cold,  belladonna,  or  astringents,  or  by  applying  a  stimulus  at  a 
distance,  so  as  to  cause  a  reflex  contraction  of  the  vessels  of  the  diseased  part, 
as  in  counter-irritation  by  blisters  or  mustard  plasters  ;  thirdly,  by  causing  a 
uniform  dilatation  of  all  the  vessels  of  the  inflamed  part  and  its  immediate 
neighbourhood,  so  as  to  lessen  local  resistance,  as  in  the  application  of  heat ; 
and,  fourthly,  by  elevation  of  the  aflected  part  of  the  body,  by  which  the 
return  of  blood  from  the  part  is  favoured,  and,  as  has  been  shown  by  Lister,  a 
certain  degree  of  arterial  contraction  induced.  Direct  pressure  on  the  main  , 
a,rtery  of  the  limb  would  also  come  under  this  heading.    When  exudation  is 
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taking  place,  elevation  of  the  limb  favours  its  return  by  the  lympliatics,  and  so 
lessens  swelling.  Should  the  part  become  so  much  distended  as  to  threaten 
gangrene  from  pressure  on  the  vessels,  tlic  exudation  may  be  allowed  to  escape 
directly  by  incisions,  punctures  or  scarifications.  The  migration  of  the 
corpuscles  is  limited  by  cold,  which  arrests  their  amoeboid  movements,  and 
by  all  means  which  diminish  blood-pressure.  Heat  favours  their  migration, 
and  also  encourages  their  moving  out  of  the  inflamed  area  into  the  lymphatics 
in  cases  in  which  resolution  is  taking  place.  It  is  only  the  return  of  %ntality 
in  the  walls  of  the  ^'essels,  however,  that  can  completely  arrest  the  process  of 
migration. 

The  tendency  to  inflammatory  congestion,  that  is  to  say,  choking  of  the 
distended  vessels  with  scarcely  moving  blood,  can  be  relieved  in  some  cases  Ijy 
drawing  blood  directly  from  the  part  by  scarification  or  puncture,  or  the  force 
of  the  heart's  action  may  be  stimulated  by  the  administration  of  alcohol  in 
order  to  diive  the  blood  past  the  obstruction.  Stasis  can  be  relieved  only  by 
the  general  means  above  mentioned  for  favouring  the  return  of  vitality  in  the 
inflamed  area. 

4.  Pain,  which  forms  so  prominent  a  symptom  in  many  inflammations,  will 
be  reheved  locally  by  those  means,  already  mentioned,  which  tend  to  diminish 
tension  ;  but  in  addition,  local  sedatives — as  belladonna,  opium,  or  subacetate  of 
lead, — are  often  of  much  use.    If  these  fail,  sedatives  must  be  given  internally. 

6.  Lastly,  the  treatment  of  inflammation  includes  that  of  the  febrile  dis- 
iuriame  that  accompanies  it.  This,  as  we  have  seen,  may  be  due  chiefly  if 
not  entirely  to  the  admixture  with  the  blood  of  the  exudation  returning  from 
the  inflamed  part  by  the  lymphatics  ;  in  such  cases  the  means  adopted  to 
Ihnit  the  exudation,  or  to  drain  it  away  externally,  as  in  a  wound,  will  hmit 
the  fever  ;  in  other  cases  the  stream  of  lymph  bears  with  it  the  chemical  pro- 
ducts of  decomposing  matter  from  the  inflamed  area,  and  thus  acquires  an 
additional  power  of  causing  fever  ;  this  can  be  prevented  only  by  proper 
antiseptic  precautions,  or  by  draining  off  the  exudation  externally.  In  specific 
infective  inflammations  the  fever  may  be  due  to  contamination  of  the  blood 
by  the  presence  of  some  poison  multiplying  in  it,  as  in  septicemia  (septic 
infection),  pyemia,  or  malignant  pustule.  At  present  we  are  not  acquainted 
with  any  means  of  definitely  destroying  the  poison  in  such  cases  ;  we  can  only 
support  the  patient  in  every  way  in  our  power,  by  food  and  careful  nursing, 
so  as  to  enable  him  to  withstand  its  evil  influence.  In  those  cases  in  which 
the  nervous  symptoms  of  fever  are  predominant,  sedatives  must  be  ad- 
ministered internally.  Lastly,  certain  drugs  are  used  empirically,  from  their 
known  power  of  reducing  the  temperature  in  fever,  amongst  the  most  im- 
portant of  these  being  alcohol,  quinine,  salicylate  of  soda,  and  aconite.  The 
application  of  cold  generally  to  the  body  by  baths  or  wet  packing,  or  locally  to 
the  head  by  an  ice-cap,  as  recommended  by  Knowsley  Thornton,  useful  as 
they  undoubtedly  are  in  cases  of  very  high  fever,  are  but  empirical  modes  of 
treatment,  as  they  attack  one  symptom  only,  leaving  the  cause  untouched. 
iSTo  Surgeon  should  rely  solely  on  these  unless  it  is  beyond  his  power  to 
discover,  or  to  remove,  the  cause  of  the  fever. 

The  above  princi]ile8  serving  more  or  less  as  our  guides,  we  can  now  con- 
sider more  in  detail  their  practical  application  in  the  treatment  of  acute 
inflammation. 

The  PiiEVENTiVE  Teeatment  of  inflammation  can  be  employed  only  w 
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cases  of  injury.  All  injuries  of  any  severity — as  cuts,  bruises,  sprains,  or 
fractures — must  necessarily  be  followed  by  a  certain  degree  of  inflammation  ; 
but  this  simple  traumatic  inflammation  has  no  tendency  to  spread  beyond  the 
area  injured,  which,  in  the  case  of  a  clean-cut  wound,  is  little  more  than  a 
microscopic  layer  of  tissue  ;  nor  does  it  tend  to  pass  beyond  the  stage  of  simple 
exudation  into  that  of  suppuration  or  ulceration,  unless  some  furtlaer  cause  of 
irritation  come  into  play  after  the  injury.  When  we  talk,  therefore,  of  the 
prevention  of  inflammation,  we  do  not  mean  the  prevention  of  the  simple 
adhesive  inflammation  which  follows  an  injury,  for  that  is  impossible  ;  but  we 
mean  the  exclusion  of  all  sources  of  irritation  which  could  intensify  or  prolong 
the  process  or  make  it  assume  a  spreading  form. 

While  describing  the  causes  of  inflammation  it  was  pointed  out  that  in  all 
surgical  injuries,  the  irritants  we  have  chiefly  to  guard  against  are  the  produces 
of  putrefaction  and  the  specific  poisons  of  the  various  infective  inflammations. 
It  was  also  shown  that  the  essential  cause  of  putrefaction  is  an  organised 
ferment — a  microscopic  fungus,  and  that  the  actual  virus  of  many  infective 
inflammations,  and  possibly  of  all,  is  of  the  same  nature.  The  exclusion  of 
these  organisms  from  the  injured  area  forms,  therefore,  the  most  essential  part 
•of  the  preventive  treatment  of  inflammation.  The  simple  non-pathogenic,  or 
septic  organisms,  cannot  live,  so  far  as  is  known,  in  the  blood-stream,  but  find 
their  way  to  the  injured  part  directly  from  without,  being  carried  to  it  either 
ty  the  air,  or  in  water,  or  on  sohd  bodies,  such  as  the  instrument  inflicting  the 
■wound,  or  the  Surgeon's  hands.  On  the  other  hand  there  is  strong  reason  to 
l)elieve  that  some  pathogenic  organisms  may  enter  by  the  lungs  or  alimentary 
•canal  and  be  carried  by  the  blood-stream  to  the  injured  part,  although, 
•doubtless,  they  far  more  commonly  enter  an  open  wound  directly  from  without 
in  the  same  way  as  the  non-pathogenic  organisms.  Local  means  calculated  to 
exclude  or  destroy  these  organisms  will  prevent  putrefaction  almost  with 
certainty.  The  same  means  wiU  also  prevent  the  great  majority  of  infective 
inflammations.  The  association  of  putrefaction  with  the  specific  infective 
inflammations  is  so  close  that  the  two  subjects  cannot  be  dealt  with  separately 
in  so  far  as  local  treatment  is  concerned,  and  here,  therefore,  we  need  deal 
iDnly  with  the  prevention  of  putrefaction. 

The  prevention  of  putrefaction  may  be  carried  out  by  the  exclusion  of 
any  one  of  the  essential  conditions  for  the  process  (p.  166).  The  first  of  these 
is  the  presence  of  dead  organic  matter.  It  is  our  object,  therefore,  by  drainage 
•of  wounds  and  abscesses,  either  entirely  to  remove  the  putrescible  matter  or  to 
reduce  it  to  so  small  a  quantity  that  the  eff'ects  of  its  putrefaction  will  be 
insignificant.  The  next  three  conditions,  the  presence  of  oxygen,  water,  and 
^  certain  degree  of  temperature,  cannot  be  excluded  from  any  abscess,  wound, 
■■or  cavity  of  the  body ;  but  the  discharges  flowing  from  these  may  be  either 
received  in  some  absorbent  material  or  allowed  to  dry  in  the  air,  and  thus 
their  decomposition  may  be  prevented  ;  and  it  will  be  seen,  in  the  treatment 
pf  wounds,  that  these  methods  are  sometimes  adopted.  The  last  condition  of 
putrefaction  is  the  presence  of  the  organised  ferment ;  and  the  destruction  or 
«xclnsion  of  this  forms  the  essential  feature  of  those  modes  of  treating  wounds, 
abscesses,  or  ulcers,  which  aim  at  the  prevention  of  the  inflammation  which 
results  from  the  irritation  of  the  chemical  products  of  putrefaction.  The 
^imijlcst  mode  of  exclusion  of  the  organisms  floating  in  the  air  is  by  fillration. 
It  has  been  shown  by  experiment  that  the  air  filtered  through  pure  cotton-wool* 

o  2 


196        LOCAL    DISTURBANCE!^   AND  INFLAMMATION. 


is  incapable  of  giving  rise  to  putrefaction  ov  other  fermentative  changes  ;  but 
this  mode  of  preventing  decomposition  and  infection,  although  often  forming 
an  accessory  to  other  means,  can  scarcely  ever  be  employed  alone  in  surgery. 
Septic  organisms  are  much  more  commonly  carried  by  water  or  by  solid 
bodies,  as  the  Surgeon's  hands  or  instruments,  and  consequently  our  chief 
reliance  has  to  be  placed  on  chemkal  antiseptics — that  is  to  say,  on  chemical 
substances  capable  of  destroying  the  vitality  of  minute  vegetable  fungi.  It 
must  not  be  forgotten,  however,  that  all  chemical  antiseptics  are  in  themselves 
irritants  :  and  in  using  them  care  must  be  taken  to  protect  the  tissues  as  far 
as  possible  from  their  direct  action,  otherwise  they  may  act  as  causes  of 
inflammation  although  preventing  putrefaction.  As  we  shall  have  frequently 
to  refer  to  the  use  of  antiseptics  in  the  treatment  of  abscesses,  ulcers,  and 
wounds,  it  will  be  most  convenient  here  to  mention  the  chief  substances  at 
present  employed,  with  their  properties  and  peculiarities.  Antiseptics  vary 
much  in  their  power,  in  the  irritation  they  give  rise  to,  and  in  their  effects 
if  absorbed  ;  these  points  will  therefore  be  alluded  to. 

It  may  be  stated  that  no  antiseptic  vapour,  of  which  any  practical  use  can 
be  made  in  surgery,  has  as  yet  been  discovered. 

Carbolic  Acid  is,  perhaps,  still  the  most  extensively  used  of  all  anti- 
septics, though  by  no  means  the  most  powerful.    In  surgery  the  purest  acid 
only  should  be  used,  the  form  known  as  absolute  phenol  being  perhaps  the  least 
objectionable  in  its  smell.    The  impure  form  of  the  acid,  such  as  is  used  for 
disinfecting  di-ains,  is  more  difficult  of  solution  in  water,  and  its  smell  is  very 
offensive.    The  pure  crystallised  acid  may  be  made  permanently  to  assume 
the  form  of  a  dense  oily  liquid  by  the  addition  of  about        of  its  bulk  of  water, 
but  true  solution  does  not  take  place  till  the  proportion  of  water  is  about 
1 9  to  1  of  the  acid,  thus  forming  the  1  in  20  solution.    The  efficient  strength  of 
the  watery  solution  as  an  antiseptic  is  about  1  in  50,  below  which  it  must  not 
be  reduced.    Carbolic  acid  is  readily  soluble  in  oil  or  glycerine  in  any  pro- 
portion up  to  equal  parts.    The  preparations  used  in  surgery  are  : — Watery 
solutions,  1  in  20  and  1  in  40.    The  former  is  applied  only  to  foul  wounds  for  the 
purpose  of  cleaning  them,  to  wounds  which  have  been  exposed  to  the  air  for 
some  time,  and  to  the  unbroken  skin  round  the  region  in  which  an  operation  is 
to  be  performed  ;  the  latter  is  used  to  wash  the  operator's  hauds^  and  the 
sponges,  and  all  instruments  used  during  the  operation,  and  to  irrigate  the 
wound  during  the  performance  or  to  wash  it  out  at  the  end  before  closing  it. 
The  1  in  20  solution  is  used  for  the  spray,  as  Avill  hereafter  be  described.  Bo!;h 
the  1  in  20  and  1  in  40  solutions  whiten  any  raw  surface  to  which  they  may 
be  applied,  but  their  action  is  very  superficial  and  does  not  interfere  with 
primary  union  of  a  wound.    At  the  moment  of  application  they  cause  severe 
smarting,  but  this  is  soon  followed  by  relief  from  all  pain  and  a  sensation  of 
numbness.    Oitu  solutions  act  much  less  powerfully  than  the  watery.  For 
preserving  catgut  ligatures  a  solution  of  1  in  5  must  be  used.  In  the  strength 
of  1  in  10  it  may  be  applied  on  lint  to  a  wound  as  an  antiseptic  dressing,  but 
it  loses  its  acid  rather  quickly,  especially  if  there  is  mucli  discharge,  and  con- 
sequently must  be  renewed  at  least  twice  or  three  times  a  day.  Gh/ccriM 
solutions.  The  pharmacopoeial  solutioii  of  1  in  5— one  part  of  carbolic  acid  to 
four  of  glycerine— is  too  strong  for  apiilication  to  a  raw  surface,  but  may  be 
used  on  the  unbroken  skin  ;  for  wouTids  the  solution  may  be  reduced  to  1  in  10 
by  the  addition  of  an  equal  quantity  of  water  or  glycerine.    If  used  as  an 
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antiseptic  dressing  it  must  be  chang-ed  frequently,  as  it  is  readily  washed  out 
of  lint  by  the  discharge.    Garlolic  gauze.  This  is  a  coarse  gauze  impregnated 

.  with  carboh'c  acid  dissolved  in  a  mixture  of  paraffin  and  resin.  It  contains 
about  ^th  part  of  carbolic  acid.  It  forms  an  absorbent  dressing,  and  possesses 
the  great  advantage  of  yielding  up  its  carbolic  acid  slowly,  and  thus  retaining 
its  antiseptic  properties  for  a  long  time.  Cariolised  coiton-ivool  and  tow  have 
also  been  used,  but  are  somewhat  ineificient  preparations. 

Carbolic  acid  may  act  injuriously  both  locally  and  generally.  If  the  solution 
be  not  properly  prepared,  small  globules  of  the  undissolved  acid  may  be 
floating  in  it  which  Avill  cauterise  both  the  patient's  tissues  and  the  Burgeon's 
hands.  To  avoid  this  it  is  better  always  carefully  to  measure  the  acid  and  to 
prepare  the  solutions  some  hours  before  they  are  used.  If  the  solution  is 
prepared  immediately  before  use  it  must  be  well  stirred  ;  and,  if  it  is  not 
required  to  be  cold,  warm  water  may  be  used  to  ensure  perfect  solution. 

Carbolic  acid  is,  even  in  the  strength  of  1  to  40,  an  in-itant  to  the  living 
tissues ;  when  applied  to  a  w(Hmd  it  exaggerates  the  serous  discharge  for  the 
first  twenty-four  hours,  and  consequently  increases  the  necessity  for  good 
drainage.  In  using  it  as  a  dressing  the  object  of  the  Sm-geon  must  be  to 
prevent  direct  contact  of  the  acid  with  the  raw  surface  as  far  as  possible  after 
the  wound  has  been  once  washed  out ;  otherwise  it  may  give  rise  to  suppura- 
tion. In  washing  out  a  wound  also  it  is  important  to  take  care  that  the  lotion 
used  escapes  freely.  If  it  remains  in  hollows  and  cavities  of  the  wound  its 
absolution  may  cause  symptoms  of  poisoning  ;  and  if  it  l)e  forced  into  the 
spaces  of  the  areolar  tissue,  not  only  may  constitutional  symptoms  appear, 
but  considerable  local  inflammation  may  supervene.  In  some  patients  the 
skin  is  singularly  intolerant  of  the  acid,  and  the  gauze  may  cause  even  vesica- 
tion. Its  use  must  then  be  abandoned,  and  some  other  antiseptic  agent 
employed  in  its  place. 

Carbolic  acid  cannot  be  applied  either  to  the  unbroken  skin  or  to  a  raw 

■  surface  without  a  certain  quantity  being  absorbed.  As  a  rule  this  gives  rise 
to  no  unpleasant  symptoms  ;  but,  if  the  surfaces  be  very  large  or  the  patient  be 
peculiarly  intolerant  of  the  acid,  symptoms  of  carbolic  poisoning  may  arise. 
In  every  case  in  which  a  carbolic  acid  dressing  of  any  kind  is  apphed,  it  or  its 
derivatives  can  be  detected  in  the  urine  by  proper  tests  ;  and  if  a  surface  of 
any  size  is  covered  by  the  dressing  or  a  large  wound  is  washed  out  with  the 
lotion,  the  urine  frequently  undergoes  a  marked  change.  In  the  mildest  cases 
it  is  passed  clear,  but  after  standing  for  some  time  gradually  assumes  an  olive- 
^reen  tint ;  in  the  more  severe  cases  it  is  passed  dark  in  colour,  and  on  stand- 
ing becomes  almost  black.  If  no  other  symptoms  are  present  this  need  give 
rise  to  no  anxiety.  In  cases  in  which  the  graver  symptoms  of  poisoning  are 
present,  the  sulphates  disappear  completely  from  the  urine.  The  most  marked 
feature  of  carbolic  acid  poisoning  by  absorption  from  a  wound  is  severe  and 
uncontrollable  vomiting  ;  if  the  dose  has  been  very  large,  collapse  speedily 
sets  in,  with  insensibility  of  the  pupil,  twitching  ol"  the  muscles,  a  rapid  feeble 
pnlse,  and  a  subnormal  temperature.  Albumen  is  said  to  appear  in  the  urine. 
In  other  cases  elevation  of  temperature  has  been  noted,  with  vomiting  followed 
by  inseiisil)ility  and  death.  With  the  exception  of  a  few  recorded  cases,  whi(!h 
must  be  attributed  to  an  idiosyncrasy  on  the  part  of  the  patient,  dangerous 
symptoms  have  only  occuiTed  when  the  carbolic  lotion  has  found  its  way  into 
some  cavity  as  the  rectum,  peritoneum  or  pleura,  or  when  large  abscess-cavities 
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have  been  washed  out  with  the  lotion,  or  when  it  has  been  forced  into  the 
spaces  of  the  areolar  tissue  in  attempts  to  disinfect  deep  wounds  or  com- 
pound fractures.  The  treatment  consists  in  immediately  removing  all  carbolic 
acid  dressings  and  substituting  some  other  antiseptic.  The  patient  must  be 
supported  by  stimulants,  especially  hypodermic  injections  of  ether;  and 
friction  of  the  surface  should  be  employed.  Ice  may  be  given  to  allay  the 
vomiting.  Baumann  has  recommended  the  administration  of  sulphate  of  soda 
in  small  doses  frequently  repeated,  with  the  hope  of  converting  the  carbolic 
acid  into  the  non-poisonous  sulpho-carbolate.  This  treatment  was  suggested 
by  the  disappearance  of  the  sulphates  from  the  ui-ine,  which  is  possibly  due  to 
then-  having  been  consumed  in  that  way  ;  the  graver  symptoms  supervening 
when  they  are  exhausted  and  free  carbolic  acid  becomes  present  in  the  blood. 
The  drug  can  do  no  harm  and  should  always  be  tried. 

Carbolic  acid  has  now  been  more  than  twenty  years  before  the  profession  as- 
,an  antiseptic,  and  has  derived  great  importance  from  being  the  agent  first 
selected  by  Lister  for  his  antiseptic  system  of  treating  wounds.  In  spite  of  the 
eiforfcs  of  Lister  himself  and  other  Surgeons  to  find  some  substitute  which 
shall  be  free  from  the  inconveniences  attending  the  use  of  carbolic  acid,, 
it  still  holds  its  place  as  one  of  the  most  generaUy  useful  and  efficient  of  all 
antiseptics.  It  has  no  injurious  effect  on  steel,  and  consequently  it  is  used 
for  disinfecting  surgical  instruments  even  by  those  Surgeons  who  employ 
some  other  substance  for  cleaning  their  hands  and  washing  out  or  irrigatmg 
wounds. 

Salicylic  Acid  is  a  derivative  of  carbolic  acid,  and  is  largely  used  as  an 
antiseptic.  It  possesses  no  toxic  properties,  and  in  this  respect  presents- 
advantages  over  carbolic  acid.  It  is  sparingly  soluble  in  water,  requii'ing  at 
least  300  parts  of  cold  water  to  dissolve  it,  and  is  in  this  form  a  less  certain 
antiseptic,  though  less  irritating,  than  carbohc  acid.  The  preparations  used  in 
sm-gery  are  salicylic  wool,  salicylic  jute,  and  salicylic  silk.  The  jute  is  recom- 
mended  by  Thiersch  as  being  more  absorbent  ;  the  silk  is  prepared  from 
refuse  material,  and  was  introduced  by  McGill  of  Leeds  ;  it  is  very  absorbent 
and  elastic.  All  these  preparations  contain  a  proportion  of  the  acid  varying 
from  .3  to  10  per  cent.  They  should  be  moistened  with  a  Httle  glycerin& 
to  prevent  the  dust  of  the  acid  from  flying  about  when  they  are  used,  as  it 
causes  violent  sneezing.  Salicylic  acid  in  solution  should  not  be  used  for 
instruments,  as  it  corrodes  them  quickly. 

Perchloride  of  Mercury.— During  the  last  few  years  corrosive  sub- 
limate has  come  extensively  into  use  as  an  antiseptic  in  sm-gical  practice. 
Attention  was  first  directed  to  it  by  Koch,  who  showed  that  in  the  extreme 
dilution  of  1  in  20,000,  it  was  capable  of  killing,  in  ten  minutes,  the  spores  of 
the  hacillm  anthracis,  one  of  the  most  resisting  of  all  known  organisms.  The 
results  of  these  experiments  cannot,  however,  be  applied  without  modification 
to  the  prevention  of  decomposition  in  albuminous  fluids,  for  corrosive  sub- 
limate forms  with  albumen  a  compound  knoA\Ti  as  "  mercuric  albuminate, 
which  although  not  inert,  possesses  far  less  active  antiseptic  properties  than 
the  watery  solution.  Thus,  Mikulicz  found  that  the  addition  of  one  part  of 
corrosive  sublimate  to  2,000  parts  of  a  mixture  of  equal  parts  of  blood  and 
water  entirely  failed  to  retard  putrefaction  and  the  development  of  hactena; 
when  added  in  the  proportion  of  1  in  ],000  these  processes  were  retarded,  but 
not  prevented,  audit  was  not  till  the  proportion  of  1  in  400  was  reached  that 
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decomposition  and  the  development  of  bacteria  were  completely  excluded. 
From  these  observations  it  is  evident  that  the  addition  of  perchloride  of 
mercury  to  water  in  the  proportion  of  1  to  5,000  will  certainly  destroy  every 
living  organism  in  it.  Such  a  solution  may  therefore  be  used  to  Avash  fresh 
wounds  without  any  fear  of  infecting  them  either  with  septic  or  pathogenic 
organisms.  A  watery  solution  of  this  strength  would,  however,  be  quite 
inefficient  as  an  antiseptic  should  it  become  mixed  with  any  albuminous  fluid, 
and  consequently  it  is  safer  to  use  a  solution  of  1  in  2,000,  or  1  in  1000,  for 
irrigating  wounds  during  an  operation,  and  the  same  strength  is  employed  for 
cleaning  the  Surgeon's  hands  and  for  washing  sponges.  A  solution  of  1  in 
500  may  with  safety  be  used  to  clean  a  foul  abscess,  but  it  must  be 
applied  with  a  sponge  and  the  cavity  afterwards  dried  with  another 
sponge  squeezed  as  dry  as  possible.  For  cleaning  unbroken  skin  1 '  in 
500  may  be  used  with  impunity.  Solutions  of  corrosive  sublimate  prepared 
with  ordinary  water,  deposit,  after  some  time,  an  insoluble  precipitate  contain- 
ing a  considerable  proportion  of  the  mercury,  amounting  to  more  than  fifty 
per  cent,  of  that  present  if  the  water  be  very  hard.  If  the  solution  is  to  be 
kept  for  any  time,  it  is  therefore  usually  recommended  to  prepare  it  with  distilled 
water.  Angerer  of  Munich  has,  however,  shown  that  the  precipitation  may 
be  prevented  by  the  addition  of  an  equal  quantity  of  common  salt  to  the 
perchloride.  He  recommends  that  the  salt  and  subhmate  should  be  fused 
together  into  small  cakes  containing  enough  to  make  a  definite  quantity,  as  a 
quart  or  more  of  the  1  in  1,000  solution.  In  this  form  the  antiseptic  can  be 
readily  carried  in  military  surgery. 

Another  convenient  mode  of  preparing  the  1  in  1000  solution  is  the  follow- 
ing : — take  2  parts  (by  weight)  of  corrosive  sublimate,  and  add  it  to  3  parts 
(by  weight)  of  glycerine,  put  it  in  a  warm  place,  and  shake  it  occasionally  till 
solution  is  complete.  One  fluid-drachm  of  this,  added  to  four  parts  of  water, 
makes  a  solution  of  1  in  1000. 

In  preparing  di'essings  to  absorb  the  discharges  of  wounds  or  abscesses  a 
larger  proportion  of  subhmate  must  be  added,  for  the  reasons  above  given  ; 
the  proportion  most  commonly  adopted  being  about  \  per  cent,  of  the  weight 
of  the  material  used.  For  instance,  to  prepare  gauze  or  wool,  a  solution  is 
made  containing  1  part  of  perchloride  of  mercury,  450  of  water,  and  50  of 
glycerine.  The  wool  or  gauze  is  soaked  in  this  for  a  few  minutes,  and  then 
squeezed  as  dry  as  possible  in  a  wringing-machiue.  It  is  next  hung  up  to 
dry  as  far  as  the  glycerine  will  permit,  and  is  then  ready  for  use.  Jute, 
sphagnum  moss,  peat,  sawdust,  ashes,  sand,  and  a  variety  of  other  absorbent 
substances  may  be  prepared  by  being  soaked  in  a  1  in  600  solution  and  dried. 
Small  pads  or  cushions  may  be  prepared  by  filling  bags  made  of  the  gauze 
with  any  of  the  above  materials.  When  applied  as  dressings,  they  are  secured, 
by  bandages  prepared  in  the  same  way.  Bruns  introduced  a  material  made 
by  gi-inding  pine-wood,  and  known  as  "  wood-wool,"  which  from  its  softness, 
elasticity,  and  power  of  absorption,  makes  an  excellent  dressing  when  prepared 
as  above  described. 

Corrosive  sublimate  has  proved  a  most  efficient,  useful,  and  economical 
antise])tic,  but  like  all  others  it  has  its  draAvbacks.  Amongst  its  advantages, 
especially  in  military  practice,  must  be  included  the  concentrated  form  in 
which  it  can  be  carried,  and  the  ease  with  which  almost  any  absorbent  sub- 
stance can  be  Impregnated  with  it  without  the  employment  of  any  special 
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apparatus.  Like  all  other  powerful  antiseptics,  however,  ib  is  locally  irritatiug 
and  generally  poisonous,  and  as  it  possesses  these  properties  in  a  higher  degree 
than  most  others,  a  corresponding  degree  of  caution  is  necessary  in  the  pre- 
paration of  the  solutions  and  drcsshags  and  in  their  use.  The  maximum 
medicinal  dose  of  the  perchloride  is  contained  in  about  41  drachms  of  the  1  in 
1000  solution,  and  it  is  evident,  therefore,  that  in  using  such  a  preparation  in 
a  large  hollow  wound,  a  serous  cavity,  or  a  mucous  canal,  care  must  be  taken 
that  a  poisonous  dose  be  not  left  behind.  Should  such  an  accident  happen, 
or  should  the  patient  be  peculiarly  susceptible  to  mercury,  he  is  seized  with 
pains  in  the  belly,  and  diarrhoea  with  tenesmus  and  bloody  motions.  This 
may  be  followed  by  collapse  and  death,  or  the  fatal  result  may  be  occasioned 
by  exhaustion  from  constant  diarrhoea.  The  colon  and  rectum,  and  some- 
tinies  the  small  intestine,  in  such  cases  are  found  to  be  acutely  inflamed  and 
superficially  ulcerated.  Salivation  has  rarely  been  observed.  The  number  of 
cases  on  record  in  which  fatal  poisoning  has  followed  the  use  of  perchloride  of 
mercury  as  an  antiseptic  is  very  considerable,  amounting,  perhaps,  to  twenty 
or  thirty,  if  those  occurring  in  obstetric  practice  are  included.  In  any  case  j 
in  whicla  there  is  evident  danger  of  such  an  accident,  the  strength  of  the  j 
solution  should  on  no  account  exceed  1  in  2000. 

Local  irritation  from  sublimate  dressings  rarely  occurs  if  the  proportion  of 
mercury  is  not  too  great.  When  it  does  happen,  there  may  be  redness  and 
vesication  or  a  superficial  inflammation  resembling  eczema. 

Sal  Alembroth,  a  double  chloride  of  mercury  and  ammonium,  has  l^een 
suggested  by  Lister  as  a  substitute  for  the  pure  perchloride  in  preparing 
dressings.  Its  advantages  are,  that  it  is  less  ii-ritating,  and  less  prone  to  form 
an  inert  compound  with  albumen.  Gauze  impregnated  with  1  per  cent.,  and 
wool  with  2  per  cent.,  are  the  preparations  that  have  been  used.  The  only 
disadvantage  which  sal  alembroth  presents  is  its  extreme  solubility.  It  is 
very  readily  washed  out  of  the  dressing  by  an  abundant  discharge.  The 
gauze  and  wool  as  sold  are  stained  with  an  aniline  blue  to  distinguish  them. 

Chloride  of  Zinc. — The  efficient  strength  of  this  antiseptic,  which  is  the 
active  principle  of  Burnett's  fluid,  is  doubtful.  According  to  Koch  a  solution  of 
about  five  grains  to  the  ounce  will  not  certainly  kill  non-spore-bearing  organisms, 
and  one  of  twenty  grains  to  the  ounce  has  no  efi'ect  whatever  on  the  spores  of 
the  bacillus  anlhracis.  Its  use  in  the  treatment  of  wounds  was  introduced  by 
Campbell  De  Morgan  more  than  twenty-five  years  ago.  It  is  usually  employed 
in  the  strength  of  40  grains  to  the  ounce  of  Avatcr.  This  solution  produces  a 
whitening  of  the  surface,  but  the  action  is  very  superficial,  and  it  does  not 
cause  the  formation  of  a  visible  slough  unless  applied  for  some  length  of  time  ; 
in  fact,  even  in  this  strength,  it  does  not  prevent  union  by  first  intention. 
The  whitened  surface  has  been  shown  by  experiment  to  form  a  remarkably 
efficient  barrier  to  the  absorption  of  the  chemical  products  of  putrefaction, 
and  experience  proves  that  decomposition  of  the  discharges  will  not  commence 
in  a  wound  thus  treated  for  about  three  flays.  It  therefore  forms  a  most 
useful  application  to  wounds  in  which  it  is  impossible  to  employ  strict  anti- 
septic treatment,  such  as  those  opening  into  the  mouth,  rectum,  or  bladder ; 
for  by  the  third  day,  when  its  influence  seems  to  be  exhausted,  the  opened 
lymph-spaces  are  so  far  closed  by  plastic  exudation  that  the  dangers  of  septic 
absorption  are  gi-catly  diminished.  It  has  no  toxic  efl'ccts  when  thus  applied  ; 
but  care  must  be  taken  in  using  it,  if  a  syringe  be  employed  to  squirt  the 
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lotion  into  the  wound,  that  the  spaces  of  the  areokir  tissue  are  not  injected, 
or  serious  and  exteusive  sloughing  may  result. 

Boracic  Acid  was  introduced  into  surgical  practice  by  Lister.  It  is  one  of 
the  less  powerful,  and  at  the  same  time  one  of  the  least  irritating,  of  chemical 
antiseptics.  It  is  soluble  in  26  parts  of  cold  water  or  in  3  of  boiling  water. 
Its  efficient  strength  as  an  antiseptic  is  said  to  be  about  1  in  130  or  4  grains 
to  the  ounce,  but  the  concentrated  cold  solution  or  "  boracic  acid  lotion  "  is 
more  commonly  used.  It  is  prepared  by  adding  one  ounce  of  the  crystallised 
acid  to  a  pint  of  boiling  water,  and  afterwards  allowing  it  to  cool  and  the 
excess  of  the  crystals  to  settle  down  :  it  forms  a  useful  lotion  for  washing  or 
irrigating  wounds.  Boracic  acid  lint,  which  is  pre]iared  by  dipping  ordinary 
lint  in  a  concentrated  boiling  solution  of  the  acid  and  afterwards  drying  it, 
forms  a  useful  application  to  wounds  or  granulating  sores  ;  and,  if  moistened 
with  warm  boracic  acid  lotion,  it  may  be  applied  with  great  advantage  in  the 
place  of  a  poultice  to  sloughy  and  inflamed  wounds.  Boracic  acid  ointment 
forms  an  excellent  dressing  for  small  wounds,  such  as  those  on  the  face,  and 
for  healthy  granulating  sores.  The  most  convenient  form  is  a  preparation 
composed  of  1  part  of  paraffin  and  2  parts  of  vaseline  as  a  basis,  to  5  parts  of 
which  is  added  1  part  of  boracic  acid.  It  should  be  spread  on  thin  muslin 
and  dipped  in  the  boracic  acid  lotion  before  being  aj)plied,  after  which  it  may 
be  covered  with  cotton-wool  and  allowed  to  dry.  It  requires  changing  once 
or  twice  a  day.  Barff  has  recommended  a  chemical  combination  of  glycerine 
and  boracic  acid,  to  which  he  has  given  the  name  of  Boro-glyceride,  as  a  lotion 
for  wounds  and  sores,  and  those  who  have  used  it  report  favourably  of  it  ;  but, 
probably,  equally  good  results  can  be  obtained  by  adding  some  glycerine  to 
the  ordinary  boracic  lotion. 

Sulphurous  Acid  is  but  little  used  as  an  antiseptic  on  account  of  its 
extremely  unpleasant  smell.  It  is  very  irritating,  and  presents  no  advantages 
over  those  already  mentioned. 

Iodine  is  one  of  the  most  powerful  of  all  antiseptics.  It  has  been  recom- 
mended by  Bryant  as  a  lotion  for  washing  wounds  and  sponges,  in  the  strength 
of  two  drachms  of  the  tincture  to  a  pint  of  warm  water  ;  and  in  this  strength, 
it  is  an  efficient  antiseptic  and  very  free  from  irritating  properties. 

Eucalyptus  Oil  is  a  powerful  antiseptic,  having  a  very  fragrant  campho- 
raceous  smell ;  and,  so  far  as  is  at  present  known,  it  is  quite  free  from  poisonous 
properties.  It  is  practically  insoluble  in  water,  but  readily  soluble  in  oil, 
paraffin,  and  spirit.  It  is  chiefly  used  as  eucalyptus  gauze.  The  material  with 
which  the  gauze  is  impregnated  is  composed  of  3  parts  Dammar  resin,  3  parts 
paraffin  wax,  and  1  part  eucalyptus  oil.  This  preparation  was  used  exten- 
sively at  one  time  as  a  substitute  for  carbolic  gauze  in  cases  in  which  the 
patient  showed  signs  of  carbolic  poisoning,  or  when  the  skin  was  irritated  by 
'  the  dressing.  It  was  found  to  be  quite  eflicient  as  an  antiseptic  when  freshly 
:  prepared,  but  from  the  volatility  of  the  oil,  the  gauze  soon  deteriorates,  and 
the  dressing  must  be  changed  frequently,  as  at  tlie  temperature  of  the  body  it 
becomes  useless  after  about  twenty-fbur  hours.  For  application  to  granulat- 
ing sores  an  ointment  composed  of  2  parts  paraffin,  2  vaseline,  and  1  of  euca- 
lyptus oil  will  be  found  very  useful.  If  the  sore  be  foul,  some  iodoform  may 
be  added  in  the  proportion  of  one  drachm  to  the  ounce. 

Iodoform  is  an  antiseptic  of  undoubted  power  which  has  lately  been  used 
very  largely  in  surgical  practice.    It  is  sold  in  two  forms— the  precipitated. 
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which  is  an  extremely  fine  yellow  powder ;  and  the  crystalline,  com]3osed  of  fine 
golden  yellow  crystals.  The  latter  should  always  be  used  in  wounds  or  on  raw 
surfaces,  as  the  finely  divided  particles  of  the  precipitated  form  are  too  readily 
absorbed.  Iodoform  is  insoluble  in  water,  but  is  readily  soluble  in  chloroform 
and  ether,  sparingly  so  in  alcohol,  and  very  freely  in  oil.  The  preparations 
nscd  in  Surgery  are  the  pure  drug  in  crystals  ;.  iodoform  wool,  prepared  by  im- 
pregnating cotton-wool,  deprived  of  its  grease  so  as  to  render  it  absorbent, 
with  10  per  cent,  of  the  drug ;  and  iodoform  ointment,  made  by  mixing  varying 
proportions  of  the  crystals  from  one  drachm  upAvards  with  one  ounce  of  vasehne. 
The  pure  iodoform  is  specially  applicable  to  wounds  opening  into  cavities,  such 
as  those  left  by  removal  of  the  tongue  or  upper  jaw.  It  may  be  sprinkled  on 
the  raw  smface  twice  a  day,  and  will  completely  prevent  any  unpleasant  smell. 
The  Germans  have  used  it  freely  as  an  application  directly  to  the  raw  surfaces 
of  fresh  wounds  before  closing  them,  and  it  has  been  found  not  to  prevent 
union  by  first  intention,  but  its  use  in  this  way  is  not  to  be  recommended,  as 
it  is  a  needless  introduction  of  a  foreign  body. 

Iodoform  possesses  very  marked  toxic  properties,  but  the  effect  produced 
seems  to  depend  to  a  great  extent  upon  an  idiosyncrasy  on  the  part  of  the 
patient.  The  symptoms  of  iodoform  poisoning  are  very  various,  and  differ 
somewhat  in  children  and  adults.  Amongst  the  most  marked  effects  has  been 
an  elevation  of  temperature  reaching  104°  F.,  without  other  serious  constitu- 
tional disturbance,  and  without  any  unhealthy  appearances  in  the  wound. 
Loss  of  ajDpetite  with  progressive  emaciation  is  common,  the  patient  complain- 
ing that  everything  tastes  and  smells  of  iodoform.  Vomiting,  however,  is  not 
a  frequent  symptom.  The  effect  on  the  pulse  is  often  very  mai'ked,  especially 
in  children ;  the  frequency  is  greatly  increased,  reaching  140  or  even  180, 
and  at  the  same  time  the  force  is  correspondingly  diminished.  Its  effects 
on  the  brain  are  often  very  serious  ;  in  some  cases  in  adults  it  seems  to 
have  caused  violent  maniacal  dehrium,  in  others  persistent  drowsiness  has 
been  noted,  with  great  mental  depression.  In  children  drowsiness  is  more 
common,  and  occasionally  the  symptoms  may  closely  resemble  those  of 
tubercular  meningitis.  In  other  cases  rapid  collapse  has  followed  the  use  of 
iodoform,  for  which  no  cause  but  the  drug  could  be  found.  Many  fatal  cases 
have  occurred  in  Germany  ;  but  the  quantities  apphed  have  been  in  some  cases 
so  enormous  that  this  is  scarcely  to  be  wondered  at.  As  an  external  dressing 
to  a  wound,  the  edges  of  which  have  been  brought  accurately  in  contact, 
it  has  never  been  known  to  cause  poisoning,  though  when  apphed  on  the  raw 
surface  left  by  a  large  burn  it  may  give  rise  to  some  of  the  aboA-e-mentioned 
symptoms.  The  urine,  in  all  cases  of  iodoform  poisoning,  has  been  found  to 
contain  iodine.  The  treatment  consists  in  the  immediate  and  complete 
removal  of  the  drug,  which  will  usually  be  folloAved  by  speedy  disappearauce 
of  the  symptoms.  Iodoform  very  rarely  causes  any  local  irritation.  It  is 
said  to  have  little  or  no  power  of  destroying  the  virus  of  erysipelas. 

Potassium  permanganate,  a  solution  of  which  is  known  as  Condy's  fluid, 
is  a  powerful  oxidising  agent.  It  possesses  very  active  powers  as  a  disinfectant, 
destroying  the  smell  of  decomposing  matter  even  when  used  in  very  dilute 
solutions.  According  to  Miquel,  it  prevents  the  gi-owth  of  organisms  when  in 
the  proportion  of  about  2  grains  to  the  ounce  of  water.  In  the  strength  of 
about  20  gi-ains  to  the  ounce  it  will  kill  the  spores  of  the  bacillus  anthracis, 
but  such  a  solution  cannot  be  used  in  surgery,  as  it  stains  everything  with 
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which  ifc  comes  in  contact  a  deep  brown  colour.  The  weaker  solution  forms  a 
valuable  lotion  or  wash  for  foul  wounds.  It  possesses  practically  no  toxic, 
properties. 

Aluminium  acetate,  in  the  strength  of  about  10  grains  to  the  ounce,  has 
been  recommended  as  a  non-poisonous  antiseptic  by  Maas,  and  has  been  exten- 
sively  used  in  Germany. 

Both  the  acetate  and  subacetate  of  lead  possess  antiseptic  propertiesj: 
and  to  this  they  partly  owe  their  reputation  for  preventing  inflammation  in 
wounds. 

Benzoic  acid  possesses  extremely  powerful  antiseptic  properties,  but  ha& 
not  been  used  pure  in  the  treatment  of  wounds.  It  forms  an  important  con- 
stituent of  Compound  Tincture  of  Benzoin,  Friar's  Balsam,  or  Wound  Balsam,, 
which  was  formerly  extensively  employed  as  an  external  application  to  wounds,, 
and  is  still  sometimes  applied  to  compound  fractures. 

Turpentine  was,  in  former  times,  a  constituent  of  almost  all  salves  foi- 
wounds,  and  doubtless  did  excellent  service  as  an  antiseptic.  At  the  present- 
time  it  is  scarcely  ever  used.  A  highly  refined  form  is  sold  under  the  name  of 
terehene,  which,  dissolved  in  olive  oil  in  the  proportion  of  1  to  5,  forms  a  useful 
antiseptic  application. 

Thymol  is  the  aromatic  principle  of  thyme.  It  is  said  to  be  an  eflRcient. 
antiseptic  if  dissolved  in  water  in  the  proportion  of  1  in  1000.  It  is  but  little- 
irritating  and  is  not  poisonous  ;  but  it  presents  few  other  advantages,  and  is. 
rarely  used  except  for  washing  out  a  cavity,  as  the  rectum,  from  which  carbolic- 
acid  might  be  absorbed  in  dangerous  quantities  if  injected. 

Glycerine  possesses  feeble  antiseptic  properties,  the  efficient  strength  with 
water  being,  according  to  Miquel,  1  in  4.  It  is  chiefly  useful  as  an  addition, 
to  boracic  or  carbohc  lotions,  to  prevent  their  drying  too  quickly. 

Alcohol — According  to  Miquel,  the  efficient  antiseptic  strength  of  an 
alcoholic  lotion  is  1  in  10,  that  is  to  say,  two  ounces  of  absolute  alcohol  or- 
four  of  proof  spirit  in  a  pint.  Absolute  alcohol  has  no  influence  whatever  oa 
the  spores  of  pathogenic  bacilli.  Alcohol  is  but  little  used  in  surgery  as  an 
antiseptic,  as  it  evaporates  too  rapidly,  but  it  may  be  employed  as  a  wash  for 
wounds  or  for  the  hands  and  instruments  if  none  more  efficient  is  at  hand. 

Other  methods  of  Preventive  Treatment. — Amongst  the  most  power- 
ful means  of  preventing  inflanmiation  is  the  free  application  of  cold.  This, 
causes  contraction  of  the  vessels  and  limits  exudation,  thus  preventing  tension 
and  swelling.  The  cold  should  not,  however,  be  so  intense  as  seriously  to 
lower  the  vitality  of  the  injured  part,  or  it  may  cause  the  very  mischief  it  is. 
intended  to  prevent.  Its  application  must  moreover  be  continuous  tifl  the- 
danger  of  inflammation  is  past,  for  if  applied  in  an  intermittent  manner,  the. 
periods  of  hypersemia  which  occur  in  the  intervals  between  the  cold  applica- 
tions undo  whatever  good  may  have  been  done  during  the  time  that  the  part 
has  been  reaUy  cooled.  If  the  injury  be  superficial,  and  not  very  severe,  lint 
:  dipped  in  cold  water,  frequently  renewed,  may  be  applied  ;  or,  if  the  skin  be 
unbroken,  an  evaporating  alcoholic  lotion  may  be  used.  Should  a  limb  or 
joint  be  severely  injured,  cold  irrigation  will  be  a  preferable  mode  of  reducing 
Its  temperature.  This  may  most  conveniently  be  done  by  suspending  over  the- 
part  a  large  wide-mouthed  bottle  full  of  water,  in  which  a  few  pieces  of  ice- 
may,  if  necessary,  bo  put ;  one  end  of  a  skein  of  cotton,  well  wetted,  is  then 
'  allowed  to  hang  in  the  water,  whilst  the  other  end  is  brought  over  the  side  of 
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the  bottle.  This,  acting  as  a  syphon,  causes  a  continual  dropping  upon  the 
pait  to  which  the  cold  is  to  be  applied  (Fig.  85). 

But  the  direct  application  of  pounded  ice  in  a  bladder  or  thin  rubber  bag  is 
the  most  effectual  means  of  applying  cold,  when  it  is  intended  that  its  efl'ects 
should  penetrate  deeply,  as  in.  an  injured  joint,  spine,  or  head. 

Another  very  efficient  mode  of  applying  cold  is  to  surround  the  part  with  a 
coil  of  india-rubber  tubing  through  which  a  stream  of  iced  water  is  allowed 
slowly  to  fiow  from  a  reservoir  placed  above  the  bed.  This  method  was  intro- 
duced by  Otis  as  a  mode  of  applying  cold  to  the  genital  organs,  and  for  this 
purpose  it  is  very  efl&cient.    When  applied  to  the  header  to  a  limb,  the  weight 
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of  the  part  is  apt  to  compress  the  tube  and  arrest  the  flow.  To  overcome  this 
difficulty,  the  apparatus  known  as  "Leiter's  tubes,"  made  of  soft  metal 
which  can  be  accurately  applied  to  any  part  of  the  body,  has  lately  been  intro- 
duced. In  using  this  the  water  must  not  be  iced,  as  the  greater  conducting 
power  of  the  metal  renders  this  not  only  unnecessary  but  dangerous. 

The  application  of  a  cold  Lead  Lotion  acts  as  a  powerful  local  sedative, 
and  tends  greatly  to  restrain  local  inflammation. 

Absolute  rest  of  the  parts  is  an  essential  element  in  the  preventive  treat- 
ment of  inflammation.  Rest  as  to  movement  or  use  is  imperative.  An  injured 
joint  should  be  placed  at  rest  on  a  splint ;  hght  should  be  excluded  from  nn 
injured  eye. 

At  the  same  time  all  constitutional  disturbance  must  be  prevented  by  a 
moderate  and  well-chosen  diet,  by  repose  of  body,  by  regulation  of  the  action 
of  the  bowels,  and  by  careful  attention  to  the  hygienic  surroundings  of  the 
patient. 

Curative  TkeATMENT. — In  undertaking  the  Curative  Treatment  of 
inflammation,  the  Surgeon  must  not  allow  himself  to  be  led  away  by  the  name 
of  the  affection  with  which  lie  has  to  deal,  but  he  must  be  influenced  in  the 
means  that  he  adopts  by  the  constitutional  condition  of  the  i)atient,  by  the 
type  of  the  inflammatory  fever,  and  by  the  state  of  the  diseased  part ;  for 
nothing  presents  greater'  variety  than  the  management  of  the  inflammatory 
process  in  different  conditions  of  the  patient,  and  in  the  different  types  and 
phases  of  the  disease.    We  shall  accordingly  consider  the  treatment  of  acute 
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inflammation  as  it  is  accompanied  by  the  sthenic  and  the  astlieiiic  form  of 
inflammatory  fever. 

Treatment  of  Acute  Inflammation  with  Fever  of  the  Sthenic 
Type. — In  the  treatment  of  this  variety,  active  and  energetic  measures  may 
early  be  had  recourse  to,  especially  if  the  patient  be  young  and  strong.  There 
is  no  condition  that  is  more  under  the  control  of  the  Surgeon  than  this  when 
it  occurs  in  a  healthy  constitution,  and  none  in  which  more  can  be  done  by 
active  means  early  employed.  It  is  consequently  of  the  first  importance  that 
precious  time  be  not  lost  by  the  employment  of  inefficient  measiu'es  ;  other- 
wise, important  local  changes  and  alterations  of  structure  may  ensue. 

The  first  object  of  the  Surgeon  in  this,  as  in  all  forms  of  inflammation,  is  if 
possible  to  remove  the  cause,  and  to  exclude  every  source  of  irritation  from  the 
inflamed  part.  Thus,  if  there  should  be  an  accumulation  of  septic  matter,  this 
must  be  removed,  and  the  septic  process  checked  or  prevented,  by  the  use  of 
antiseptics.  If  a  foreign  body  be  lodged  in  the  flesh,  it  must  be  extracted. 
An  inflamed  joint  must  be  put  at  perfect  rest  ;  and  an  inflamed  eye  protected 
from  the  light. 

The  next  great  indication  is  to  lessen  the  determination  of  blood  to  the  part, 
and  the  blood-pressure  in  the  distended  vessels,  and  thus  to  limit  exudation. 
The  measures  for  accomplishing  this  form  what  has  been  termed  the  antiphlo- 
gistic treatment.    This  consists  of  constitutional  and  local  means. 

Constitutional  Treatment.— The  object  aimed  at  in  constitutional  anti- 
phlogistic treatment,  is  to  lessen  the  blood-pressure  in  the  inflamed  part  by 
means  which  weaken  the  force  of  the  heart's  action,  or  diminish  the  amount 
of  blood  generally  throughout  the  body.  It  is  evident  that  it  is  only  in 
patients  who  have  been  strong  and  in  good  health  before  the  invasion  of  the 
inflammation,  and  who  have  not  been  weakened  by  it,  and  in  young  or  middle- 
aged  subjects,  that  such  treatment  can  be  justifiable.  Many  forms  of  inflam- 
mation, as  erysipelas,  and  all  other  infective  processes,  are  from  their  nature 
depressing  ;  and  in  these  active  antiphlogistic  treatment  is  never  required. 

One  of  the  most  powerful  and  efficient  means  that  we  possess  is  General 
Blood-letting ;  to  which  we  may  have  recourse  when  the  inflammation  is 
sufficiently  extensive  and  severe,  and  the  state  of  the  patient's  powers  warrant 
it.  But,  as  blood  can  easily  be  taken  away  but  cannot  so  readily  be  restored, 
we  should  never  remove  it  unnecessarily,  lest  permanent  ill  efPects  ensue! 
Blood-letting  is  certainly  not  often  required  in  the  treatment  of  surgical 
inflammations  ;  and  it  should  be  especially  avoided  in  very  young  and  in  very 
old  subjects,  in  the  inhabitants  of  large  towns  generally,  and  in  persons  who  are 
suffering  from  inflammation  of  a  specific  character.  It  should  never  be  em- 
ployed unless  an  organ  of  gi-eat  importance  to  the  economy,  and  one  in  which 
abundant  exudation  is  likely  to  be  followed  by  serious  or  fatal  consequences, 
as  the  lung  or  brain,  be  inflamed,  or  so  injured  that  inflammation  is  imminent  • 
or  unless  a  tissue,  like  the  transparent  structure  of  the  eye,  be  afi'ected,  in 
'  which^  case  it  is  absolutely  necessary,  at  any  risk,  to  limit  exudation  lest  it 
.  give  rise  to  a  change  of  structure,  which,  however  slight,  would  be  fatal  to 
.  the  utility  of  the  part.  The  quantity  of  blood  that  should  be  taken  necessarily 
varies  greatly,  according  to  the  age  and  constitution  of  the  patient,  and  the 
nature  of  his  disease;  and  it  is  of  importance  to  bear  in  mind  that  when 
Dlood-  etting  IS  really  required,  the  system  tolerates  the  loss  in  'a  way 
that  It  does  not  otherwise.    The  effect  produced  on  the  pulse  and  on  the 
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isystem  should  be  tlae  guide  to  the  quantity  to  be  taken  away.  A  decided 
impression  should  be  produced  by  blood-letting,  not  so  much  on  the  fre- 
•quency  of  the  pulse,  as  on  its  character  ;  that  should  guide  us,  and  not  the 
number  of  ounces  drawn.  The  point  to  be  obtained  is  the  greatest  effect 
upon  the  system  with  the  least  loss  to  the  patient  ;  hence  the  blood  should  be 
taken  from  a  large  orifice,  the  patient  sitting  upright.  In  repeating  the 
venesection,  we  must  be  guided  by  the  impression  that  has  been  made  upon 
the  disease,  and  by  the  state  of  the  pulse.  In  former  times,  blood-letting  was 
sometimes  practised  in  the  temporal  artery,  and  the  external  jugular  vein  ;  but 
in  the  present  day,  blood  is  scarcely  ever  taken  from  any  vessel  but  the  median 
basilic  vein  at  the  bend  of  the  elbow.  The  operation  is  thus  performed:  the  patient 
being  in  a  sitting  posture,  a  tape  or  a  piece  of  bandage  is  bound  round  the  arm 
:&bout  midway  between  the  shoulder  and  the  elbow,  with  sufficient  firmness  to 
obstruct  the  return  of  blood  through  the  veins,  and  yet  not  to  interfere  with 
the  flow  through  the  artery.  When  the  limb  below  the  bandage  is  fidly  dis- 
tended with  blood,  the  operator  selects  the  most  prominent  vein  at  the  bend  of 
the  elbow,  which  will  almost  invariably  be  the  median  basilic,  and  compresses 
it  with  his  thumb  heloiv  the  point  at  which  it  is  intended  to  open  it ;  this 
serves  the  double  purpose  of  steadying  the  vein,  and  preventing  a  premature 
•escape  of  blood.  He  then  takes  the  lancet,  or  any  other  small  sharp-pointed 
■cutting  instrument  if  a  lancet  be  not  at  hand,  and  holding  it  by  the  blade 
(between  the  forefinger  and  thumb,  while  he  steadies  his  hand  by  resting  the 
other  fingers  on  the  arm  of  the  patient,  he  divides  the  skin  and  opens  the 
vessel  by  a  single  incision  about  one-third  of  an  inch  in  length,  carried 
obliquely  across  the  vein  and  dividing  its  anterior  wall.  He  then  takes  a 
graduated  vessel,  and,  holding  it  in  sucla  a  position  as  to  catch  the  blood,  he 
xemoves  his  thumb  from  the  vein,  and  allows  the  proper  amount  to  escape. 
During  the  operation  tbe  patient  should  hold  some  round  body  in  his  hand, 
which  he  can  grasp  firmly  at  intervals,  by  which  means  the  blood  from  the 
•deep  veins  is  driven  out  from  amongst  the  muscles  into  the  median  by  the 
■communicating  branch  which  enters  it  just  before  its  bifurcation.  As  soon  as 
a  sufficient  quantity  of  blood  is  drawn,  the  constricting  band  on  the  arm  is 
Telaxed  ;  a  pad  of  lint  is  applied  over  the  wound,  and  secured  by  a  few  turns 
of  a  figure-of-8  bandage.  The  only  accident  that  can  happen  during  the 
operation  is  a  wound  of  the  brachial  artery,  which  usually  lies  immediately 
beneath  the  median  basilic  A-eiu  near  the  point  selected  for  i)leeding.  This  is 
avoided  by  holding  the  blade  of  the  lancet  short  and  firmly,  and  sujiporting 
the  backs  of  the  three  inner  fingers  on  the  patient's  arm  ;  while  by  a  move- 
ment of  extension  of  the  wist,  the  point  of  the  instrument  is  made  to 
move  in  a  segment  of  a  circle,  and  so  to  open  the  prominent  vein  without  any 
risk  of  penetrating  more  deeply  than  is  intended.  If  from  inadvertence  the 
patient  be  bled  in  the  recumbent  position,  a  greater  quantity  of  blood  may  lie 
removed  than  is  intended  before  the  effect  on  the  pulse  is  produced. 

Bleeding  from  the  external  jugular  vein  should  never  be  performed,  as  it  is 
accompanied  by  the  danger  of  entrance  of  air,  and  the  effect  produced  differs 
in  no  respect  from  that  of  bleeding  from  the  arm. 

We  must  in  all  cases  endeavour  to  set  the  secretions  free,  and  in  this  way 
to  clear  the  blood  of  the  morbid  products  accumulated  in  it.  If  we  can  bring 
about  a  full  action  of  the  liver,  with  copious  bilious  evacuations  fi-om  the 
bowels  or  an  abundant  acid  perspiration  from  the  skin,  or  a  copious  discharge 
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of  urine,  we  shall  diminish  the  constitutional  disturbance  and  mitigate,  if  not 
oat  short,  the  local  process.  With  these  objects  in  view,  purgatives,  diapho- 
retics, and  diuretics  are  to  be  administered. 

Purgatives,  by  causing  dilatation  of  the  vessels  of  the  alimentary  canal, 
reduce  the  blood-pressure  in  other  parts,  and  this  effect  is  still  further  increased 
by  the  diminution  they  cause  in  the  general  mass  of  the  circulating  fluid. 
Moreover,  they  clear  the  intestinal  canal,  and  thus  favour  digestion  and  assi- 
milation of  food.  From  the  frequency  with  which  diarrhoea  is  associated  with 
tmhealthy  inflammatory  processes  it  seems  probable  that  the  intestinal  tract 
forms  an  important  channel  for  the  elimination  of  the  products  of  such 
■  inflammations  from  the  blood,  and  the  necessity  of  maintaining  a  proper 
action  of  the  bowels  would  thus  be  explained.  Experience  teaches  us  also 
that  in  inflammatory  affections  constipation  always  aggravates  the  elevation 
of  temperature,  and  a  brisk  purgative  will  often  bring  it  down  one  or  two 
•degrees.  This  is  especially  the  case  Avith  children.  Purgatives  should,  there- 
fore, always  be  given  early,  except  in  some  special  cases  of  acute  inflammation 
of  the  abdominal  organs.  In  general,  it  will  be  found  most  advantageous  to 
administer  a  mercurial,  followed  by  a  brisk  saline  purge  ;  and  this  should  be 
repeated  from  time  to  time  during  the  progi-ess  of  the  case. 

Diuretics  and  Diaphoretics  are  of  much  use  when  fever  forms  a  marked 
feature  of  the  case,  and  they  should  then  be  administered  frequently  during 
the  day.  Free  perspiration  lowers  the  temperature  by  increasing  the  loss  of 
heat  from  the  surface  of  the  body  and  the  dilatation  of  the  cutaneous  vessels 
tends  to  diminish  the  blood-pressure  in  internal  parts.  Both  the  skin  and 
iidneys  also  take  an  important  part  in  the  elimination  of  the  products  of  the 
increased  tissue-change  which  forms  an  essential  featm-e  in  the  febrile  process  ; 
and,  unless  both  perform  their  functions  properly,  these  products  may  accu- 
mulate to  a  dangerous  extent.  The  diaphoretics  and  diuretics  most  commonly 
used  are  citrate  of  potash,  acetate  of  ammonia,  and  nitrate  of  potash.  If  the 
skin  be  hot  and  dry,  small  quantities  of  antimony  may  be  admuiistered  either 
in  the  form  of  antimonial  wine  conjoined  with  the  salines  above-mentioned, 
or  as  James's  powder  combined  with  Dover's  powder.  Antimony  is  best  given 
in  small  repeated  doses,  but  if  it  be  pushed  too  far,  so  as  to  induce  distinct 
nausea,  it  exerts  a  poAverful  depressing  action  on  the  heart,  and  consequently 
I  its  effects  must  always  be  carefully  watched. 

Aconite  in  small  doses  frequently  repeated— one  minim  of  the  tincture 
every  half  hour  for  four  hours  and  then  every  hour— exercises  a  most  marked 
influence  on  simple  inflammatory  fever  with  high  temperature,  but  with  no 
visceral  comphcations.  It  lowers  the  force  and  frequency  of  the  pulse,  and 
produces  speedy  and  copious  sweating,  to  the  infinite  relief  of  the  patient. 

In  the  treatment  of  many  forms  of  acute  inflammation,  especially  those  which 
affect  tlie  serous  and  fibrous  membranes,  mercury  may  sometimes  be  adminis- 
tered with  advantage,  not  as  a  purgative,  but  as  an  alterative  ;  and  I  confess 
that  I  can  in  no  way  give  my  adlierence  to  the  doctrines  of  those  who  deny 
the  utility  of  the  preparations  of  this  mineral  in  the  treatment  of  certain 
forms  of  inflammatory  disease.  Mercurial  remedies  are  of  special  service  in 
aidmg  the  operation  of  other  medicines.  Diui-etics,  diaphoretics,  and  puro-a- 
tives  will  frequently  not  act  properly  unless  combined  with  a  mercurtal 
tare,  however,  is  required  in  the  administration  of  mercury.  In  irritable  or 
cachectic  constitutions  it  should  not  be  given  at  all,  or  not  without  great 
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caution.  It  is  best  borne  by  strong  constitutions,  and  in  acute  inflammation 
of  the  serous  and  fibrous  tissues. 

Calomel,  blue  pill,  and  powder  of  mercury  with  chalk,  are  the  preparations 
usually  emploj^ed  when  the  mineral  is  given  by  the  mouth.  When  it  is 
administered  endermically  the  mercurial  ointment  is  preferred.  The  mercury 
must  never  be  pushed  to  salivation,  but  in  some  cases  it  may  be  given  until 
the  gums  are  slightly  aiiected. 

Opium  is  of  use  not  only  in  the  way  that  has  just  been  indicated,  but  is  of 
essential  service  in  allaying  the  pain  and  irritability  that  often  accompany 
inflammation,  especially  in  many  inflammatory  affections  of  the  bones  and 
joints.  Dover's  powder  is  of  especial  value  in  this  respect,  which,  alone 
or  combined  with  James's  powder,  forms  one  of  the  most  powerful  diaphoretics 
we  possess. 

In  the  treatment  of  acute  inflammation,  it  is  of  essential  consequence  that 
the  patient  should  be  kept  at  rest,  in  an  atmosphere  of  well-regulated  tempera- 
ture, and  on  low  diet. 

Local  Tjrbatment. — This  consists  of  means  of  the  most  varied  and  oppo- 
site characters.  Heat  and  cold  ;  iced  water  and  hot  fomentations  ;  astringents 
and  sedatives — ai-e  all  employed,  and  all  with  success,  but  each  only  in  certain 
stages  and  forms  of  the  disease ;  and  the  art  in  conducting  the  local  treatment 
of  inflammation  consists  in  adapting  the  various  means  at  our  disposal  to  the 
particular  conditions  of  the  case  before  us. 

Local  Blood-letting  is  an  efficient  means  of  directly  lessening  the  amount 
of  blood  in  an  inflamed  part,  as  by  it  in  some  cases  we  take  blood  directly 
from  the  distended  and  engorged  vessels.  It  does  not  always  act,  however, 
quite  so  simply  as  this.  lu  no  disease  is  the  benefit  of  local  blood-letting 
more  marked  than  in  acute  inflammation  of  the  middle  ear,  and  yet  in  this 
case  we  draw  the  blood  from  the  cutaneous  vessels  over  the  mastoid  process. 
In  acute  orchitis  relief  is  often  given  by  puncturing  the  distended  veins 
of  the  scrotum,  which  have  no  direct  connection  with  the  swollen  gland.  In 
these  cases  the  relief  is,  perhaps,  due  to  a  reflex  contraction  of  the  arteries 
leading  to  the  inflamed  part. 

Local  blood-letting  may  be  used  in  addition  to,  though  it  is  most  commonly 
employed  in  preference  to,  general  blood-letting,  especially  if  the  inflammation 
be  not  severe,  or  if  it  occur  at  either  of  the  extremes  of  life,  in  women,  and  in 
persons  of  generally  feeble  power. 

Blood  may  be  taken  locally  by  punctures,  scarifications,  or  mcisions,  or  by 
leeching  or  ciqiping. 

Punctures,  scarifications,  and  incisions  can  be  practised  only  in  in- 
flammation of  the  cutaneous  and  exposed  mucous  surfaces,  due  attention  being 
paid  to  subjacent  parts  of  importance.  They  constitute  a  very  efliicient  means 
of  relieving  tlie  part,  as  not  only  is  blood  removed,  but  an  exit  is  aff'orded  for 
elFused  matters  ;  tension  is  consequently  materially  lessened,  and  any  tendency 
to  sloughing  diminished.  The  removal  of  the  tension  of  inflamed  i^arts  is  not 
only  of  the  greatest  advantage  locally,  but  is  of  considerable  service  to 
the  system  at  large  by  lessening  the  pain  and  general  irritation  that  are  always 
occasioned  by  it.  Punctures  should  be  made  with  a  fine  hincet,  in  parallel 
rows  over  the  inflamed  surface,  and  should  not  exceed  a  quarter  of  an  inch  m 
depth.  Scarifications  are  in  reality  small  and  short  incisions.  They  may 
be  made  across  swollen  and  congested  vessels,  which  will  bleed  freely,  as  in 
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the  relief  of  a  chemosis  of  the  lower  eyelid.  A  modification  of  puncture  is 
sometimes  practised  by  opeuiug  the  veins  in  the  neighbourhood  of  the  inflamed 
part  at  several  points  at  once.  Thus,  in  inflammation  of  the  testis,  the  scrotal 
veins  may  be  punctured  with  advantao-e. 

"When  incisions  are  required  they  should  be  so  arranged  as  to  afi'ord  the 
greatest  possible  relief  to  the  tension  whilst  doing  the  least  possible  mischief  to 
the  part  incised.  Their  length  and  their  depth  must  vary  according  to  the 
seat  of  the  inflammation.  Thus  in  the  inflamed  conjunctiva  they  must  of 
course  be  very  limited,  Avhilst  in  phlegmonous  inflammation  of  a  limb  they 
may  be  of  much  greater  extent  and  depth.  Care  must  be  taken  as  far  as 
possible  not  to  wound  superficial  arteries  or  veins  of  sufficient  size  to  bleed 
dangerously.  Bleeding  from  punctures  and  incisions  may  be  encouraged  by 
warm  fomentations. 

Leeches  are  usefully  applied  to  the  neighbourhood  of  inflamed  parts,  but 
should  not  be  put  upon  the  inflamed  surface  itself,  as  their  bites  irritate. 
There  are  certain  situations  in  which  leeches  should  not  be  placed,  as  over  a 
large  subcutaneous  vein,  or  in  regions  where  there  is  much  loose  areolar  tissue, 
as  the  scrotum  or  eyelids,  lest  troublesome  hsemorrhage  or  ecchymosis  occur. 
So,  also,  they  should  not  be  applied  near  a  specific  ulcer,  lest  the  bites  become 
inoculated  by  the  discharge.  The  bleeding  from  a  leech-bite  may  be  encou- 
raged by  warm  poulticing  or  fomentations  for  some  time  after  the  animal  has 
dropped  off.  In  this  way  from  half  an  ounce  to  an  ounce  of  blood  may  be 
taken  by  each  leech.  The  hasmorrhage  usually  ceases  spontaneously  soon 
after  the  leech  is  removed,  but  should  the  bleeding  continue  too  long  it  can 
generally  be  arrested  by  continued  pressure  with  some  scraped  lint,  or  by  the 
application  of  matico,  or  powdered  alum.  If  these  fail,  which  may  happen 
m  some  situations  where  pressure  cannot  be  conveniently  apphed,  as  on  the 
neck  and  abdomen,  particularly  in  young  children,  a  piece  of  nitrate  of 
silver  scraped  to  a  point,  or  a  heated  wire  introduced  into  the  bite,  previously 
wiped  dry,  or  a  needle  transfixing  the  edges  of  the  bite  with  a  twisted  suture 
over  and  around  it,  may  be  required. 

Cupping  may  be  either  "  wet  "  or  "  dry."  Dry  cupping  consists  of  the 
apphcation  of  the  cupping  glasses  to  the  skin  without  making  any  previous 
scarifications.  It  is  a  means  of  causing  a  determination  of  blood  to  the 
surface  for  the  purpose  of  diminishing  the  flow  to  an  internal  organ.  Thus  in 
congestion  of  the  kidneys  following  an  operation  on  the  urethra  or  bladder, 
dry  cupping  in  the  loins  is  often  of  considerable  use.  It  is  employed  especially 
in  those  patients  whose  constitutional  state  does  not  justify  the  abstraction  of 
blood.  The  instruments  reciuired  are  a  spirit  lamp  with  a  large  flame,  and 
the  cuppmg  glasses.  These  are  made  of  thick  glass  and  are  dome-shaped 
with  smoothly-ground  edges.  The  operation  consists  merely  of  rarefying  the 
air  m  the  cupping  glass  by  means  of  the  flame  of  the  spirit  lamp,  and  in- 
stantly applying  the  glass  firmly  and  evenly  to  the  skin.  The  intention 
IS  not  to  heat  the  glass  but  the  air  contained  in  it,  and  in  fact  to  a  great 
extent  to  replace  the  air  by  the  products  of  combustion  of  the  flame  of  the 
lamp  It  IS  for  this  reason  that  a  large  flame  completely  filling  the  o-iass 
■Btiould  be  used.  If  the  operation  bo  properly  performed  the  site  of  the  glass 
Jill  be  marked  by  a  bruise  due  to  the  rapture  of  the  capillary  vessels  in  the 
area  included  in  the  vacuum. 

In^wct  cupping  the  glass  is  applied  in  the  same  way  over  a  number  of 
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superficial  incisions  which  are  made  instantaneously  by  the  "  scarificaLor," 
an  instrument  provided  with  a  niunber  of  parallel  knives  worked  by  a  s])rin'g 
and  released  by  a  trif.-ger.  The  quantity  of  blood  extracted  is  regulated  by 
the  size  of  tlie  glass,  and  the  flow  from  the  superficial  wound  ceases  the  moment 
it  is  removed.  Cupping  cannot,  however,  be  employed  upon  the  inflamed 
surface  itself,  on  account  of  the  pain  and  irritation  that  it  would  occasion,  and 
is  consequently  chiefly  applicable  to  internal  inflammations.  As  the  scars 
made  by  the  scarificators  continue  through  life,  cupping  should  not  l)e 
practised  upon  exposed  sui'faces. 

Cutting  off  the  Supply  of  Blood  from  the  inflamed  part  by  the  ligature  of 
the  main  artery  leading  to  it  has  been  adopted  in  some  cases.  "  Thus,  in  acute 
inflammation  of  a  joint,  the  main  artery  of  the  limb  has  been  tied— the  femoral, 
for  instance,  in  inflammation  of  the  knee-joint.  By  many  Surgeoiis,  and  by 
most  patients,  the  remedy  would  be  considered  worse  than  the  disease  for  the 
cure  of  which  it  is  proposed. 

Vanzetti  has  recommended  digital  pressure  on  the  arteries  in  inflammation. 
He  has,  for  instance,  related  a  case  of  severe  acute  inflammation  of  the  hand, 
relieved  by  t\venty-fom-  hom's'  contiuuous  pressure  on  the  bracliial  artery. 
Neudorfer  speaks  highly  of  the  proceeding,  which  he  regards  as  surpassing  all 
others  in  efficacy.  He  recommends  intennittent  pressure  for  not  less  than . 
three,  and  not  more  than  eight,  minutes  three  or  four  times  a  day.  The 
method  is  apphcable  to  inflammation  of  any  part  of  which  the  artery  is  within 
reach  :  and,  though  we  may  not  go  so  far  with  Neudorfer  as  to  suppose  that 
it  obviates  all  necessity  for  constitutional  treatment,  it  appears  to  be  a  remedy 
preferable  in  many  cases  to  local  blood-letting. 

In  Cold  and  Heat  we  possess  two  most  important  local  means  of  controlling 
inflammation.    They  cannot,  however,  be  employed  indiscriminately. 

Cold.— The  use  of  cold  in  the  prevention  of  inflammation  has  been  ah'eady 
described  (p.  204).  When  inflammation  is  fully  established  with  its  cardinal 
symptoms  of  redness,  SAvelling,  heat,  and  pain,  cold  can  scarcely  be  applied 
without  doing  harm  ;  as,  although  it  may  lead  to  a  diminished  flow  of  blood  to 
the  part  by  causing  contraction  of  the  arteries,  it  tends  still  further  to  lower 
the  vitality  of  the  affected  tissues,  and  thus  to  increase  the  adhesion  of  the 
corpuscles  and  the  retardation  of  the  flow,  till  stasis,  followed  by  death  of  tlie 
part,  may  result.  Cold  should  never  be  had  recourse  to  when  suppuration  is 
coming  on  or  has  set  in  ;  still  less  should  it  be  employed  when  there  is  a 
tendency  to  mortification.  The  modes  of  applying  cold  have  already  l)een 
described  (p.  204). 

"When  acute  inflammation  has  passed  oft"  and  the  vessels  of  the  jiart  ren)aiu 
relaxed  and  turgid,  the  ajjplication  of  cold  is  often  a  powerful  agent  in 
restoring  the  tone  of  the  parts.  For  this  purpose  cold  salt-water  douching  or 
sponging  is  the  most  efficacious. 

Warmth  and  moisture,  conjoined,  are  of  the  utmost  service  in  the  treat- 
ment of  inflammatioji  during  the  height  of  that  ijrocess— during  that  period 
when  cold  applications  are  not  admissible.  By  these  means  the  vessels  arc 
dilated  to  the  fullest  extent  and  the  tendency  to  stasis  diminished.  The 
warmth  tends  also  to  hasten  the  return  of  vitality  in  the  diimagcd  area,  if 
that  l)e  ])os8ible,  and  is,  therefore,  especially  valuable  in  all  cases  in  which 
there  is  a  tendency  to  sloughing.  The  exudation  is  increased  from  the  dis- 
tended vessels,  and  it  is  believed  that  this  tends  to  carrv  the  miirrated 
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corpuscles  out  of  the  inflamed  part  iuto  the  lymphatics  in  those  cases  in 
which  the  irritant  causing  the  inflammation  is  not  of  sufficient  intensity  to 
give  rise  to  suppuration.  Should  suppuration  be  inevitable  warmth  hastens 
the  process  by  increasing  the  exudation  and  migration.  Warmth  and  moisture, 
by  causing  relaxation  of  the  parts,  diminish  tension  and  thus  relieve  pain. 

When  abscess  threatens,  and  the  skin  is  not  broken,  nothing  affords  so 
much  relief  as  a  Avell-made  linseed-meal  poultice.  To  make  this  smooth 
and  soft,  the  meal  must  be  gradually  added  to  the  proper  amount  of  boiling 
water,  being  vigorously  stirred  at  the  same  time.  If  the  water  be  added  to 
the  meal,  the  mass  is  apt  to  become  lumpy.  It  must  be  spread,  not  too 
thickly,  on  a  piece  (if  linen-rag,  and  applied  as  hot  as  the  patient  can  bear  it. 
It  is  better  to  use  meal  from  Avhich  the  oil  has  not  been  expressed,  or  to  add 
to  the  ordinary  linseed  meal  a  small  quantity  of  olive  oil,  whicli  prevents  its 
drying  and  sticking  to  the  skin.  But,  useful  as  poultices  are  for  the  relief  of 
paiii  from  tension,  or  the  hastening  of  suppuration  when  the  skin  is  unbroken, 
they  are  most  objectionable  when  applied  to  a  wound,  ulcer,  or  granulating  sur- 
face. Then  they  merely  encourage  putrefactioii.  In  such  cases  wet  dressing, 
consisting  of  a  double  or  triple  layer  of  lint,  well  soaked  in  a  warm  solution  of 
carbolic  acid,  oi'  boracic  acid  lint  moistened  with  a  hot  solution  of  boracic 
acid,  may  be  applied  and  covered  with  oiled  silk  extending  half  an  inch  to  an 
inch  beyond  it  on  all  sides.  This  may  be  covered  with  a  thick  layer  of 
cotton-wool  secured  by  a  bandage.  By  these  means  we  obtain  an  apphcation 
which  is  cleaner  and  lighter  than  a  poultice,  and  which  retains  its  heat  equally 
long.  Another  excellent  substitute  for  a  poultice  is  a  sheet  ol'  salicylic  wool 
(4  per  cent.)  about  one  inch  thick,  moistened  with  boiling  water  and  covered 
with  oiled  silk  and  dry  cotton-wool.  This  is  also  a  most  efficient  antiseptic; 
application. 

Fomentations  of  warm  water,  oi'  of  decoction  of  poppy  and  c;imomile 
flowers,  applied  by  means  of  flannels  wrung  out  of  these  liquids,  and  applied 
hot,  are  very  useful  in  extensive  superficial  inflammations.  The  flannels 
■should  be  well  covered  with  oiled  silk  or  rubber  cloth,  so  as  to  retain  the  heat, 
and  to  prevent  evaporation.  Spougio-piliue  may  be  used  as  a  sul)stitute  for 
flannel,  in  cases  in  which  the  surface  is  unbroken. 

Dry  cotton-wool  heated  before  a  fire,  ajjplied  Avarm,  and  covered  Avith  a 
large  sheet  of  oiled  silk,  may  sometimes  be  conveniently  substituted  for  a 
fomentation.  The  watery  vapour  given  oif  from  the  skin  being  enclosed  by 
the  oiled  silk  forms  a  sort  of  warm  vapour  bath  for  the  affected  part.  Dry 
heat  in  the  form  of  flannels,  or  bags  of  l)ran  toasted  before  the  fire,  or  heated 
in  a  oven,  are  often  convenient  applications,  especially  for  the  head  or 
abdomen. 

Belladonna,  ajiplied  externally,  sometimes  exercises  a  very  distinct  and 
rapid  controlling  influence  over  superficial  inflammations  of  an  acute  and 
spreading  character.  It  is  supposed  to  act  partly  by  causing  contraction  of 
the  muscular  coats  of  the  small  arteries  by  its  direct  action  on  the  vaso-inotor 
nerves,  and  partly  by  its  sedative  effect  on  the  cutaneous  sensory  nerves, 
stimulation  of  which,  as  we  have  before  seen,  causes  by  reflex  action  a  dilatation 
of  the  vessels  in  the  area  irritated.  It  is  best  a])plicd  as  a  paint  composed  (if 
equal  parts  of  the  extract  and  of  glycerine,  which  may  be  smeared  on  the 
inflamed  part  and  covered  with  cotton- wool,  or  hot  fomentations  may  be  jmt 
on  over  it.    Tiiere  is  no  danger  (if  belladonna  pois(jning,  even  when  large 


212        LOCAL  DISTURBANCES  AND  INFLAMMATION. 


surfaces  are  painted  with  the  extract  and  glycerine.  I  have  fi'equeutly 
painted .  the  whole  arm  in  this  way  without  any  unpleasant  effect;  and  the 
most  I  have  ever  noticed  has  been  a  little  dryness  of  the  throat  after  some 
days'  use- of  the  drug.  The  belladonna  and  glycerine  must  be  carefully  kept 
out  of  the  way  of  children,  as  its  taste  is  not  unpleasant,  and  they  are  very 
likely  to  eat  it  by  mistake  for  treacle.  Two  such  cases  have  been  admitted 
into  University  College  Hospital,  both  of  which  fortunately  recovered. 

Position  and  Rest. — The  inflamed  part  should  when  possible  be  placed  in 
such  a  position  as  to  facilitate  the  return  of  blood  from  it.  Unless  this  be 
done,  the  pain  is  greatly  increased,  and  the  congestion  augmented.  Hence 
the  part  requires  to  be  elevated  to  a  level  with,  or  above,  the  rest  of  the  body. 
All  motion  and  use  of  the  part  must  likewise  be  interdicted,  and,  if  necessary, 
restrained  by  splints  or  other  appliances. 

These  are  the  means  by  which  acute,  active  inflammation  is  arrested  and 
cured.  In  their  employment,  we  must  endeavom*  to  proportion  the  activity 
of  our  measures  to  the  age,  constitution,  and  vigom-  of  the  patient,  and  to  the 
seat  and  intensity  of  the  local  disease  ;  and  we  must  continue  the  treatment 
until  the  inflammatory  process  is  not  only  arrested,  but  has  entirely  subsided, 
and  the  part  is  restored  to  its  ordinary  healthy  state. 

Teeatment  op  Acute  Inflammation  with  Constitutional  SxMPTOiis 
OF  THE  Asthenic  Type. — This  form  derives  its  pecidiarities  from  the 
character  of  the  constitutional  disturbance,  rather  than  from  that  of  the  local 
affection.  Hence  the  chief  difference  between  the  treatment  of  this  form  and 
that  just  described  is  in  the  management  of  the  constitutional  rather  than 
the  local  condition. 

In  considering  this  paTt  of  our  subject,  it  is  of  especial  importance  to  banish 
the  term  "  antijjhlogisUc ;  "  for  the  same  treatment  that  would  tend  to  arrest 
the  progress  of  one  form  of  inflanamation,  would  act  most  injm-iously  in 
another.  Nothing  appears  to  me  to  be  more  unscientific  than  to  endeavour  to 
treat  all  inflammations  on  one  uniform  plan.  Surely  the  scoffers  at  medical 
science  have  some  ground  for  doubting  at  least  the  wisdom  of  its  professors, 
when  they  see  one  set  of  practitioners  treating  every  inflanmiatory  disease  with 
depletion,  antimony,  and  calomel,  whilst  others  teach  that  the  panacea  for  all 
inflammations  consists  in  brandy,  ammonia,  and  bark.  It  is  impossible  that 
both  methods  can  be  right,  as  exclusive  plans  of  treatment.  But  the  error 
lies  in  making  them  exclusive.  Each  is  serviceable  in  its  own  particular  cases, 
and  is  applicable  to  them  only.  And  between  these  extremes  lie  a  multitude  of 
forms  of  disease,  in  which  endless  modifications  and  combinations  of  these  two 
methods  of  treatment — the  stimulating  and  the  depletory — must  be  adopted 
by  the  Surgeon  in  order  to  meet  the  varying  conditions  of  liis  patient.  It  is 
the  type  assumed  by  the  constitutional  disturbance,  its  sthenic  or  its  adynamic 
character,  as  indicated  by  the  general  condition,  by  the  pulse,  and  by  the 
tongue,  and  not  the  mere  local  disease,  that  must  guide  the  Surgeon  in  his 
line  of  practice.  We  may  advantageously  treat  with  antimony  and  blo(»d- 
letting  an  acute  inflammation  in  an  otherwise  healthy  and  robust  man  of 
thirty  :  whilst  in  a  broken  man  of  seventy,  ammonia,  bark,  port  wine  and 
brandy  would  be  equally  proper.  It  is  a  fatal  error  to  attach  too  much 
importance  to  the  detection  of  the  local  malady,  and  to  regard  the  recognition 
of  the  character  of  the  accompanying  constitutional  disturbance  as  of  minor 
interest.    The  Surgeon,  who  acts  thus,  runs  the  risk  of  treating  the  Name 
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and  not  the  Disease.  If  we  treat  erysipelas  or  pneumonia  as  mere  alfections 
of  the  skin  or  of  the  lung,  on  one  uniform  plan,  without  reference  to  the  type 
of  the  constitutional  disturbance  accompanying  them,  we  shall  miserably  err 
in  a  large  proportion  of  the  cases.  But  if  we  make  the  constitution  of  the 
patient  our  guide,  and  deplete  or  stimulate  accordingly — even  though  we 
treat  two  patients  with  the  same  disease,  as  far  as  name  is  concerned,  on 
totally  opposite  plans — we  shall  not  act  inconsistently,  but  in  strict  conformity 
with  the  natural  condition  of  the  patient  and  of  his  disease. 

We  must  be  guided  in  the  means  that  we  adopt  by  the  state  of  the  tongue 
and  pulse,  and  the  general  character  of  the  symptoms.  If  these  from  the 
first  partake  of  the  asthenic  type,  we  cannot  at  any  period  have  recourse  to 
the  treatment  that  has  been  recommended  in  inflammations  accompanied  by 
sthenic  fever.  If  the  disease  commence  in  an  ac5fcive  form,  the  fever  pro- 
gressively assuming  a  lower  and  lower  character,  merging  into  the  asthenic 
type,  so  must  we  gradually  modify  the  nature  of  our  general  treatment.  This, 
however,  is  always  a  delicate  procedure,  requiring  much  caution.  Though  the 
inflammatory  fever  may  at  first  assume  the  sthenic  form,  if  there  be  reason  to 
believe,  from  the  broken  constitution  of  the  patient,  or  from  the  septic  or 
infective  character  of  the  local  inflammation,  that  the  constitutional  symptoms 
will  not  long  continue  of  this  type,  we  must  be  extremely  cautious  how  we 
lower  the  patient  by  active  depletion  ;  for,  however  high  the  fever  may  at  first 
run  (and  in  these  cases  there  is  often  febrile  disturbance  of  a  very  active 
character  for  the  first  few  days),  the  patient  soon  becomes  exhausted  and  the 
symptoms  assume  an  asthenic  type.  In  cases  of  this  kind,  which  are  of  very 
common  occurrence  in  London  practice,  more  particularly  in  hospitals,  we 
should  content  ourselves,  after  clearing  out  the  bowels,  with  keeping  the 
patient  quiet  on  a  moderately  low  diet,  and  administering  diaphoretic  salines. 
As  the  symptoms  gradually  merge  into  the  typhoid  type,  the  pulse  increasing 
in  frequency,  but  diminishing  in  power,  the  tongue  becoming  dry  and  dark, 
and  the  other  symptoms  of  asthenia  beginning  to  show  themselves,  we  must 
begin  to  give  some  stimulant  in  combination  with  the  salines.  The  carbonate 
of  ammonia  in  three  to  five  grain  doses  may  be  given  with  bark,  or  in  an 
effervescent  foim  with  bicarbonate  of  potash  and  citric  acid,  every  third  or 
fom-th  hour.  A  convenient  form  of  this  mixture  is  fifteen  grains  of  bi- 
^arljonate  of  potash  and  an  equal  quantity  of  carbonate  of  ammonia,  and 
iw-enty-five  grains  of  citric  acid.  These  must  be  thoroughly  dissolved,  the 
citric  acid  in  one  glass,  and  the  alkaline  carbonates  in  another,  each  contain- 
ing about  four  ounces  of  water.  The  two  solutions  may  then  be  mixed  and 
taken  whilst  effervescing.  The  nourishment  must  be  inci-eased  ;  and  wine  or 
alcoholic  stimulants  must  be  conjoined  with  it,  in  proportion  as  the  symptoms 
•  of  debility  become  more  and  more  marked.  In  effecting  this  change,  however, 
we  must  be  careful  not  to  run  into  the  error  of  over-stimulating  oui'  patient  ; 
this  may  be  avoided  by  observing  the  influence  exercised  on  the  pulse, 
I  tongue  and  temperature  by  the  change  in  treatment. 

In  infective  or  septic  inflammation  the  symptoms  generally  sink  rapidly 
into  an  asthenic  character,  or  from  the  very  first  assume  it,  so  that  the  only 
'  treatment  which  holds  out  a  prospect  of  saving  the  patient's  life  consists  in 
the  early  and  free  administration  of  tonics  and  stimulants,  such  as  ammonia 
and  bark,  wine,  brandy,  or  porter,  with  good  nourishment  such  as  beef-tea 
and  arrowroot  ;  and  of  these,  large  quantities  maybe  required  in  the  four- 
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aiid-twenty  hours,  the  patient  evincing  a  tendency  to  sink  whenever  tlieir  use 
is  interrupted.  Althougli  stimulants  be  freely  administered  in  these  cases, 
the  food  should  he  l)land  and  capable  of  easy  assimilation.  It  is  worse  than, 
useless  to  u'ivc  meat,  &c.,  when  the  patient  cannot  digest  it  ;  but  beef-tea,  i 
eggs,  and  farinaceous  food,  may  be  given  in  large  quantities  with  advantage. 
The  brandy-and-egg  mixture  of  the  Pharmacopoeia  is  the  best  remedy  that 
can  be  administered  in  many  cases. 

If  the  treatment  succeeds  the  tongue  becomes  moist,  the  brown  sordes 
cleai's  off  from  the  inside  of  the  mouth,  the  pulse  becomes  steady  and  full,  the 
temperature  falls,  sleep  is  procured,  and  the  strength  is  maintained.  If  there  be 
much  delirium  and  restlessness,  we  may  find  it  necessaiy  to  combine  opiates 
with  the  general  treatment.  ' 

In  the  asthenic  forms  of  inflammatory  fever,  congestive  pneumonia  and  j 
bronchitis  frequently  supervene.  In  this  comphcation,  the  following  draught 
may  be  advantageously  given  every  third  or  fourth  hour  : — li  Ammoni® 
Carbonatis  gr.  v.,  Decocti  Senegte  51  ss.  Rubefacients,  blisters,  or  dry  cupping 
may  also  be  applied  to  the  chest.  The  diarrhoea  that  not  unfrequently  occure 
must  be  met  with  opiates  and  astringents. 

The  more  I  see  of  inflammatory  f e^■er,  the  more  confidence  do  I  feel  in  this 
stimulating  plan  of  treatment,  which  is  the  only  method  of  successfully 
carrying  patients  through  the  disease  should  it  assume  the  asthenic  type. 
Fortunately,  though  its  treatment  is  not,  in  many  cases,  as  satisfactoiy  as  we 
could  wish,  its  prevention  has  of  late  years  come  to  be  much  better  imderstood. 
In  a  certain  proportion  of  cases  the  constitutional  state  of  the  patient  is  such 
that  any  inflammatory  process  will  certainly  assume  this  type,  but  in  the 
majority  of  cases,  the  special  constitutional  state  is  secondary  to  an  unhealthy 
septic  or  infective  process  going  on  in  the  seat  of  inflammation.  By  the 
prevention  of  these  unhealthy  processes  by  the  modern  treatment  of  wounds, 
and  by  the  improvement  of  the  general  hygienic  conditions  of  our  hospitals, 
rauch  has  Ijeen  done  to  prevent  the  occurrence  of  the  worst  form  of  asthenic 
inflammatory  fe^er. 

CHRONIC  INFLAMMATION. 

The  preceding  description  has  referred  solely  to  acute  inflammation,  and  it 
now  remains  to  give  a  brief  summary  uf  the  distinctive  characters  of  the 
chronic  form  of  the  jirocess  and  to  describe  its  treatment. 

Chronic  inflammation,  although  it  differs  in  its  couree,  symptoms,  and  effects 
fi'om  the  acute  form,  is  but  a  moditication  of  the  same  process.  In  acute 
inflammations,  the  essential  features  are  a  diminution  of  the  vital  activity  of 
the  walls  of  the  vessels  and  the  surrounding  tissues,  dilatation  of  the  vessels, 
with  exudation  and  infiltration  of  the  affected  area  with  new  cells,  accompanied 
by  changes  of  a  degenerative  or  destructive  charactei-  in  the  original  tissues  of 
the  jiartf  In  chronic  inflammation  all  these  phenomena  are  met  with,  but  iu 
a  lower  degree  and  less  strongly  marked,  and  it  will  be  most  convenient  to 
consider  tliem  in  the  same  order  as  iu  the  acute  process. 

The  dilatati(m  of  the  vessels  and  determination  of  blood  are  much  less.  The 
chronic  distension,  however,  lasting  as  it  may  do  for  an  indefinite  period, 
leads  to  a  permanent  loss  of  tone  and  dilatation,  especially  in  the  small  veins, 
which,  in  chronically  inflamed  parts,  can  often  be  seen  clearly  with  the  naked 
eve.    The  relaxation  of  the  arteries  is  less  complete,  and  there  is  often  a 
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tendency  to  slackened  circulation.  The  redness  of  chronic  inflammation  is 
therefore  as  a  rule  more  dusky  than  that  of  the  acute  form.  Tlie  whole  process 
being  due  to  a  slighter  degree  of  irritation,  the  impairment  of  vitality  in  the 
vascular  walls  is  not  so  great,  and  the  tendency  of  the  corpuscles  to  adhere 
and  migrate  is  consequently  much  less.  Migration,  however,  does  occur, 
but  not  to  the  extent  nor  with  the  rapidity  observed  in  acute  inflammation. 
The  exudation  that  accompanies  the  migration  is  in  the  majority  of  cases  less 
rich  in  albumen  and  in  the  constituents  of  fibrin  than  that  which  escapes  in 
acute  inflammation,  as  the  vessels,  though  allowing  more  Hquid  than  natural 
to  exude,  have  still  sufiicient  vitality  remaining  to  exert  a  selective  influence 
on  what  passes  through  their  walls.  Thus  m  c;hronic  inflammations  of  serous 
or  synovial  cavitieS;  we  frequently  find  them  distended  with  a  fluid  of  con- 
siderably lower  specific  gravity  than  that  of  the  liquor  sanguinis,  and  not 
possessing  the  power  of  spontaneous  coagulation. 

The  tissues  of  a  part  affected  by  chronic  inflammation  become,  as  in  the 
acute  process,  inflltrated  by  new  cells.  In  the  acute  process,  it  may  now  be 
said  to  be  proved  that  all  these  cells  are  white  corpuscles  that  have  migrated 
from  the  vessels,  and  possibly  multiplied  by  division  in  their  new  situation. 
In  chronic  inflammation,  although  migration  does  take  place,  it  is  doubtful 
whether  some  of  the  new  cells  may  not  be  derived  from  multiplication  of  the 
original  connective-tissue-corpuscles  of  the  part.  In  very  chronic  processes 
in  which  the  impairment  of  vitality  is  slight,  and  ]ierhaps  chiefly  aft'eeting  the 
walls  of  the  vessels,  this  does  not  seem  impossible.  Be  that  as  it  may, 
the  ne^\-  cells  which  appear  undergo  a  variety  of  changes  according  to  cir- 
cumstances. If  the  part  recovers,  they  may,  as  in  acute  inflammation, 
disappear,  either  finding  their  way  back  into  the  vessels  or  undergoing 
disintegration  and  absorption.  In  other  cases,  they  may  become  heaped  up, 
slowly  destroying  or  displacing  the  sm-rounding  tissues  tiU  they  form  a  mass, 
itffcen  of  considerable  size,  as  in  some  forms  of  chronic  inflammation  of  the 
synovial  membranes  of  joints  ;  in  these  masses  of  cells  new  vessels  are  formed, 
but  the  vascularization  of  the  new  growth  is  always  more  or  less  imperfect,  so 
that  degenerative  changes  early  set  in  for  want  of  sufficient  supply  of  nutri- 
ment. Thus,  in  chronic  inflammation  of  joints,  we  may  find,  replacing  the 
synovial  membrane,  a  soft  pulpy  mass  of  tissue,  perhaps  an  inch  in  thickness. 
The  layer  of  this,  in  nearest  relation  to  the  vessels  of  the  surrounding  healthy 
structures,  is  moderately  supplied  with  new  vessels,  and  presents  the  ordinary 
appearances  of  healthy  granulation-tissue  ;  next  to  this  is  a  layer  containing 
'  few  vessels,  and  lastly,  we  find  a  layer  in  which  the  cells  have  perished  from 
want  of  blood  supply.  If  they  are  still  recognizable  as  cells,  they  are  withered 
and  shrunken  and  fifled  with  fat-granules  ;  but  usually  they  are  in  part  afc 
least  reduced  to  a  granular  mass,  in  which  no  individual  elements  are  any 
lojiger  to  be  seen.  This  fatty  layer  may  soften  and  break  down  into  a  fluid, 
■  which  somewhat  resembles  pus  in  appearance,  but  on  microscopic  examination 
IS  found  to  contain  few,  if  any,  pus-cells.  The  collection  of  flnid  thus  formed 
is  a  chronic  or  cold  ahsccss. 

Another  fate  that  may  befall  the  accumulations  of  cells  formed  as  a  conse- 
quence of  chronic  inflammation  is,  that  after  undergoing  complete  fatty 
degeneration,  the  mass  so  formed  may  become  dry  and  cheesy  bv  the  absori> 
tioti  of  its  fluids.  The  caseous  masses  thus  formed  mav  remain  in  this  state 
tor  an  mdefitiite  period,  but  at  any  time  they  may  soften  from  causes  as  yet 
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but  imperfectly  understood.  In  the  process  of  softening,  the  cheesy  matt(  i 
undergoes  chemical  changes  which  give  it  irritating  properties  ;  and,  as  the 
result  of  this,  inflammation  of  a  more  acute  character  with  suppiu-ation  may 
be  set  up,  leading  to  ulceration  in  the  tissues  sm-rounding  it,  or  to  the  forma- 
tion of  an  abscess  which  finds  its  way  to  the  surface,  and  thus  the  caseous 
matter  may  be  eliminated  from  the  body. 

Another  change,  the  reverse  of  softening,  may  take  place,  when  the  mass  is 
of  small  size  ;  it  may  shrink  and  dry  up  more  completely,  and  lune-salts  may 
be  deposited  in  it,  forming  a  chalky  concretion,  which  remains  pennanently 
unchangeable  and  harmless.  Chronic  inflammation,  with  caseation  of  the 
inflammatory  products  often  followed  by  softening,  are  of  fi-equent  occurrence 
in  lymphatic  glands,  bones,  and  the  subcutaneous  tissue  ;  calcification  is 
occasionally  met  with  in  bone,  and  is  very  common  in  the  lymphatic  glands. 

Chronic  inflammation  gives  rise  to  yet  another  change,  differing  essentially 
from  those  already  described,  viz.,  to  an  overgrowth  of  the  connective-tissue 
of  the  affected  part,  or  fibrous  hyperplasia.  In  many  organs  and  tissues  the 
new  fibrous  tissue  causes  an  induration  to  which  the  term  "sclerosis"  is 
applied.  This  forms  the  most  marked  feature  of  many  forms  of  chronic 
inflammation,  as  in  chronic  interstitial  inflammation  of  glandular  organs, 
chronic  osteitis  and  periostitis,  chronic  arteritis,  and  clu-onic  inflammatory 
affections  of  the  skin.  Many  of  these  affections  are  so  far  removed  from 
inflammation  in  their  clinical  features,  that  some  pathologists  have  hesitated 
to  apply  that  term  to  them.  But  they  resemble  inflammation  in  being  the 
result  of  irritation,  and  in  being  characterised  by  a  diminished  vitality  of  the 
affected  part,  as  indicated  by  the  readiness  with  which  a  slight  injury  converts 
the  chronic  process  into  an  acute  inflammation  of  the  ordinary  type.  ]\Iicro- 
scopic  examination  of  tissues  or  organs  fi*om  different  cases  affected  in  this 
way,  shows  every  possible  variation  between  the  infiltration  of  the  connective 
tissue  with  innumerable  new  cells  indistinguishable  fi'om  the  wandering 
leucocytes  of  acute  inflammation,  and  probably  identical  Avith  them,  and  the 
development  of  a  tissue  composed  of  dense  rigid-looking  fibres  between  which 
are  found  a  few  elongated  cells.  In  fact,  no  sharp  line  can  be  drawn  between 
acute  interstitial  inflammation  and  the  chronic  form  with  fibroid  induration. 
In  bone,  chronic  inflammation  of  this  type  is  shown  by  thickening  of  the 
periosteum  and  formation  of  new  bone  beneath  it,  by  increased  density  or 
sclerosis  of  the  compact  tissue,  with  narrowing  or  obliteration  of  the  Haversian 
canals,  or  by  condensation  of  the  cancellous  tissue.  In  arteries,  the  growth 
takes  place  chiefly  from  the  outer  layer  of  the  inner  coat,  and  the  new  tissue 
closely  resembles  the  old  in  structure. 

The  exact  origin  of  the  new  tissue  has  never  l.)een  conclusi\-ely  proved  : 
whether  migrating  leucocytes  take  the  chief  or  any  part  in  its  production  may 
still  be  considered  an  open  question  ;  that  in  some  cases,  at  least,  the  new 
tissue  is  formed  from  the  old  seems  almost  beyond  a  doubt. 

Another  common  effect  of  chronic  inflammation  is  ulceration.  Except  in 
the  slowness  of  its  jjrogress  it  differs  in  no  respect  from  that  occurring  in 
acute  inflammation.  The  tissues  first  become  infiltrated  with  leucocytes,  M'hich 
accumulate  and  press  on  the  original  structures,  finally  destroying  them  and 
taking  their  place.  Then  in  their  turn  the  destroying  cells  perish,  break 
down,  and  come  away  mixed  with  serous  exudation  as  pus  ;  and  thus  a  gradual 
progressive  destruction  of  tissue  takes  place.    Suppuration  of  the  ordinary 
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type  often  assumed  a  chronic  form,  as  in  the  case  of  large  abscesses  proceeding 
from  the  thorax  or  abdomen,  or  from  deeply-seated  diseased  joints  or  bones. 
The  natural  tendency  of  all  abscesses  as  soon  as  they  are  opened,  is  to  fill  up 
with  granulation-tissue  and  to  close  ;  but  when  there  is  some  source  of  irrita- 
tion present,  as  decomposing  matter,  tension  from  imperfect  drainage,  or 
friction  of  one  surface  against  another,  the  granulations  break  down  into  pus 
as  quickly  as  they  grow,  and  the  process  may  thus  be  prolonged  indefinitely, 
the  only  limit  being  the  powers  of  endurance  of  the  patient. 

In  chronic  inflammations,  although  the  connective  tissue  may,  as  before 
described,  undergo  an  increased  development,  the  higher  tissues  always- suffer 
degenerative  changes — partly  as  a  result  of  the  pressure  to  wliich  they  are 
exposed  from  the  new  growth.  Thus  the  tubules  or  acini  of  a  chronically 
inflamed  gland  become  obliterated,  and  muscular  fibre  in  an  inflamed  muscle 
undergoes  fatty  degeneration.  In  this  way  the  functional  activity  of  organs 
suffering  from  chronic  inflammation  is  more  or  less  interfered  with.  The 
condition  known  as  catarrh,  or  catarrhal  inflammation,  possesses  so  many 
special  features  that  it  will  be  better  discussed  separately. 

Thus  we  see  that  chronic  inflammation,  although  differing  widely  from 
acute,  is  in  reality  an  analogous  process.  The  development  of  increased  con- 
nective tissue  is  analogous  to  the  adhesive  or  productive  form  of  acute  inflam- 
mation, and  the  formation  of  a  cheesy  centre,  or  a  chronic  abscess,  differs 
merely  in  its  chronicity  from  the  process  by  which  an  acute  abscess  arises, 
while  ulceration  and  some  forms  of  suppuration  are  the  same  processes  in  both 
forms  of  inflammation,  differing  only  in  their  rate  of  progress  and  duration. 
No  sharp  line  can  be  drawn  between  chronic  and  acute  inflammations  ;  and 
the  term  "  subacute  "  is  often  used  to  signify  processes  in  the  border-land 
between  the  two. 

Chronic  inflammations,  like  the  acute,  may  be  simple  or  infective.  Syphilis, 
tubercle  and  leprosy,  are  examples  of  infective  diseases  of  which  chronic 
inflammatory  processes  form  the  essential  pathological  features. 

Causes. — The  causes  of  chronic  inflammation  are  like  those  of  the  acute 
process,  predisposing  aud  determining.  The  predisposing  causes  are  the 
same  as  those  of  acute  inflammation  ;  anything  that  tends  to  lower  the  vitality 
and  interfere  with  healthy  nutrition,  either  generally  or  locally,  predisposes 
to  one  as  much  as  to  the  other.  Perhaps  passive  congestion  forms  the  most 
common  of  all  predisposing  causes,  and  it  is  often  difl&cult  to  draw  a  distinct 
line  between  the  non-inflammatory  changes,  the  induration  and  pigmentation 
resulting  from  congestion,  and  those  produced  by  true  chronic  inflammation, 
Certain  congenital  or  hereditary  constitutional  states  form  important  predis- 
posing causes  ;  the  most  marked  of  these  being  the  scrofulous  diathesis,  in 
which  chronic  inflammations,  especially  of  the  mucous  membranes,  glands, 
bones  and  joints,  are  very  common.  Amongst  the  acquired  constitutional 
conditions,  syphilis,  rheumatism  and  gout  form  frequent  predisposing  causes  ; 
HO  much  so,  that  in  aU  chronic  inflammations  it  is  the  duty  of  the  Surgeon  to 
bear  in  mind  the  possibility  of  one  of  these  being  present.  The  importance  of 
the  predisposing  causes  is  undoubtedly  relatively  greater  in  the  chronic  than 
in  the  acute  f(jrm  of  the  inflammatory  process,  and  this  fact  must  be  borne 
in  mind  in  the  treatment  of  the  al&ction. 

The  immediate  causes  of  chronic  inflammation  are  of  the  same  nature 
as  those  of  the  acute  process,  but  they  act  with  a  less  degree  of  intensity  aud 
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more  continuously.  So  ]oii<^-  as  the  cause  (A  the  inflammation  is  present  the 
process  cannot  subside,  in  clironic  inflammation  it  often  happens  that  the 
cause  Avhich  starts  the  process  is  of  a  temporary  charactei-,  the  pei-sistent  effect 
being-  (hie  to  other  causes  which  come  into  ])lay  at  a  latei-  ])erio(l.  Thuij  in  a 
common  ulcer  of  the  leg  the  history  of  the  case'  is  fi-equently  as  follows.  The 
patient,  possibly  ill-nourished  and  feeble  fi-om  want  of  pro])er  food,  suffers 
from  varicose  veiiis,  which  interfere  with  the  return  of  blood  from  the  skin  of 
the  leg-,  giving  rise  to  a  condition  of  jjasfeive  congestion.  As  a  result  of  this 
the  skin  of  the  leg  is  badly  nourished  and  of  low  vitality,  and  incapable  of 
mthstauding  the  effects  of  even  mild  degrees  of  iri-itation.  Sooner  or  later 
some  slight  injury,  such  as  a  scratch  or  blow,  which  woidd  be  harmless  to 
healthy  tissues,  gives  rise  to  inflammation  of  sufficient  intensity  to  reach  the 
stage  of  suppuration.  The  pus  raises  the  cuticle,  forming  a  small  pustule 
which  bursts,  leaving  a  raw  surface  beneath.  The  discharge  decomposes  and 
irritates  the  surface,  the  clothes  rub  the  ulcer,  the  muscles  working  beneath  in 
walking  move  it  about,  the  dilatation  of  the  vessels  and  the  exudation,  added 
to  the  obstruction  in  front  which  originally  gave  rise  to  the  congestion, 
jjroduoe  tension ;  and  all  these  causes  combined,  mauitain  the  inflammatoiy 
process,  the  suppuration  continues,  aud  the  sore  slowly  spreads  by  ulceration. 
In  such  a  case  as  this  the  predisposing  cause,  and  the  secondary  causes,  play 
far  the  most  important  part,  and  the  exciting  cause  that  started  the  process 
may  be  so  shght  as  almost  to  escape  notice. 

In  many  cases  the  nature  or  quantity  of  inflainmatory  products  serves 
partly  as  a  cause  of  the  persistence  of  the  process.  Thus  in  the  case  of 
inflammation  of  the  synovial  or  serous  membranes,  the  tension  caused  by  the 
effusion  of  fluid  is  sufficient  to  maintain  the  inflammatory  process  long  after 
the  original  cause  of  mischief  has  been  removed.  In  other  cases,  in  which 
formation  of  new  tissue  is  an  important  element  in  the  process,  the  feebleness 
of  the  new  growth,  its  imperfect  development,  or  its  insufficient  vascularisation 
make  it  unable  to  withstand  slight  sources  of  irritation  :  and  thus  causes  which 
A\-ould  be  harmless  to  healtliy  tissues  perpetuate  the  inflammatory  process  in 
the  new  growth  ;  or  the  new  tissue  may  perish  and,  acting  as  a  foreign  body, 
e.xcite  inflammation  in  the  tissues  in  contact  with  it. 

In  the  chronic  infective  inflammations  the  essential  cause  is  a  specific 
virus.  In  tubercle  it  may  almost  be  said  to  be  prov  ed  beyond  doubt  that  the 
virus  is  a  micro-organism — the  bacillus  tuberculosis.  But  granting  this,  it 
must  not  be  forgotten  that  numerous  accessory  causes  play  a  most  important 
part  in  the  development  of  tubercular  diseases.  Hereditary  tendency,  bad 
hygienic  surroundings,  bad  feeding,  impaired  health  from  other  diseases  as 
measles  or  whooping  cough,  and  local  damage,  may  all  act  as  predisposing 
causes,  and  not  only  is  the  development  of  the  disease  detcrnn"ned  by  these 
causes,  but  the  course  it  follows  is  influenced  in  no  less  degree.  "Whether  the 
chronic  inflammatory  pnu^ess  set  up  by  the  presence  of  tiie  bacillus  remains 
local  or  becomes  general,  whether  it  causes  fibrous  hyperjdasia,  caseation  and 
softening  with  chronic  suiipuration,  or  whether  its  ])rogress  is  rajtid  or  slow, 
does  not  depend  upon  any  variation  in  the  essential  cause,  the  bacillus,  but  in 
the  accessory  causes,  such  as  the  degi-ee  of  i-est  given  to  the  affected  jmrt,  the 
general  health  and  the  hygienic  surroundings. 

In  syphilis  the  natnrc'of  the  poison  is  not  known.  In  the  early  stages  the 
virus  itself  seems  to  be  tlio  essential  cause  of  tlie  chronic  inflammatory  iiro- 
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cesses  Avhich  form  the  pathological  features  of  the  disease,  l)ut  after  this  stage 
has  subsided  there  seems  sometimes  to  be  left  behind  an  impairment  of  the 
constitution  in  which  chronic  inflammatory  processes  are  readily  induced,  but 
in  Avhich  there  is  no  evidence  of  the  presence  of  a  virus  communicable  to  another 
individual.  Thus  syphilis  may  be  both  a  predisposing  cause  and  a  determining 
cause  of  chronic  inflammation. 

Phenomena. — The  modifications  of  colour,  size,  sensation,  function  and 
teuiperatm-e,  described  as  attendant  on  acute  inflammation,  are  present  also  in 
chronic  inflammation  ;  diflfering.  however,  in  origin  and  in  degree,  and  often 
in  order  and  combination.  The  colour  is  not  always  changed,  unless  tlie  part 
att'ected  be  very  superficial :  and  the  redness  is  rather  of  the  dull  than  oi'  the 
bright  hue,  not  depending  on  the  rapid  transmission  of  an  increased  quantity 
of  bright  blood,  but  rather  on  a  congestive  condition.  The  affected  tissue  may 
l)ecome  permanently  discoloured  by  the  escape  of  large  numbers  of  red  blood- 
corpuscles,  Avhich  break  up  and  are  imperfectly  absorbed,  lea^'ing  the  pigment 
behind.  The  pain  is  not  often  spontaneously  acute,  but  partakes  generally  of 
the  character  of  tenderness,  being  elicited  only  by  pressure  :  sometimes,  how- 
ever, the  pain  is  very  severe.  The  increase  of  lem/wraturf  is  usually  wanting, 
and  is  never  great.  SiveJling  is  au  early  and  most  important  sign  in  chronic 
inflammation.  It  depends  less  on  the  enlargement  of  the  vessels  tlian  on  the' 
effusion  whicli  takes  place,  and  the  production  of  new  tissue  which  often 
constitutes  the  distinctive  characteristic  of  the  disease. 

CoxsTiTUTiONAL  SYMPTOMS, — These  are  less  marked  in  chronic  than  in 
acute  inflammation.  The  patient  is  in  most  cases,  however,  iji  impaired 
health  :  being,  in  many  instances,  affected  with  some  constitutional  taint 
which  has  had  its  influence  in  producing  or  maintaining  the  chronic  character 
of  the  inflammation.  In  all  cases  in  which  there  is  chronic  suppuration,  and 
in  most  of  the  chronic  infective  inflammations,  the  pulse  will  be  found  to  be 
abo\e  the  normal  standard,  and  slight  febrile  disturbance,  often  of  a  distinctly 
periodic  character,  is  usually  present.  In  these  cases  the  temperature  should 
be  closely  watched,  and  a  rise  towards  evening  especially  noted  as  an  important 
indication  of  a  smouldering  inflammatory  process. 

Treatment.  (Constitutional. — In  chronic  inflammation,  so-called  active 
anti])hlogistic  treatment,  such  as  has  been  described  as  sometimes  useful  in  the 
acute  affection,  is  never  required.  It  is  true  that  the  same  means  are 
employed  in  arresting  the  chronic  as  in  cutting  short  the  acute  form  of 
the  disease,  but  they  are  used  in  a  less  energetic  manner  ;  our  object  being  to 
induce  a  gradual  and  continuous  improvement  in  the  state  of  the  system  and 
of  the  diseased  part.  Local  nutrition  is  always  deeply  modified  in  chronic 
inflammation  ;  and  it  can  be  restored  to  its  normal  condition  only  by 
imi)roving  the  patient's  general  health,  and  at  the  same  time  producing  an 
imjjression  on  the  part  itself  by  appropriate  topical  means.  Hence,  in  the 
treatment  of  chronic  inflammation,  hygienic  measures  are  of  the  first  conse- 
quence. In  most  cases,  nothing  cnn  be  done  without  proper  attention  to 
these  :  and  much  can  be  done  by  these  that  cannot  be  ettected  by  any  more 
direct  medicinal  means.  The  treatment  of  this  form  of  inflammation  must 
likewise  be  varied  according  as  it  is  uncomplicated,  occurring  in  an  otherwise 
healthy  constitution  ;  or  as  it  assumes  a  cong(;Btive  or  passive  character  in  a 
cachectic  and  feeble  system  ;  or  as  it  is  met  with,  affecting  a  si)ccific  Coi'm  in 
an  uidiealthy  constitution. 
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Ill  the  majority  of  chronic,  as  of  acute  inflammations,  it  is  necessary  to 
give  rest  to  the  affected  part,  as  in  white  swelling  of  a  joint,  or  disease  of  the 
vertebras,  but  as  a  rule  confinement  to  bed  should  be  avoided  if  possible. 
The  patient  should  be  in  pure  air  ;  sea-air  being  especially  useful  in  all 
tubercular  or  scrofulous  inflammations.  The  patient  should  be  warmly 
clothed.  The  action  of  the  bowels  should  be  regulated  if  necessary  liy 
purgatives.  Attention  to  the  diet  is  of  much  consequence  ;  it  should  iu 
aU  cases  be  light  and  unstimulating  ;  sufficient  in  quantity,  but  not  excessive. 
Alcoholic  drinks  are  often  useful  in  encouraging  appetite  and  aiding  digestion, 
and  in  the  chronic  suppurative  inflammations  they  are  frequently  required 
as  stimulants  when  the  discharge  is  prolonged  and  copious.  In  gouty 
inflammations,  and  in  most  of  those  due  to  rheumatism,  wine  and  beer  should 
be  avoided ;  distiUed  alcoholic  drinks  only  being  allowed,  and  those  in  small 
quantity. 

Cod-liver  oil,  which  may  be  regarded  rather  as  an  article  of  diet  than  a 
medicine,  is  often  of  the  greatest  value  in  strumous  or  tubercular  inflammations, 
especially  in  children  and  young  people,  when  debilitated,  emaciated  or 
cachectic.  It  may  be  given  in  milk,  or  in  orange- wine,  or  orange  juice  to 
cover  its  taste.  It  should  always  be  given  after  meals,  and  when  anemia  is 
present,  it  may  be  advantageously  conjoined  with  the  preparations  of  iron. 
When,  as  is  so  often  the  case,  the  chronic  inflammation  is  due  to  some  definite 
constitutional  affection,  such  as  gout,  rheumatism,  or  syphilis,  the  general 
treatment  is  of  even  greater  importance  than  the  local,  and  must  of  course 
be  directed  to  the  special  condition  ;  as  for  example,  sahne  pm-gatives  and 
colchicum  for  gout,  salicylate  of  soda  for  rheumatism,  and  mercury  and  iodide 
of  potassium  for  syphilis. 

Mercury,  given  in  small  doses  for  a  considerable  length  of  time,  until  the 
gums  are  slightly  affected,  is  often  of  use,  even  in  cases  not  definitely  syphi- 
litic in  origin.  It  seems,  in  some  cases,  not  only  to  arrest  the  progress  of  the 
disease  but  to  hasten  the  absorption  of  the  exudation  and  to  aid  in  removing 
thickening,  sclerosis  or  opacity  of  the  affected  part.  It  should,  however,  on 
no  account  be  given  in  cachectic  or  strumous  constitutions,  or  for  tubercular 
disease  of  any  land.  The  most  useful  prepai-ations  are  calomel  or  grey  powder 
in  gi-ain  doses,  or,  if  a  gradual  or  continuous  cftect  be  required,  the  perchloridc 
in  doses  of  one-sixteenth  to  one-twelfth  of  a  grain  may  be  given,  conjoined 
with  iron  or  cinchona  if  the  patient's  general  health  is  somewhat  depressed. 

Iodide  of  potassium  is  an  alterative  and  absorbent  of  the  greatest  value, 
especially  in  the  chrouic  inflammations  of  fibrous  or  osseous  tissues,  or  of  the 
glands,  occurring  in  strumous  constitutions.  In  many  cases  it  is  of  essential 
service  after  a  mercurial  course  ;  some  days  shoiUd,  however,  be  allowed  to 
elapse  after  the  mercury  is  discontinued  l)efore  the  iodide  is  given,  otherwise 

salivation  may  result.  •   -c.    i  j 

Various  natural  sulphur  waters,  such  as  those  of  Harrogate  in  England, 
Aix-la-Chapclle  in  Germany,  Aix-les-Bains  in  Saxony,  and  the  baths  of  the 
Pyrenees  have  always  enjoyed  a  great  reputation  in  the  treatment  of  chrouic 
inflammations,  whether  syphilitic,  rheumatic  or  strumous.  The  treatment 
consists  in  hot  bathing,  combined  with  the  internal  administration  of  tbe 
waters.  In  syphilitic  diseases  mercury  is  given  at  the  same  time  by 
inunction. 

The  sulphides  of  calcium  and  potassium,  especially  the  former,  given 
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ill  small  doses,  haA-e  been  recommendecl^  by  Eiuger  as  a  substitute  for  the 
jiatural  sulphur  waters.  He  states  that  they  are  particularly  useful  in  the 
chronic  inflammations  of  scrofulous  subjects,  when  there  is  a  tendency  to 
caseation  of  the  inflammatory  products,  and  slo\\'  elimination  by  softening  and 
suppuration.  In  such  conditions  they  hasten  the  process  and  shorten  the 
course  of  the  disease.  Einger  recommends  for  a  child  a  mixture  of  much  the 
same  strength  as  the  Harrogate  waters — viz.,  one  grain  of  the  sulphide  of 
calcium  dissolved  in  half  a  pint  of  water,  and  of  this  one  teaspoonful  may  be 
taken  hourly.  In  adults,  in  whom  this  mode  of  administering  medicine  is 
seldom  possible,  a  pill  containing  one  quarter  to  one  third  of  a  grain  of  the 
sulphide  may  be  taken  three  times  a  day. 

Other  mineral  waters,  taken  internally  or  used  as  baths,  deservedly 
enjoy  a  great  reputation  in  the  treatment  of  many  chronic  inflammatory 
affections,  the  particular  bath  to  be  recommended  depending  upon  the  consti- 
tutional condition  which  forms  the  predisposing  cause  of  the  disease.  Thus 
for  aniEmia  and  general  debility  iron  waters,  such  as  those  of  Tunbridge  Wells 
in  England,  the  Kniebis  baths  in  the  Black  Forest,  or  Schwalbach  ;  for  gout, 
alkaline  waters  such  as  those  of  Vichy  in  France,  or  purgative  waters,  such 
as  Carlsbad,  or  neutral  waters  such  as  Bath  or  Homburg  ;  and  for  rheuma- 
tism, Buxton  and  Bath.  In  many  chronic  diseases  of  joints,  hot  salt  baths, 
either  of  sea-water,  artificial  solution  of  salt  or  the  natural  brine  springs  of 
Droitwich,  are  very  useful. 

Local  Treatment  of  Chronic  Inflammation. — In  chronic  inflammation, 
om-  local  means  of  treatment  are  much  more  varied  than  in  the  acute  form  of 
the  disease. 

Local  Blood-letting  is  occasionally  required  with  a  view  of  directly  un- 
loading the  vessels  of  the  part ;  and  this  is  accomplished  by  scarification, 
leeching,  or  cupping.  Scarification  is  employed  principally  in  chronic  inflam- 
mation of  the  mucous  membranes. 

Warmtli  and  Moisture  are  not  so  serviceable  in  clu'onic  as  in  acute 
inflammation,  and  care  should  be  taken  that  they  be  not  continued  for  so  long 
a  time  as  to  make  the  parts  sodden.  An  astringent  or  stimulant,  such  as  liquor 
phimbi  or  spirits  of  wine,  may  often  advantageously  be  added  to  the  warm 
application. 

Cold  is  seldom  required  in  any  but  the  very  chronic  forms  of  inflammation, 
in  which  there  are  debility  and  passive  congestion  of  the  vessels  of  the  part. 
In  order  to  remove  this  state  of  things,  its  appHcation  should  not  be  con- 
tinuous, but  should  be  made  twice  or  thrice  a  day,  so  as  to  occasion  a  sudden 
shock,  and  produce  a  constringing  efi:ect  upon  the  enfeebled  vessels.  This  is 
best  done  by  pumping  or  pouring  cold  water  from  a  height,  or  by  douching, 
and  should  be  followed  by  active  friction. 

Friction,  Rubbing  or  Massage  is  often  of  great  service  in  some  o 
the  forms  of  congestive  inflammation  by  hastening  the  circulation  and  im- 
provmg  the  nutrition  of  the  affected  part.  In  the  later  stages  it  is  of 
great  use  in  removing  the  thickciiing,  stiffening  or  induration  that  may 
result  from  chronic  inflammations.  Rubbing  may  be  practised  with  simple 
oil,  or  if  It  18  desired  to  ]iroduce  more  marked  hypcra3mia  of  the  skin 
some  stimulating  embrocation  may  be  used.  There  is  considerable  art 
m  rubbing,  and  when  the  patient  can  afford  it  a  professional  rubber' will 
usually  be  found  more  efficient  than  an  amateur. 
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Counter-irritants  are  local  apjjlicabious  whieli  give  rise  to  iiTitatiou  of 
the  skill  of  varying  intensity  according  to  their  nature,  the  mildest  forniB 
caiising  mei'ely  a  passing  dilatation  of  the  cutaneous  vessels,  as  the  ajjplication 
of  a  camphor  hniment,  and  the  most  severe  pr(jducing  destmction  of  the  skin 
and  even  of  part  of  the  subcutaneous  tissue,  as  the  actual  cautery  or  an  issue. 
The  vahie  of  counter-irritants  is  recognised  by  all  practical  Surgeons, 
and  they  are  undoubtedly  amongst  the  most  effective  local  means  that  we 
possess  for  combating  chronic  inflammation  ;  yet  their  mode  of  action  is 
difficult  to  explain.  The  old  theory  that  by  exciting  a  local  inflammation  in 
the  skin  it  was  possilile  to  draw  the  disease  away  from  the  deeper  and  more 
important  parts  is  no  longer  tenable  ;  the  theory  that  l)y  stimulation  of  the 
sensory  nerves  of  the  skin  a  dilatation  of  the  superficial  vessels  is  produced, 
accompanied  hj  a  corresponding  contraction  in  the  deeper  parts,  cannot  be 
supported  by  scientific  evidence  ;  in  fact,  as  Bilh-oth  has  pointed  out,  it  is 
probable  that  in  many  cases,  especially  in  extremely  sluggish  chronic  inflam- 
mations, the  good  produced  is  probably  rather  by  an  increased  afflux  of  blood 
to  the  affected  part  than  by  a  diminution  of  the  blood  supply.  Most  connter- 
kritants  are  applied  solely  with  the  intention  of  causing  a  certain  degree  of 
hypereemia  or  of  inflammation  in  the  part  of  the  skin  on  which  they  are 
placed,  while  others  exert,  or  are  supposed  to  exert,  at  the  same  time  a  consti- 
tutional effect,  being  absorbed  into  the  system  from  the  cutaneous  surface. 
Counter-ii-ritants  are  classed  according  to  the  degree  of  local  irritation  they 
give  rise  to. 

Rubefacients  are  those  that  cause  merely  dilatation  of  the  vessels  of  the 
part  to  which  they  are  applied.  Hot  fomentations  and  linseed-meal  poultices, 
although  not  usually  classed  amongst  rubefacients,  certainly  cause  dilatation 
of  the  vessels.  Friction  with  S(jme  stimulating  embrocation  produces  hyperaimia, 
lasting  for  a  longer  time,  and  is  useful  in  promoting  the  absorption  of  chronic 
inflammatory  products,  such  as  the  thickening  left  round  a  joint  after  all  in- 
flaminatory  disturbance  has  subsided.  They  undoubtedly  act  by  causing  a 
general  afflux  of  blood  to  the  limb.  Camphor-liniment  or,  if  a  stronger 
action  is  required,  the  compound  camphor-liniment  is  that  most  frequently 
used.  The  ordinary  mustard  poultices  or  Rigollot's  mustard-leaves  produce 
the  lowest  possible  degree  of  true  inflammation,  but  if  ])ropci-ly  applied 
there  is  no  blistering  of  the  skin,  although  there  may  be  slight  oedema  followed 
by  desquamation  of  the  cuticle.  Mustard  poultices  are  but  little  used  in^ 
surgery.  They  are  more  commonly  applied  to  the  trunk  for  the  relief  of 
hyperiemia  of  internal  organs.  Oil  of  turpentine  sprinkled  over  flannels 
wrun'J-  out  of  hot  water  is  another  common  rubefacient. 

Vesicants  ai*e  those  a]jplications  which  cause  a  degree  of  inflanmiatioii 
sufficient  to  give  rise  to  abundant  exudation,  which  raises  the  corneous  layer 
of  the  cuticle  fi-om  tlie  Malpigbian  layer  Ijeneath,  thus  forming  a  bleb  or 
blister.  A^esicauts  are  extensively  used  in  surgery  to  promote  absorption  ol 
the  products  of  chronic  inflammation,  and  in  some  cases  to  check  the  process, 
as  in  tlie  application  of  l)Iisters  in  chronic  synovitis  or  periostitis,  or  to  the 
perineum  in  chronic  jirostatitis. 

Although  there  are  other  means  of  producing  vesication,  practically  the 
preparations  of  cantharides  are  the  only  blisiering  agents  employed  ;  of  these 
the  two  most  common  are  the  Emplastrum  Cantharidis,  or  common  Fly-l)lister, 
and  the  Liquor  Epispasticns.    The  former  is  applied  to  surfaces  free  from 
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hair,  the  latfcoi'  to  the  scalp  or  perineum.  In  applying-  a  blister,  (jr  the  liquor 
epispasticus,  it  is  essential  that  the  part  should  be  as  fi'ee  from  grease  as 
possible,  and  for  this  purpose  it  must  be  washed  with  soap  and  liot  water,  and 
.afterwards,  if  it  can  be  conveniently  done,  sponged  over  with  a  very  dilute 
solution  of  ammonia,  before  tlie  blister  is  put  on.  The  blister  should  rise 
in  from  eight  to  twelve  hours.  When  the  bleb  is  fully  formed,  if  it  is 
not  intended  to  jirolong  the  action,  it  should  be  carefully  pricked  Avith  a 
needle,  but  the  cuti(iie  should  not  be  removed.  It  should  then  be  covered 
with  cotton-wool  and  a  bandage,  or  a  little  simple  ointment  on  a  j)iece  of 
hnen.  If  it  be  desired  to  prolong  the  counter-irritation,  the  cuticle  may  be 
removed,  and  the  raw  surface  dressed  with  savin  ointment,  by  which  means 
it  may  be  kept  open  as  long  as  is  wished. 

A  bhster  does  not,  as  a  rule,  leave  a  scar  ;  but  it  may  do  so,  and  it  is  well 
therefore  not  to  apply  it  to  the  face  or  ha,iids  if  it  can  be  avoided.  The  extent 
of  surface  to  which  it  is  applied  must  not  exceed  a  few  square  inches,  foi'  there 
is  some  danger  of  the  abscnption  of  the  cantharidine,  and  of  consequent  con- 
gestion of  the  kidneys,  hajmaturia,  and  strangury.  This  will  of  course  happen 
more  readily  if  there  be  a  raw  surface  beneath  the  plaster.  Blisters  must 
always  be  used  with  great  caution  in  very  old  or  feeble  subjects,  and  in  those 
suffering  from  Bright's  disease,  or  any  other  serious  visceral  affection,  as  in 
such  cases  they  occasionally  cause  sloughing. 

Suppurants  or  Pyogenic  counter-irritants  are  those  agents  which  are 
of  sufficieut  intensity  to  give  i-ise  to  inflammation  reaching  the  stage  of  sup- 
puration. The  most  common  of  these  are  croton  oil,  issues,  setons,  and  the 
actual  cautery. 

Issues  are  now  rarely,  if  ever,  used,  though  formerly  they  A\'ere  very  com- 
monly recommended  hi  chronic  inflammatory  diseases  of  joints,  bones,  and 
internal  organs.  They  were  made  in  the  following  manner.  "  A  piece  of  adhe- 
sive plaster,  about  two  inches  square,  having  a  hole  of  the  size  of  a  shilling  cut 
in  its  middle,  was  fixed  upon  the  ]3art  A\iiere  the  issue  was  to  be  made  ;  a  piece 
of  potassa  fusa,  about  the  size  of  half  !i  cherry-stone,  was  then  placed  on  the 
sui-face  left  unco\-ere(l  by  the  circular  central  aperture,  a  square  i^iece  of  plaster 
being  laid  over  all.  On  removing  the  plasters  after  a  few  hours,  a  black  slough, 
coiTespouding  in  size  to  the  central  aperture,  was  found.  Water  dressing  was 
applied  for  a  few  days,  until  it  separated,  and  the  raw  surface  was  then  dressed 
with  savin  ointment,  or  stimulated  by  an  issue-bead  or  pea.  Whenever  it 
showed  a  tendency  to  heal,  it  was  kept  open  by  an  occasional  application  of 
potassa  fusa.    An  issue  was  thus  often  Icept  open  for  months. 

A  Seton  is  now  rarely  used,  except  in  some  diseases  of  the  eye.  The  seton 
may  most  couN-eniently  be  made  in  the  following  way  (Fig.  86).  A  fold  of 
skin  abont  two  inches  or  less  in  l)readth  is  pinched  up,  and  its  base  transfixed 
by  a  narrow-bladed  l)istouiy.  The  blunt  end  of  an  eyed  probe,  threaded  with 
one  or  more  threads  of  thick,  well -waxed  silk,  is  next  pushed  along  the  back  of 
the  blade  from  heel  to  point ;  and  the  bistoury  being  withdrawn  as  the  probe 
18  earned  onwards,  the  seton  is  loft  in  the  wound.  Water  dressing  should  then 
be  applied. 

The  Actual  Cautery  is  very  successful  in  chronic  inflammation  of  joints 
'  before  destruction  of  the  .cartilages  has  set  in,  and  it  is  esjiecially  useful  when 
there  is  great  pam  with  nocturnal  startings.    The  relief  obtained  by  its  use  is 
ottcn  mimedurte  .-md  i.ennancnt.    Ir,  tli.;  application  of  the  cautery  it  is  the 


2  24         LOCAL  DISTURBANCES  AND  INFLAMMATION. 


object  of  the  Surgeon  to  destroy  the  cuticle  and  the  tips  of  the  papilla?,  but 
to  leave  the  deeper  structures  of  the  skin  uninjured,  so  that  there  shall  be  no 
contraction  of  the  scar  when  the  sore  is  healed. 

For  this  purpose  the  cauterising  iron  should  be  of  a  dull  red  heat,  and  must 
be  quickly  di-awn  in  lines  crossing  one  another  over  the  part.  Paquelin's 
Thermo-Cautery  is  on  the  whole  the  most  manageable  and  the  cleanest  form 
that  can  be  used.    The  barbarous  application  known  as  a  moxa,  which  con- 


sisted of  cotton  or  pith  soaked  in  saltpetre  and  allowed  to  bum  upon  the  skin, 
is  now  no  longer  used  in  this  country. 

Two  counter-irritants  in  addition  to  their  local  action  produce  constitutional 
effects  when  absorbed  fi'om  the  surface  to  wliich  they  are  applied — viz..  Iodine 
and  Mercury. 

Iodine  is  most  commonly  applied  in  the  fonn  of  tincture  ;  it  should  be 
painted  over  the  inflamed  part  twice  a  day  till  the  skin  becomes  a  little 
sore.  This  may  be  continued  for  weeks  or  months  according  to  circumstances. 
It  is  no  doubt  a  useful  means  of  promoting  the  absorption  of  chronic  inflam- 
matory products,  but  the  powers  popularly  ascribed  to  it  are  certainly  far 
greater  than  it  really  possesses.  The  liniment  is  less  frequently  used,  being  a 
much  stronger  preparation,  one  application  of  which  will  often  cause  vesication. 
The  iodine  or  iodide  of  lead  ointment  may  be  applied  in  cases  in  which  a  some- 
what stronger  action  than  that  of  the  tincture  is  desired,  but  they  are  not 
cleanly  applications,  and  are  not  usually  to  be  recommended. 

Mercury  is  applied  locally  in  many  forms  to  promote  the  absorption  of  the 
products  of  chronic  inflammation  and  in  the  treatment  of  the  process.  One  of 
the  most  cominon  modes  of  applying  it  to  chronically  inflamed  joints  is  by  the 
method  known  as  Scott's  di-essing.  This  consists  in  spreading  a  thin  layer  of 
the  compound  mercm-ial  ointment  on  a  piece  of  lint  of  sufficient  size  to  sur- 
round the  joint.  Over  this  strapping  is  evenly  aj^plied  so  as  to  exert  a  uniform 
pressure.  In  other  cases  the  mercurial  liniment  or  simple  mercurial  ointment 
may  be  of  use.  Marshall  has  introduced  an  elegant  preparation  composed  of 
the  precipitated  mercuric  oxide  dissoh'ed  in  oleic  acid.  There  is  thus  formed 
a  definite  oleate  of  mercury  which  is  soluble  in  an  excess  of  oleic  acid.  A 
solution  made  in  this  way  containing  five  per  cent,  of  the  oxide  is  a  clean 
liquid  ;  when  the  oxide  is  increased  to  twenty  per  cent,  it  forms  a  solid 
unctuous  substance,  melting  readily  at  the  temperatui-e  of  the  body.  As  the 
oleate  of  mercury  is  slightly  irritating  to  the  skin,  one  grain  of  mor])hia  may 
be  added  to  each  drachm.    Marshall  states  tliat  his  experience  of  the  use  of 


Fig.  8li. — Introductiou  of  a  Stton. 
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this  preparation  in  all  forms  of  chronic  inflammation  has  been  very  favourable. 
It  is  cleaner,  more  diifusible,  more  readily  absorbed,  and  more  efficacious  than 
any  other  mercurial  application.  The  very  fact,  however,  that  it  is  so  readily 
absorbed  forbids  our  using  it  in  scrofulous  subjects,  who  always  stand  mercury 
badly.  Ten  to  thirty  drops  of  the  oleate,  melted  if  necessary  by  a  very  gentle 
heat,  and  applied  with  a  camel's  hair  pencil,  are  quite  sufficient  for  one 
application. 

Astringents  directly  applied  to  the  inflamed  parts  are  of  the  greatest  service 
in  those  forms  of  congestive  or  passive  inflammation  in  which  the  circulation  is 
sluggish  and  the  capillaries  loaded  ;  they  aff'ord  reUef  in  these  cases  by  induc- 
ing contraction  of  the  vessels.  In  order  to  ensure  their  proper  action,  they  must 
be  employed  of  suificient  strength  ;  for  if  too  weak  they  irritate,  and  increase 
rather  than  relieve  the  congested  condition.  The  nitrate  of  silver  is  the  astrin- 
gent that  is  commonly  preferred  ;  this  may  be  applied  either  solid  or  in  a 
solution  containing  from  ten  grains  to  one  drachm  of  the  salt  in  one  ounce  of 
distilled  water,  and  will  produce  a  very  marked  beneficial  influence  in  conges- 
tive inflammation  of  mucous,  and  occasionally  of  cutaneous,  surfaces. 

Pressure  by  means  of  well-applied  bandages,  elastic  webbing,  or  strapping, 
is  of  essential  service  in  supporting  the  feeble  vessels  in  congestive  inflam- 
mations. In  many  cases  pressure  may  be  advantageously  conjoined  with 
absorbents  and  rubefacients,  as  mercurial  and  camphor  liniments,  or  the 
plasliCr  of  mercury  and  ammoniacum.  This  treatment,  by  removing  conges- 
tion, and  promoting  the  absorption  of  inflammatory  effusion,  is  especially 
useful  in  chronic  forms  of  inflammation  accompanied  by  thickening  of  parts, 
as  in  the  joints  and  testes. 

CATABRHAL  INFLAMMATION. 

Catarrh  or  catarrhal  inflammation  is  a  form  of  the  process  of  inflammation 
aft'^^cting  mucous  membranes  and  other  epithelium-covered  surfaces.  All  these 
are  liable  like  other  structures  to  traumatic  inflammations  of  the  ordinary  type, 
in  which  as  a  consequence  of  the  action  of  some  irritant,  the  vessels  dihxte,  the 
circulation  is  retarded,  the  white  corpuscles  migrate  and  the  liquor  sanguinis 
exudes,  and  the  functional  activity  of  the  original  cells  is  suspended  or  per- 
manently abolished.  The  peculiarity  of  the  catarrlial  form,  however,  consists 
in  the  fact  that  although  the  vessels  are  dilated  and  exudation  of  blood-plasma 
and  even  tlie  abundant  escape  of  white  corpuscles  is  taking  place,  yet  the 
epithelium  continues  to  exist  and  perform  its  function,  and  in  most  cases  its 
cells  multiply  with  unnatural  rapidity.  Catarrh  may  arise  from  the  direct 
applicati(ni  of  an  irritant  to  the  surface  of  the  mucous  membrane,  as  in  the 
case  of  decomposing  urine  irritating  the  bladder  or  of  gonorrhoeal  pus  acting 
on  the  urethra.  That  in  these  cases  the  vessels  of  the  corium  and  the  sub- 
mucous tissue  should  show  signs  of  damage,  by  their  giving  exit  to  an  abun- 
dant exudation  and  by  the  white  corpuscles  passing  through  their  walls,  while 
the  epithelium  is  comparatively  uninjured,  showing  signs  rather  of  stimulation 
than  of  impaired  funcliun,  at  first  seems  rather  inexplicable.  It  must  not  be 
forgotten,  however,  that  epithelium  is  a  structure  which  possesses  in  a  high 
degree  the  power  of  resisting  external  injurious  influences;  and  it  is  quite 
conceivable,  therefore,  that  a  cause  which  exerts  no  more  than  a  stimulating 
action  on  the  epithelium  may,  if  it  penetrate  to  the  parts  beneath,  give  rise  to 
the  phenomena  of  inflammation. 
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Ill  other  cases  the  cause  ol  catarrh  is  not  so  clear,  as  when  a  patient  is 
attacked  by  broncliitis,  catarrlial  nejjhritis,  or  cystitis,  as  the  result  of  "  catch- 
ing cold."  Iji  these  cases  it  is  probable  that  tlie  contraction  of  the  cutaneous 
vessels  causes  hypera^mia  of  the  internal  organs,  but  hyjjerajinia  alone  is  not 
sufficient  to  cause  catarrh  ;  probably  the  inflammation  is  due  in  part,  at  least 
in  the  case  of  the  lung  and  kidney,  to  increased  work  thrown  upon  these  organs 
in  the  elimination  of  those  products  of  tissue-change  which  should  be  given 
off  by  the  skin.  Out'  knowledge  is  not,  however,  as  yet  sufficient  to  explain 
rationally  the  origin  of  all  catarrhal  inflammations. 

The  clianges  in  the  affected  membrane  depend  on  the  degree  of  the  process. 
In  the  mildest  form  there  is  some  swelling  due  to  exudation  of  serum.  This 
partly  distends  the  loose  submucous  tissue,  and  drains  off  by  the  lymphatics, 
and  ])artly  flows  aM^ay  from  the  surface  of  the  membrane.  At  the  same  time 
the  cells  of  the  epithelium  multiply  more  quiclcly  than  natural,  and  many 
are  loosened  and  come  away  with  the  discharge.  In  all  mucous  membranes 
there  is  an  exaggerated  formation  of  mucus  during  catarrh,  and  this  increased 
secretion  forms  the  most  marked  clinical  feature  of  the  milder  form  of  the 
affection. 

In  more  intense  catarrhal  inflammations,  or  purulent  catarrh,  the  vessels 
of  the  corium  of  the  mucous  membrane  are  widely  dilated,  and  the  flow  through 
them  is  retarded  ;  liquid  exudation  is  more  copious,  and  the  white  corpuscles 
migrate  abundantly.  The  leucocytes,  which  thus  leave  the  vessels,  wander 
amongst  and  through  the  epithelium-cells,  the  natural  cohesion  of  which  is 
somewhat  loosened,  and  escape  on  the  surface,  forming  with  the  liquid  exuda- 
tion a  purulent  discharge.  The  discharge  in  such  a  case,  if  examined  micro- 
scopically, will  be  found  to  contain — numerous  amoeboid  cells,  presenting  the 
usual  appearance  of  white  blood-corpuscles  ;  ordinary  pus-cells,  round  and 
granular  with  the  tripartite  nucleus ;  and  epithelium-cells,  some  fuUy  developed 
and  corresponding  in  form  to  that  natural  to  the  affected  membrane,  some 
of  rounded  form,  young  and  imperfectly  developed,  and  others  containing  a 
large  transparent  globule  of  mucus.  A  microscopic  examination  of  a  section 
of  the  membrane  shows,  that  in  spite  of  the  abundant  discharge  of  pus  there 
is  no  raw  surface  ;  everywhere  it  is  covered  by  epithelium.  The  wandering 
cells  can  be  seen  in  the  corium  round  the  vessels  and  immediately  beneath  the 
epithelium.  Some  of  the  epithelium-cells  will  be  found  to  contain  within 
them  several  bodies  identical  with  pus-corpuscles.  These  Avere  supposed  by 
Rindfleisch  to  show  that  the  pus  in  purulent  catarrh  was  formed  by  endogenous 
cell  formation  from  the  epithelium-cells.  Later  observations,  however,  have 
tended  to  prove  that  these  aj)parent  mother-cells  are  in  reality  dead  or  dying 
epithelium-cells,  which  have  been  penetrated  by  wandering  leucocytes.  AVan- 
dering  leucocytes  are  also  found  penetrating  between  the  individual  oj)ithe- 
lium-cells. 

Although  in  purulent  catarrhal  inflammation  there  need  be  no  ulceration, 
the  above  description  shows  hoM^  readily  one  process  may  be  converted  into 
the  other.  Tlie  adhesion  of  the  epithelium-cells  to  each  other,  and  to  the 
corium,  is  always  loosened  in  the  more  severe  forms  of  catarrh  :  should  the 
loosely  adherent  epithelial  layer  be  accidentally  removed  by  violence  from 
without,  or  separated  by  exaggerated  cell-migration  beneath,  a  small  ulcer  will 
be  the  result. 

Varieties  of  Catarrh. — OataiTh,  like  other  forms  of  inflammation,  may 
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be  aoule  or  chrome.  The  chronic  form  is  very  frequently  associated  with 
,  .assive  hypertemia  of  the  part  aifected.  It  may  also  be  simple,  as  m  bronchitis, 
or  MicUve,  as  in  purulent  ophthahnia  or  gonorrhoea.  The  thick  muco- 
,)arulent  secretion  that  forms  on  the  sui-face  of  a  mucous  membrane  durmg 
■I  simple  catarrh  frequently  serves  as  a  nidus  for  the  growth  of  microscopic 
oro-anisms,  and  the  fermentative  changes  these  set  up  give  rise  to  products 
which  mav  prolong  the  irritation,  and  cause  it  to  spread  almost  indefinitely. 

Symptoms.— Eedness  of  the  affected  surface,  with  slight  swelling  and  an 
abundant  secretion  varying  from  a  pure  serous  to  a  thick  muco-puruleut  fluid 
form  the  most  marked  clinical  features  of  a  catarrhal  inflammation,  ihe  heat 
is  usuaUy  moderate,  and  pain  is  not  a  marked  symptom  except  m  the  more 
acute  forms,  as  in  purulent  ophthalmia.  The  constitutional  symptoms  vary 
with  the  acuteness  of  the  process  and  the  part  affected.  As  a  rule,  only  the 
most  acute  forms  of  catarrh  give  rise  to  any  elevation  of  temperature,  ihe 
absence  of  fever  may  possibly  be  accounted  for  by  the  fact  that  the  exudation 
drains  away  fi-om  the  surface  and  but  little  finds  its  way  back'  into  the  blood- 
stream. ^  1   ^i.   1  +• 

Parts  which  have  suffered  from  chronic  catarrh,  or  from  repeated  attacks  ot 
the  acute  form,  usually  become  more  or  less  pigmented,  and  the  suh-mucous 
tissue  is  thickened  and  indurated.  These  signs  are  well  seen  in  the  mucous 
membrane  of  the  hladder  in  cases  of  old  stricture  or  stone. 

The  treatment  of  catarrhal  inflammation  ])resents  little  that  requires 
special  notice.  In  the  more  acute  forms  warmth  and  moisture,  and  above  all 
removal  of  the  discharge  and  prevention  of  its  decomposition,  form  the  most 
important  means  of  treatment.  Belladonna  is  often  of  use  locally  in  dimin- 
ishing pain  and  promoting  contraction  of  the  small  arteries.  In  chronic 
catarrh,  removal  of  the  secretion  and  clean hn ess  with  the  use  of  astringents, 
such  as  nitrate  of  silver,  acetate  of  lead,  sulphate  of  copper  or  tannin,  form 
the  chief  treatment.  Any  constitutional  condition  such  as  scrofula  or  gout 
must  be  searched  for  and  treated  if  found. 
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CHAPTER  V. 
— 4 — 

SUPPURATION  AND  ABSCESS. 

Suppuration,  or  the  formation  of  pus,  has  already  been  described  in  the 
Chapter  on  Inflammation.  It  was' there  pointed  out  that  the  process  consists 
of  a  continuance  and  exaggeration  of  one  of  the  factors  of  inflammation — the 
migration  of  the  white  corpuscles.  The  wandering  cells  accumulate  outside 
the  vessels,  and  possibly  multiply  by  division  in  their  new  situation,  but  this 
is  extremely  doubtful ;  as  the  accumulation  increases,  the  original  tissues, 
already  damaged  by  the  irritant  which  is  causing  the  inflammation,  become 
pressed  upon  and  absorber! ,  and  the  new  cells  occupy  their  place  ;  finally,  the 
central  cells  of  the  group  degenerate  from  want  of  nutrition,  their  intercellular 
substance  softens,  and  the  liquid  exudation  from  the  surrounding  part  soaks  in 
amongst  them,  and  thus  we  get  a  creamy  fluid,  or  pus. 

If,  as  sometimes  happens,  we  have  the  opportunity  of  examining  microscopi- 
cally such  a  small  collection  of  pus  in  the  subcutaneous  tissue,  the  following 
appearances  are  observed,  proceeding  from  the  circumference  to  the  centre  of 
the  affected  area.  The  first  sign  of  deviation  from  health  is  that  some  scattered 
leucocytes  are  seen  in  the  spaces  between  the  fibres  of  the  connective  tissue, 
and  often  evidently  in  the  neighbourhood  of  a  small  vessel ;  as  the  centre  is 
approached,  the  number  of  these  increases,  gradually  more  and  more  com- 
pletely obscuring  the  connective  tissue  and  its  corpuscles,  till  at  last  nothing 
is  to  l3e  seen  but  closely-packed  small  round  cells,  between  which  the  amount 
of  intercellular  substance  is  too  small  to  be  recognized  ;  in  the  centre  of  this 
group  of  cells  may  be  a  cavity  from  which  the  pus  has  escaped  in  preparing 
the  section.  Amongst  the  closely-packed  cells  surrounding  the  collection  of 
pus  it  is  not  uncommon  to  find  micrococci  in  groups  or  chains.  The  connec- 
tive tissue,  when  it  is  last  recognizable  before  being  concealed  by  the  infiltrating 
leucocytes,  is  seen  to  have  its  fibres  swollen  and  vitreous  in  appearance,  while 
its  corpuscles  are  unchanged,  or  degenerating.  They,  evidently,  arc  taking  no 
part  in  the  formation  of  the  new  cells  which  are  crowding  amongst  the 
fibres.  If  any  blood-vessels  are  recognizable,  it  will  be  seen  that,  near  the 
point  at  which  everything  is  concealed  by  the  leucocytes,  they  are  filled  with 
closely  packed  blood-corpuscles  indicating  the  presence  of  a  clot  of  blood.  It 
is  in  this  way  that  they  are  closed  before,  in  common  with  the  otlier  tissues, 
they  soften  and  break  down  in  the  presence  of  the  invading  leucocytes,  and 
thus  haemorrhage  is  prevented.  In  this  area  also,  although  it  cannot  be 
seen  with  the  microscope,  the  plasma  which  has  exuded  from  the  vessels  is 
coagulated,  and  with  the  migrated  cells  forms  a  firm  substance,  the  so-called 
inflaramatoi-y  lymph,  whicii  fills  and  plugs  the  spaces  of  the  connective  tissue, 
and  thus  forms  a  barrier  round- the  colleclion  of  pus,  and  prevents  its  diffusing 
itself  Avidely  amongst  the  tissues  around.  It  is  not  possible  in  a  section 
made  from  a  preparation  removed  from  the  body  to  observe  the  state  of 
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the  vessels  beyond  the  area  of  stasis  or  thrombosis  ;  but  if  it  were  possible  to 
observe  them'in  the  living  body,  we  should  see,  in  a  spreading  abscess,  all  the 
conditions  already  described  under  Inflammation  :  viz.,  from  the  centre  towards 
the  circumference,  stasis,  oscillation,  dilated  vessels  with  retarded  flow,  ad- 
hesion of  the  corpuscles,  and  migration,  and  lastly,  simple  hypera3mia,— 
dilated  vessels  with  increased  rapidity  of  flow.  Such  a  collection  of  pus  as  is 
above  described,  is  a  microscopic  abscess  ;  an  acute  abscess  holding  half  a 


Fig.  87.— A  Microscopic  Abscess  in  the  Skin.  <i.  Epitlielinm  ;  h.  a  Hair  ;  d.  v.  Small  \eins  surrounded 
ill  some  places  by  migrating  leucocytes  ;  p.  the  collection  of  pus  ;  s.  Sweat-gland  ;  h.  a  small  Artery; 
/  Fat.  The  Tissues  round  the  collection  of  pus  are  dotted  with  leucocytes  becoming  more  closely 
packed  as  the  centre  of  suppuration  is  approached. 


pint  of  pus,  differs  from  it  in  no  respect  except  in  size.  The  extension  of  the 
abscess  takes  place  by  progressive  destruction  of  the  tissues  by  the  same  process 
as  that  above  described  ;  and  the  pus  is  formed  by  successive  zones  of  the  new 
cells  degenerating,  becoming  separated  from  each  other  by  fluid,  and  falling 
into  the  cavity  of  the  abscess.  The  whole  process  is  identical  with  ulceration, 
but  instead  of  the  discharge  being  given  oft"  superficially  as  in  an  ordinary 
ulcer,  it  accumulates  in  the  abscess -cavity  ;  an  abscess  is  in  fact  a  cavity 
enclosed  by  an  ulcer.  The  zone  of  tissue  in  which  the  process  of  spreading  is 
taking  place,  was  in  former  times  spoken  of  as  the  "  pyogenic  membrane  ; " 
but  it  is  evident  that  there  is  nothing  to  which  the  term  "  membrane  "  could 
properly  be  applied ;  the  "  pyogenic  zone  "  would  be  a  more  correct  term  if 
any  such  is  necessary.  In  this  pyogenic  zone  the  vessels  are  dilated,  and  the 
tissues  softeued,  so  that  in  opening  an  abscess  blood  may  flow  freely  from  the 
engorged  vessels  round  the  cavity  ;  but  it  must  not  be  concluded  from  this 
that  the  abscess-cavity  is  surrounded  by  a  zone  of  tissue  in  which  new  vessels 
have  been  formed.    During  the  spreading  stage  of  an  abscess,  it  is  destruction 
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of  vessels,  not  new  fonnatiou,  that  is  taking  place  ;  the  new  fonnation  occui-s 
only  during-  repair,  after  the  pus  has  been  let  out. 

The  method  in  which  pus  is  formed  on  mucous  surfaces  in  purulent  catarrh 
is  described  with  that  process. 

That  all  the  pus-cells  are  derived  directly  or  indirectly  from  the  white 
corpuscles  of  the  blood,  may  now  be  regarded  as  an  accepted  fact  in  pathology. 
The  proof  of  this  fact  is  derived  partly  from  the  direct  observation  of  the 
formation  of  pus,  as  it  has  ah-eady  been  described,  and  partly  from  the  experi- 
ments of  Oohnheim,  Hoffmann,  and  Von  Recklinghausen.  These  observers 
injected  aniline  blue  or  cinnabar  into  the  blood-stream  of  the  animal  to  be 
experimented  on.  It  had  before  been  shown  that  when  solid  matter  in  a  state 
of  extremely  fine  division  is  injected  into  the  blood-stream,  the  white  cor- 
puscles pick  up  the  particles  in  much  the  same  way  as  an  amceba  takes  its 
food ;  and  the  dark  coloured  particles  of  aniline  blue  or  cinnabar  are  easily 
recognised  in  their  substance.  A  frog  having  been  prepared  by  the  injection 
of  the  colouring  matter,  inflammation  of  sufiicient  intensity  to  cause  sup]ju- 
ration  was  excited  ;  and  it  was  found  that,  whether  it  was  in  a  vascular  part 
or  in  a  non-vascular,  as  the  cornea,  the  pus- cells  contained  pai-ticles  of  the 
substance  which  had  been  injected. 

Lastly,  there  is  the  negative  observation,  that  in  acute  inflammations  the 
original  cells  of  the  affected  part  undergo  no  change  so  long  as  they  can  be 
observed  ;  that  is  to  say,  before  they  are  concealed  by  the  crowds  of  migrating 
leucocytes. 

Characters  of  Fus. — Pus  presents  considerable  variety  in  its  general 
character,  according  to  the  cause  that  gives  rise  to  its  formation  and  the 
general  constitutional  state  of  the  patient. 

The  pus  from  an  acute  abscess  in  a  person  otherwise  healthy,  is  an  opaque, 
creamy  fluid,  thick,  smooth  and  slightly  viscid,  of  a  yellowish-white  colom*, 
with  in  some  cases  a  greenish  tinge  :  it  has  a  faint  odour  and  an  alkaline 
reaction.  Its  specific  gravity  is  from  1030  to  1083.  It  contains  about 
85  to  90  per  cent,  of  water  and  about  8  per  cent,  of  albumen.  Of  the  solid 
matter  about  two-thirds  is  albumen  ;  of  the  remaining  third,  about  one  half 
is  composed  of  fatty  matter,  including  as  a  rule  some  cholesterine,  and  the 
rest  consists  chiefly  of  salts,  with  leucin,  tyrosin,  and  a  variety  of  other 
unimportant  compounds.  The  salts  are  the  same  as  those  found  in  blood- 
serum,  chloride  of  sodium  being  the  most  abundant.  Pus  i^resenting  these 
characters  is  termed  healthy  or  laudable  pus. 

Various  other  terms  are  applied  to  indicate  appearances  deviating  from  that 
of  healthy  pus  ;  thus,  when  tinged  with  blood  it  is  called  saimus ;  when 
thin  and  watery,  ichorous;  when  containing  cheesy-looking  flakes,  curdy, 
and  when  diluted  with  mucus,  muco-'pus.  Besides  these,  pus  presents  other 
varieties  ;  thus,  for  instance,  when  it  is  formed  in  the  brain  it  is  of  a  greenish 
tint,  and  when  in  the  neighbourhood  of  the  alimentary  ciinal  it  ha-s  a 
peculiar,  fetid  odour.  Its  chemical  composition  may  likewise  vary  under 
different  circumstances ;  thus,  ordinary  pus  formed  in  the  soft  parts  contains 
merely  a  trace  of  phosphate  of  lime,  whereas  that  which  is  formed  in  connec- 
tion with  diseased  bone  is  said  to  contain  a  large  quantity  of  that  salt. 

Pus  presents  other  peculiarities  which  in  some  cases  are  recognizable  only 
by  their  effects  on  the  system  ;  thus  the  pus  from  specific  sores  possesses  con- 
tagious properties,  although  to  the  naked  eye  it  may  not  apparently  differ 
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iVom  other  forms  of  that  fluid.  In  these  cases,  micro-organisms  are  invariably 
present,  but  a  specific  organism  has  not  as  yet  been  shown  to  exist  for  each 
disease 'which  can  be  communicated  by  inoculation  of  pus— as,  for  instance, 
small-pox,  soft  chancre,  gonorrhoea  and  purulent  ophthalmia  ;  nor  has  it 
as  yet  been  definitively  proved  that  the  organism  is  the  actual  cause  of  the 
infective  properties  of  each  kind  of  pus  ;  still,  all  the  observations  of  the 
present  day  would  tend  to  suggest  that  such  is  probably  the  case. 

Pus  is  a  liquid  which  readily  decomposes  when  exposed  to  the  air  or  mixed 
Avith  water  at  the  temperature  of  the  l)ody,  or  even  if  the  causes  of  decom- 
position be  introduced  subcutaneously,  as  by  an  aspirator-needle  or  trochar. 
Thus  we  occasionally  see  that  a  collection  of  pus  which,  when  tapped  for  the 
first  time,  is  free  from  decomposition,  becomes  offensive  in  a  few  days  unless 
proper  antiseptic  precautions  are  taken  during  the  operation.  In  some  rare 
cases  the  pas,  soaking  a  dressing,  assumes  a  disthictly  blue  colour  from  the 
development  in  it  of  a  special  form  of  organism,  the  micrococcus  cyaneus. 
Blue  pus  is  never  found  in  a  freshly  opened  abscess. 

Microscopic  characters. — Pus  consists  of  corpuscles  floating  in  a  clear 
fluid,  the  "  liquor  puris."  In  pus  drawn  from  an  acute  abscess  or  from  the 
surface  of  a  healthy  suppurating  sore, 

two  kinds  of  coi-puscles  are  met  with.       „         ^,  !,        I  I 

In  such  pus  a  certain  number  of  cells 
ju-e  to  be  found  which  resemble  the  '01'^ 
white  corpuscles  of  the  blood  in  every 
resnect.   If  examined  when  quite  fresh  Kig.  ss.— a.  Healthy  Pus-ceiis,  h.  xrcatea  with 

^  ,  ,       ,,  •(■    J.   J.1  AfieticAcicl.    Miignifiud  800  Diameters. 

on  a  warm  plate,  they  manliest  the 
characteristic    amoeboid  movements. 

The  nuclei  of  these  living  cells  are  single,  or  at  most  double,  the  protoplasm 
is  faintly  granular,  and  the  nucleus  can  usually  be  recognised  without  the  use 
of  reagents.    These  living  cells,  however,  as  a  rule,  form  but  a  comparatively 
small  proportion  of  the  whole  ;  the  greater  number  present  the  appearances 
which  have  been  held  to  be  characteristic  of  the  pus-cell  ever  since  the 
microscope  demonstrated  its  existence.    They  are  essentially  the  same  as  the 
amoeboid  cells,  but  they  are  dead,  and  have,  moreover,  undergone  degenerative 
changes.    They  are  rounded  in  form,  with  a  slightly  irregular  outline,  they 
measure  about         of  an  inch  in  diameter,  and  their  protoplasm  is  coarsely 
granular,  so  that  the  nucleus  is  completely  concealed.    By  treating  them 
with  dilute  acetic  acid  the  granules  arc  to  a  great  extent  dissolved,  the  proto- 
plasm becomes  swollen  and  the  nucleus  comes  clearly  into  view,  and  it  is  then 
found  to  be  broken  up  into  two  or  more,  usually  three,  parts,  most  commonly 
without  a  nucleolus.    These  three  nuclei  together  do  not  exceed  in  bulk  the 
undivided  nucleus  of  the  living  cell.    This  breaking  up  of  the  nucleus  is  a 
degenerative  change  and  not  a  sign  of  active  growth.    In  the  protoplasm 
«ome  fat-granules  are  usually  to  be  seen  which  are  not  cleared  up  by  the  acetic 
acid.    The  number  of  these  varies  with  the  age  of  the  pus  ;  the  less  acute  the 
ff)rmation  of  the  pus  the  more  abundant  will  be  the  fat-granules,  till  in 
r-lironic  abscesses  we  find  them  occupying  the  protoplasm  to  such  an  extent 
that  it  is  no  longer  possible  to  clear  it  up  with  acetic  acid.    These  granules  are, 
however,  readily  dissolved  in  ether  or  liquor  potassse.    Pinally,  in  very  old 
collections  of  pus  the  cells  break  up  completely,  and  the  granules  float  free  in 
the  liquor  puris,  forming  an  emulsion  having  but  little  I'esemblance  to  pus,  or 
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hi  othev  cases  tliey  ibrm  curdy  inasses  wliicli  in  part  float  free  in  the  fluid  and 
in  part  form  a  layer  on  the  wall  of  tho  ahscess. 

In  thopus  of  acute  abscesses,  in  addition  to  the  corjjuscles.  granular  delnm 
of  the  tissues  may  in  some  cases  be  reco<,mized. 

In  addition  to  the  elements  already  described,  the  pus  derived  from  an 
acute  abscess  or  snppuratino-  wound  inviiriably  contains  micro-organisms.  So 
constantly  is  this  the  case  that  it  has  been  assei-ted  by  some  patliologists  that 
all  suppuration  is  dependent  upon  the  irritation  caused  bv  the  presence  of 


septic  or  pathogenic  fungi,  a  generalization  which  is  hardly  justified  by  the- 
evidence  at  present  before  us.  The  nature  of  the  organisms  accompanying- 
suppuration  has  been  studied  by  Ogston,  Cheyne,  Klein,  and  others  in  this, 
country,  and  by  Koch,  Rosenbach,  Pastern-,  and  other  observers  too  numerous. 

to  mention  in  Germany  and  France. 
The  investigation  is  carried  out  by 
direct  microscopic  examination  of 
the  pus  and  by  artificial  cultivations, 
of  the  organisms  on  solid  or  in  liquid 
media. 

The  examination  of  pus  for  mi- 
croscopic organisms  has  been  ren- 
dered so  simple  by  the  methods, 
introduced  by  Weigert,  and  perfected 
by  Koch,  and  the  interest  attachin£r 
to  the  subject  at  the  present  time  is. 
so  great  that  it  may  be  well  hei-e 
briefly  to  describe  the  process.  The 
reagents  required  are.  a  solution  of 
methyl-violet  (one  of  the  aniline  dyes),  of  the  strength  of  half  a  grain 
to  one  ounce  of  distilled  water,  carefully  filtered,  and  some  pure  Canada 
balsam,  wliich  has  been  heated  to  drive  off  its  volatile  oil.  Tlie  method  of 
observation  is  as  follows  : — Spread  the  pus  on  a  glass  cover-slip  in  the  thinnest 
possible  layer,  and  diy  it  carefully  over  a  spirit-lamj),  taking  care  not  to  over- 
lieat  it ;  dip  a  clean  glass  rod  in  the  methyl-violet  solution,  and  spread  a  tliiu 
film  of  the  dye  over  the  dried  layer  of  pus  ;  after  from  thirty  to  sixty  seconds,, 
wash  the  dye  off  carefully  with  a  gentle  stream  of  distilled  water.  A  darkly 
stained  film  should  remain  behind,  which  must  be  again  dried  over  the  spirit-r 


I'lg.  — A  colony  iil  AIiciikjdcoi  in  sx  lymiilintk; 
plaml  X  BOO.  gl.  Glanil-tissiie ;  z.  Micrococci  ; 
i.  Pus  from  an  acute  Abscess ;  ji.  Pns-cells : 
ro.  Micrococci  in  chains. 
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I  ,nip  •  then  while  the  cover-slip  is  still  wariii,  put  on  it  a  drop  of  the  Canada 
l.alsam,  rendered  fluid  hy  heat,  and  place  it  quickly  on  a  glass  slide  which  is. 
idso  slio-htlj  warmed  :  scpiecze  it  gently  down,  and  when  cold  it  is  ready  for- 
oxaminatiou.  The  micrococci  are  distinguished  from  other  granules  by  then- 
definite  round  form  and  uniform  size,  and  hy  their  arrangement  m  groups  or 
chains  They,  moreover,  take  the  dye  readily,  while  fatty  and  albuminoid 
granules  remain  uncoloured.    Blood  or  urine  may  be  exammed  by  the  sam^ 

II  voce  ss 

The  eA-ideuce  obtained  from  cultivation  of  the  organisms  on  sohd  media, 
inoculated  with  a  minute  quantity  of  pus,  is  equally  conclusive.    Ogston  and 
Koseubach  have  shown  in  this  way  that  micrococci  are  to  lie  found  in  the  pusi 
of  all  acute  abscesses  at  the  time  they  are  opened,  while,  in  the  pus  ot  open 
wounds,  bacteria  and  bacilli  may  also  be  present.    The  most  common  micro- 
coccais  met  with  belongs  to  the  group  named  stapliijlowmis  fnjin  the  arrange- 
ment  of  the  minute  romid  fungi  in  masses  resembling  bunches  of  grapes. 
Two  yarieties  of  staphylococcus  are  yery  commonly  met  with,  one  of  which 
as  it  gi-ows  on  the  cultivating  medium,  forms  opaque  patches  of  a  brilliant 
orano-e   colour  from  which  it  has  recei\'ed  the  name   ol'  dcq>hyIococcus- 
pymjenes  aureus;  the  other  resembles  it  in  every  respect  except  that  it 
remains  white  in  colour,  and  it  has  therefore  been  named  siaphijlococms  pyogenes-, 
albus.    These  organisms  grow  readily  on  nutrient  gelatine,  agar-agar,  and 
boiled  potato.    From  the  fact  that  they  are  very  commonly  met  with_ 
together,  they  are  probably  the  same  fungus,  the  presence  or  absence  of 
pigment  being  an  accidental  variation.    The  fungus  growing  on  gelatine- 
liquefies  it,  and  at  the  same  time  gives  rise  to  a  faint  sour  smell.    It  converts, 
albumen  into  peptones.    It  has  been  found  in  boils,  acute  sub -periosteal 
abscess  (acute  necrosis  of  bone),  empyema,  mammary  abscesses,  ischio-rectal 
abscesses,  pyajmic  abscesses,  &c.    In  subacute  abscesses,  Rosenbach  found  a 
somewhat  larger  organism  with  no  definite  arrangement,  to  which  he  gave  thxi 
name  of  micrococcus  jjyogenes  tenuis.    In  spreading  inflammation^  tending  to- 
diffuse  suppuration  of  the  type  of  phlegmonous  erysipelas,  the  micrococci  ara 
usually  in  chains,  and  consequently  the  organism  has  received  the  name  of 
.ttrepfococcits  pyogenes.     It  does  not  liquefy  gelatine  but  will  decompose- 
albumen.    Other  yarieties  of  micrococci  have  been  described  as  occurring  in 
pus,  but  the  above  are  the  most  common  and  important.    Micrococci,  growing- 
in  unopened  abscesses,  give  rise  to  no  formation  of  gas,  nor  do  the  changes, 
they  set  up  alter  the  alkaline  reaction  of  the  pus.    In  suppurating  wounds, 
•  or  abscesses  contaminated  by  the  admission  of  other  organisms  from  the  air  or- 
water,  the  reaction  often  becomes  acid  and  the  smell  offensive.    In  such  cases,, 
rod-shaped  organisms  are  often  found,  but  they  present  nothing  special. 

In   chronic  abscesses,  micrococci  are  most  commonly  absent ;  other 
organ  isms,  such  as  the  tubercle  bacillus  or  its  spores,  may  be  present. 

Diagnosis  of  pus  from  other  fluids.— The  diagnosis  of  pus  is  usually 
easy,  but  some  fluids  resemble  it  so  closely  to  the  naked  eye,  that  the  micro- 
seoi)e  is  necessary  to  establish  their  characters.  From  hcaUhy  mucus  there  is, 
no  difliculty  in  distinguishing  pus  ;  but  when  mucus  has  been  thickened  and 
rendered  opaque  by  inflammation,  and  is  mixed  with  exudation-cells,  it  is. 
impossible,  and  can  never  be  necessary,  to  distinguish  it  from  pus.  TurUd: 
serum.,  containing  broken-down  and  granular  fibriue,  frequently  met  with 
.in  serous  sacs,  and  soflened  fibrim,  as  in  clots  and  inflamed  vessels,  ara 
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distinguislied  from  p.is  by  the  abseuce  of  pus-cells.    Alh,mm  is  recomised 
by  the  presence  of  eholestcrine-scales  and  fat,  and  by  the  noii-existeiif^e  of  the 
characteristic  pus-corpuscle.    When  pns  is  diffused  i.i  milk,  as  in  some  forms 
ot  lacteal  abscess,  the  corpuscles  of  this  fluid  will  he  seen  to  Ik-  smallei-  and 
c  earer,  with  a  more  defined  outline  than  those  of  pus.    The  largest  fat- 
ii-l(^ules  m  milk  are  only  half  the  size  of  a  ],us-cell,  and  the  smallest  one-fifth 
Causes  of  Suppuration.— It  has  already  been  pointed  out  in  the  Chaijter 
on  inflammation,  that  suppuration  is  merely  a  certain  de-r-ee  of  that  process  • 
and  that  the  degree  of  inflammation  in  any  case  depends  on  the  damage  done 
to  the  living  tissues  by  the  irritant  which  is  the  cause  of  the  disturbance 
fu  order  that  suppuration  may  take  place,  it  is  necessary  that  a  degree 
of  damage  should  be  done  to  the  waUs  of  the  small  vessels  which  shall  lead  to 
abnormal  adhesion  of  the  corpuscles,  retardation  of  the  blood-stream,  with 
migration  of  leucocytes  and  exudation  of  blood-plasma.    If  the  damacre  be 
short  of  this  point,  mere  hyperc^mia  will  result,  without  corpuscular  exudation  ; 
It  It  pass  beyond,  stasis  terminating  in  thrombosis  will  be  produced,  and  the 
process  of  migration  being  arrested,  suppuration  is  no  longer  possible.    In  the 
next  place,  it  is  necessary  that  the  irritation  of  the  tissues  should  act  per- 
sistently for  some  length  of  time,  otherwise  the  exudation  would  not  be  of 
sufficient  amount  to  form  a  collection  of  pus  such  as  we  can  recognise  chnically. 
For  example,  a  clean  cut  inflicts  a  degree  of  injury  on  the  parts  actually  touched 
by  the  knife  sufficient  to  cause  dilatation  of  the  vessels,  retarded  flow,  and 
migration  ;  but  if  every  other  source  of  irritation  be  excluded,  the  whole 
process  subsides  before  sufficient  exudation  has  taken  place  to  form  an  accu- 
mulation of  migrating  cells  recognizable  by  the  naked  eye.    If,  however,  a 
more  persistent  source  of  irritation  be  introduced  into  the  wound,  as  decom- 
posing matter,  exudation  of  blood-plasma  and  migration  of  the  corpuscles 
will  continue,  till  the  tissues  on  each  side  become  infiltrated  and  finally 
replaced  on  the  surface  by  the  migrating  corpuscles,  and  the  space  between 
becomes  filled  with  the  cells  floating  off  from  the  sm-face  in  the  hquid 
exudation,  thus  forming  pus.    Remove  the  som-ce  of  irritation,  and  the  forma- 
tion of  pus  rapidly  ceases.    The  direct  effect  of  imtation  in  causing  the  forma- 
tion of  pus,  may  also  be  studied  with  great  advantage  in  a  healthy  granulating 
sore— say,  of  the  leg.    If  the  patient  be  put  to  bed  with  the  leg  elevated,  to 
avoid  intra-vascular  tension,  and  the  raw  surface  be  rendered  perfectly  aseptic, 
and  then  covered  by  a  non-irritating  substance,  and  protected  from  mechanical 
violence  and  cold  by  an  application  which  at  the  same  time  absorbs  the  dis- 
charge and  prevents  its  putrefaction,  every  source  of  irritntion  being  thus 
removed,  we  may  succeed  in  completely  preventing  any  formation  of  pus."  The 
discharge,  such  as  it  is,  will  be  composed  solely  of  serous  fluid,  which  neces- 
sarily leaks  from  the  surface  of  the  granulations,  as  they  are  uncoA  cred  l)y  any 
impermeable  epithehum.    Having  got  the  sore  into  this  state,  if  some 'mild 
irritant  be  now  applied,  as  for  example,  lint  soaked  in  a  concentrated  solution 
of  boracic  acid,  the  discharge  will  become  turbid,  the  superficial  cells  perishing 
and  being  cast  off  under  the  influence  of  the  irritant,  while  at  the  same  time 
migration  takes  place  from  the  vessels  beneath ;  if  a  stronger  irritant  be  ' 
applied,  as  for  example,  carbolic  acid  water  (1  in  20),  the  discharge  will  become 
thick  pus,  the  granulations  will  swell  and  liecome  soft  from  exaggerated 
exudation  of  blood-plasma  and  migration  of  leucocytes  into  their  substance. 
Suppose  now  that  a  still  stronger  irritant  be  apj)lied  as  a  solution  of  carbolic 
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u^id  in  spirit  (I  iu  5),  or  chloride  of  .inc  (40  grains  to  the  ounce),  the  flow  of 
Mus  will  be  checked,  and  the  discharo-e  will  for  a  short  time  cease,  or  become 
merely  serous,  the  dead  layer  formed  by  the  caustic  application  serving  to 
arrest  any  mio-rating  cehs  that  might  be  coming  to  the  surface 

These  two  examples  are  sufficient  to  show  that  suppuration  always  indicates 
u-ritation  of  the  living  tissues  of  a  certain  degree  of  intensity,  and  persisting 

lor  a  certain  time.  ^  ^      ^  . 

It  has  before  been  pointed  out  that  the  effect  produced  by  an  iriitant  is 
pvoportional-first,  to  the  strength  of  the  irritant;  and  secondly  to  the 
power  of  resistance  of  the  tissues,  or,  in  other  words,  to  their  state  0  health  ; 
md  that  for  any  tissue  to  be  healthy,  both  the  general  and  local  conditions  ot 
autrition  must  be  healthy  also  (seep.  162).    The  degree  of  iirflammation 
necessary  to  cause  suppuration,  will  therefore  be  more  readily  induced  when 
any  of  the  general  or  local  conditions  of  healthy  nutrition  are  mterfered  with. 
Pao-et  examined  the  fluid  that  accumulated  in  the  blebs  m  thirty  patients  to 
whom  bhsters  had  been  applied  for  various  affections.    In  those  who  were 
suff-erino-  from  purely  local  diseases,  the  constitution  being  otherwise  hcaltliy, 
the  fluid  was  clear,  sometimes  coagulable,  and  comparatively  free  from  cor- 
puscles; in  cachectic  or  phthisical  patients,  it  was  turbid  and  crowded  with 
wandering  leucocytes  ;  and  every  intermediate  variety  was  met  with,  according 
to  the  condition  of  the  system.    In  certain  cachectic  states  of  the  system, 
slight  wounds  suppurate  or  fester  as  it  is  termed.  i  .  ■ 

The  irritants  which  give  rise  to  suppuration  are  innumerable  ;  but  it  is 
needless  to  repeat  them  here,  as  they  have  already  been  described  under  the 
Causes  of  Inflammation  (see  p.  162).    From  a  purely  surgical  point  ot  view, 
the  most  important  are  the  products  of  decomposition  or  fermentation  of  the 
discharges,   tension,   and  friction  of  diseased  surfaces  upon  each  other. 
That  the  "  admission  of  air  "  acts  as  a  cause  of  suppuration,  is  an  observation 
of  o-reat  antiquity.    It  was  impossible  for  Surgeons  not  to  be  struck  by  the 
fact  that  a  subcutaneous  iniury,  such  as  a  simple  fracture  or  dislocation,  is 
recovered  from  rapidly  without  suppuration,  while  an  exactly  similar  injury 
complicated  by  a  wound  in  the  skin,  is  almost  equally  certain,  unless  special 
means  are  taken  to  prevent  it,  to  be  followed  by  profuse  and  prolonged  sup- 
puration.   That  these  evil  effects,  so  far  as  they  are  caused  by  the  admission 
of  air,  are  due  to  the  fermentative  changes  set  up  in  the  discharges  of  the 
wound  by  micro-organisms  of  various  kinds  can-ied  in  in  this  way  has  l)eeu 
already  pointed  out.    It  must  be  remembered,  however,  that  m  all  open 
wounds  admission  of  air  is  not  the  only  nor  the  chief  mode  of  contamination. 
The  organisms  which  give  rise  to  septic  and  infective  processes  are  probably 
more  commonly  carried  in  by  solid  bodies,  such  as  the  instrument  that  inflicts 
the  wound,  the  Surgeon's  fingers,  and  more  often  still  by  impure  water. 

It  has  just  been  stated  that  it  is  not  in  open  suppurating  wounds  only  that 
micro-organisms  are  found,  but  in  all  acute  subcutaneous  collections  ot  pus, 
audit  has  therefore  been  assumed  by  some  pathologists  that  suppuration  cannot 
occur  in  the  absence  of  these  organisms,  or,  in  other  words,  that  there  is  no 
such  thing  as  "  aseptic  suppuration."  In  order  to  test  this  question  various 
in-itatiiig  substances,  such  as  cantharidin,  oil  of  mustard,  petroleum,  turpentine, 
crotonoil,  &c., after  being  carefully  sterilised, have  been  injected  beneath  the  skm 
or  into  the  muscles  of  rabbits.  Cheyne  enclosed  a  few  drops  of  croton  oil  iii  a 
small  glass  capsule,  wliich  was  inserted  amongst  the  lumbar  muscles  of  a  rabbit, 
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and  allowed  to  heal  ,n     Alter  so.ue  weeks  the  capsule  wa8  ruptured  bvpinch- 
ug  and  the  crotou  oil  liberated  anioi.o,st  the  tissues.    In  this  wav  ho  s.icoeoded 
in  setting  up  suppuration,  and  on  examinin-  tlie  ])us  found  no  njicro-or-anisnm 
in  several  instances.    Jvlemperer  asserts  that  by  a  similar  method  h'e  failed 
m  all  cases  t()  obtain  sup,:.iiration  without  the  ]n-esence  of  micro-oi-anisms. 
It  seems  possible  that  the  absence  of  supj.uration  may  in  many  of  these  ex- 
periments be  explained  by  the  rapid  diffusion  of  the  irritatino-  substance  and 
by  Its  dilution  M'lth  exudation  from  the  vessels,  so  that  very  soon  the  irritation 
It  causes  falls  below  the  degree  necessary  to  cause  the  formati(m  of  pus  In 
favour  of  this  view  are  the  ol)S(^rvations  made  upon  granulating  sui'faces. 
Ihese  may  be  dressed  with  irritating  chemical  antiseptics  of  sufficient  strei.o-tli 
to  kill  any  organism  that  may  be  present,  and  yet  abundant  formation  of  pus 
takes  place.    Under  such  circumstances  it  can  onlv  be  supposed  that  the 
irntation  of  the  chemical  antiseptic  is  the  direct  cause  of  the  suppuration, 
btill,  in  the  vast  majority  of  cases  in  which  pus  is  formed  the  chemical 
products  of  some  fermentative  process  set  up  by  the  presence  of  an  organized 
ferment  is  the  undoubted  cause  of  the  process.    Even  under  these  circum- 
stances accessory  causes  of  irritation,  such  as  friction  of  diseased  surfaces  upon 
each  other  in  an  inflamed  joint,  or  tension  from  accumulated  discharges, 
aggravate  the  process  and  increase  the  formation  of  pus.    In  fact,  it  is  a 
frequent  observation  in  the  treatment  of  suppurating  joints  that  the  discharge 
diminishes  m  quantity  and  becomes  almost  serous  in  character  as  soon  as 
perfect  rest  is  obtained,  other  conditions,  such  as  drainage,  or  the  presence  of 
micro-organisms,  remaining  unchanged.    In  an  acute  abscess  the  sudden 
cessation  of  the  inflammation,  and  the  arrest  of  pus-formation  after  opening 
can  only  be  ascribed  to  the  relief  of  tension. 

There  is  a  considerable  amount  of  experimental  evidence  to  show  that  the 
organisms  associated  with  suppuration  are  the  direct  cause  of  the  process. 
Pure  cultivations  of  the  stai^hylococcus  aureus  and  albus  on  nutrient  gelatine, 
for  example,  have  been  repeatedly  injected  into  animals,  and  the  fbllowmg 
results  have  been  obtained.    If  a  considerable  quantity  of  the  organism  was 
injected  directly  into  the  blood  of  a  guinea-pig  or  rabbit,  death  usually  took 
place  under  twenty-four  hours  with  signs  of  general  blood-poisonin£r,  and  after 
death  the  organism  was  found  in  the  blood  and  cultivated  from  it.  In- 
jections into  the  subcutaneous  tissue  most  commonly  caused  localised  suppura- 
tion without  infection  of  the  blood.    Injections  into  joints  gave  rise  to  acute 
inflammation  and  su])puration,  usually  without  infection  of  the  blood.  In- 
jection of  the  staphylococcus  aureus  obtained  from  acute  necrosis  of  bone  in 
the  human  subject  gave  rise  to  no  serious  symptoms  in  a  rabbit  unless  the 
dose  were  sufficiently  large  to  kill  by  blood-poisoning.    If,  however,  a  bono 
had  been  broken  or  violently  bruised  some  days  before  the  injection,  in- 
flammation and  su])puration  took  place  at  the  injured  part.    Jjastly  Garro 
rubbed  into  his  own  arm  a  cultivation  obtained  from  the  blood  of  a  patient 
suffering  from  acute  osteomyelitis.    The  result  was  that  he  raised  a  closely 
set  crop  of  boils,  resembling  a  large  carbuncle,  fivmi  the  pus  of  which  ho 
obtained  fresh  cultivations  of  the  staphylococcus  aureus.    In  all  of  the  above 
experiments  the  material  used  had  been  obtained  by  successive  cultivations  on 
fresh  supplies  of  tlie  nutrient  medium  for  many  generations.    In  some  the 
organism  had  been  cultivated  out  of  the  body  for  more  than  a  year  witliout 
altering  in  its  morphological  character  or  in  its  virulence.    These  facts  make  it 
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more  than  probable  that  when  present  the  organism  is  the  actual  cause  of  the 
suppuration.  It  acts  probably  by  setting  up  a  fermentative  process,  the 
products  of  which  possess  intensely  ii-ritating  properties.  So  long  as  the 
oro-anismis  present  the  fermentation  continues,  and  thus,  though  some  of  the 
u-i-itatino-  chemical  products  may  become  diffused  or  carried  away  by  the 
Ivmph-stream,  a  constant  supply  is  maintained.  In  the  experiments  already 
•illuded  to  in  which  irritating  chemical  substances  were  in.iected  beneath  the 
skin  without  causing  suppuration,  the  irritant,  from  its  nature,  could  not 
increase  in  quantity  amongst  the  tissues,  and  so  became  too  dilute  to  cause 
inflammation  reaching  the  stage  of  the  formation  of  pus. 

In  the  cases  in  which  abscesses  form  in  the  deep  parts,  the  organisms  arc 
supposed  to  enter  the  body  by  the  alimentary  canal  or  the  lungs,  and  to  find 
their  way  into  the  blood-stream.  Under  normal  conditions  they  are  destroyed 
in  the  blood,  probably  by  the  white  corpuscles,  but  in  morbid  states  ot  health 
they  may  escape  destruction,  and  then,  should  they  find  a  damaged  part  in 
which  to  lodge,  such  as  a  bruised  periosteum,  a  broken  bone,  &c.,  they  give 
rise  to  suppuration  in  the  way  iust  described.  This  explanation  is  no  doubt 
at  present  somewhat  hypothetical,  but  it  seems  better  than  any  other  to 

*ixplain  the  facts.  . 

To  complete  our  knowledge  on  this  question  further  investigations  are 
required  to  ascertain  the  ordinary  habitat  of  these  organisms  out  oF  the  body. 
Passet  has  found  the  staphylococcus  aureus  in  "house  water  used  for  rinsing,' 
and  the  albus  in  raw  beef  which  had  lain  exposed  for  some  days  and  was 
beirinning  to  smell. 

The  de^velopment  of  the  staphylococci  in  nutrient  gelatine  is  prevented  by 
the  addition  to  it  of  about  ^Jooth  part  of  perchloride  of  mercury,  and  by 
-y^oth  part  of  carbolic  acid, 

'The  Duration  of  suppuration  varies  greatly.  In  wounds  in  which,  in  con- 
sequence of  tension  from  pent-up  exudation,  decomposition  of  the  discharges, 
want  of  rest,  or  the  presence  of  a  foreign  body,  union  without  suppuration  is 
not  ob^.aincd,  the  discharge  becomes  distinctly  purulent  in  the  course  of  about 
three  days,  although  occasionally  this  may  be  delayed  for  a  longer  time.  When 
once  suppuration  has  been  set  up,  it  will  continue  as  long  as  the  cause  persists, 
and  as  the  patient  becomes  weakened  by  the  prolonged  discharge,  slighter 
som-ces  of  irritation  are  sufficient  to  maintain  the  process.  From  mucous 
membranes,  especially  when  they  are  the  seat  of  mechanical  hyperaamia, 
purulent  discharges  may  continue  for  years. 

Symptoms  of  Suppuration  — These  are  local  and  constitutional. 
The  Local  Symptoms  differ  as  the  suppuration  occurs  on  a  mucous  surface, 
or  in  the  interior  of  a  tissue  or  organ. 

When  an  inflamed  mucous  swface  is  about  to  suppurate,  the  membrane  pre- 
sents the  ordinary  characters  of  active  infiammation,  being  hot,  swollen,  red, 
and  often  painlul  ;  to  these  symptoms  a  discharge  is  speedily  superadded. 

When  suppuration  is  about  to  take  place  in  the  substance  of  tissues  or  organs, 
so  as  to  give  rise  to  an  abscess  in  one  of  the  forms  to  be  presently  described, 
the  local  symptoms  of  inflammation  undergo  certain  modifications  indicative 
of  the  supervention  of  this  condition.  When  the  formation  of  pus  is  acute, 
the  pain  becomes  throbbing  ;  the  part  swells  and  becomes  tense,  but  after  a 
time  softens;  and  fluctuation  may  be  detected  in  it.  The  skin  becomes 
glazed,  red,  shiny,  and  cedematous.    In  the  formation  of  a  chronic  abscess. 
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suppuration  occurs  without  any  evident  si,siii  of  local  inflammation,  tin- 
presence  of  the  pus  revealing  itself  by  swelliiio-  iiiid  fluctuation  only. 

Constitutional  Symptoms.— Oii  the  super \'ention  of  acute  suppura- 
tion the  ordinary  symptoms  of  inflammation  are  often  interrupted  by  the 
occurrence  of  chills,  alternation  of  heat  and  cold,  or,  if  the  formation  of  pus 
be  extensive,  by  severe  and  long-continued  rigors.  If  tlie  pus  be  enclosed  in 
a  cavity,  forming  an  abscess,  the  temperatm-e  rises  considei-ably  above  iiormal, 
reaching  103°  F.  or  104°  P.  The  evening  temperature  is  as  a  rule  about  one 
degree  above  that  of  the  morning.  This  higli  temperature  remains  unclianged 
in  a  case  of  simple  acute  abscess  till  the  pus  is  discharged  either  artificial! v  or 
naturally.  It  then  falls  rapidly,  and  if  the  cavity  be  completelv  drained,  soon 
reaches  the  normal  degree.  When  the  abscesses  are  merely  a  part  of  the 
general  process  of  blood-poisoning,  repeated  rigors  occur,  and*  although  open- 
ing the  abscesses  may  relieve  the  patient,  it  seldom  brings  the  temperature  to 
a  normal  point.  AYhen  suppui-ation  occurs  in  a  recent  wound  or  compound 
fracture,  the  fever  which  precedes  it  is  due  in  the  majority  of  cases  to  absorp- 
tion of  septic  matter  from  the  raw  surfaces  ;  consequently,  as  granulationi5 
spring  up  and  cover  them  and  present  an  efficient  barrier  to  the  entrance  of 
the  products  of  decomposition  into  the  circulation,  the  fever  falls,  and  this 
usually  occurs  coincidently  Avith  the  full  estabhshment  of  a  thick  healthy 
purulent  discharge. 

The  slow  formation  of  pus,  such  as  occurs  in  the  development  of  a  chi-onic 
abscess,  is  not  accompanied  by  the  marked  symptoms  of  fever  just  described, 
but  careful  observation  with  the  thermometer  will  almost  invariably  show 
some  elevation  of  temperature.  It  may  not  be  more  than  a  degree  above  the 
normal  standard,  and  that  in  the  evening  only,  but  when  present  for  any  length 
of  time  it  is  an  important  aid  in  diagnosis.  If  pus  be  formed  in  sufficient  quantity 
for  its  discharge  to  act  as  a  severe  da-ain  on  the  constitution,  other  symptoms 
set  in,  dependent  on  the  loss  that  is  going  on.  The  patient  becomes  weak, 
the  nutrition  is  impaired,  and  hectic  is  established,  or  albuminoid  degeneration 
of  the  liver,  spleen  and  kidneys  sets  in. 

Hectic  is  essentially  a  fever  of  debility  ;  emaciation  and  general  loss  of 
power  invariably  accompany  it.  The  pulse,  which  is  quick,  small,  and  com- 
pressible, rises  from  ten  to  twenty  beats  above  its  normal  standai-d ;  the  tongue 
becomes  red  at  the  edges  and  tip  ;  the  cheeks  are  often  flushed,  and  the  eyes 
glistening,  with  dilated  pupils  ;  all  these  symptoms  have  a  tendency  to  exacer- 
bation after  meals  and  towards  evening.  There  is  also  increased  action, 
either  of  the  skin,  bowels,  or  kidneys.  Thus  profuse  sweating,  co]iious 
purging,  and  abundant  deposits  of  lithates  in  the  urine  take  place ;  these 
discharges  often  alternate  with  one  another,  melting  the  patient  away,  as  it 
were,  and  hence  are  termed  colliqiiaUve.  The  debility  gradually  increasing, 
the  patient  rapidly  wastes,  and  at  last  dies  from  sheer  exhaustion,  the  conjoined 
result  of  fever,  malnutrition,  and  wasting  discharges. 

The  nature  of  hectic  fever  is  a  subject  on  which  there  has  been  much 
difference  of  opinion.  It  does  not  occur  unless  there  is  a  chronic  discharge  of 
pus  from  the  system,  and  it  was  formerly  supposed  to  be  due  in  some  way  to 
the  exhausting  elfects  of  the  loss  of  albumen  and  the  other  constituents  of 
pus.  Tliere  can  be  no  doubt,  however,  that  in  most,  if  not  in  all,  surgical  cases 
hectic  is  in  reality  chronic  poisoning  from  the  absorption  of  the  chemical  • 
products  of  putrefaction,  or  some  other  fermentative  change  going  on  in  the . 
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jins.  No  hectic  occurs  so  long-  us  au  abscess,  however  largo,  continues 
unopened  ;  but  it  may  supervene  with  great  rapidity  when  once  its  contents 
are  discharged.  I  have  known  large  abscesses  to  exist  unopened  for  several 
years,  without  any  constitutional  disturbance  ;  but,  as  soon  as  they  were 
opened,  weU-marked  hectic  set  in,  which  speedily  carried  off  the  patient.  It 
is  not  necessary  for  hectic  to  occur  that  the  pus  should  be  stinking  ;  it  occurs 
quite  as  frequently  A\  hen  the  discharges  are  undergoing  some  fermentation 
unaccompanied  by  the  formation  of  fetid  gases.  The  more  essential  con- 
dition is  that  the  pus  shall  be  confined  in  a  cavity  from  which  the  drainage 
is  imperfect,  so  that  it  accumulates  at  a  slight  degree  of  pressure  sufficient  to 
cause  absorption  of  the  products  of  the  fermeutation  from  the  granulatmg 
surface.  This  view  of  the  nature  of  hectic  is  supported  by  the  facts,  that  no 
liectic  occurs  till  after  the  abscess  is  opened,  that  improvement  of  the  drainage 
will  in  very  many  cases  i-elieve  all  the  syjuptoms,  and  that  very  large  superficial 
ulcers  may  exist  for  years  and  discharge  abundantly  without  inducing  the 
signs  of  hectic.  Moreovei',  some  of  the  symptoms  of  hectic  resemble  those 
known  to  be  caused  by  the  absorption  of  the  products  of  putrefaction,  as  the 
profound  anemia  and  the  tendency  to  diarrhoea.  But  few  cases  of  hectic 
remain  in  surgical  practice,  if  all  that  depend  on  this  cause  are  excluded.  It 
is  probable  that  any  continued  febrile  disturbance,  from  whatever  cause, 
would  tend  to  assume  the  form  usuaUy  described  as  hectic  if  it  lasted  long 
enough  and  its  course  were  sufficiently  slow  and  wanting  in  intensity. 

Albuminoid,  or  amyloid  degeneration  is  a  most  important  and  serious 
consequence  of  prolonged  discharge  of  pus.  It  is  a  very  common  effect  of  old- 
standing  joint-  or  bone-disease  accompanied  by  suppuration,  and  when  once 
estabhshed  it  exerts  a  most  injurious  influence  on  the  progress  of  the  case,  and 
especially  on  all  operations  undertaken  for  the  cure  of  the  disease.  In  surgical 
practice  it  is  most  commonly  met  with  in  children,  as  diseases  of  bones  and 
joints  are  more  common  with  them  ;  but  similar  conditions  cause  a  similar' 
result  in  the  adult. 

The  pathology  of  the  process  belongs  rather  to  Medicine  than  to  Surgery, 
but  it  will  not  be  out  of  place  to  give  here  those  symptoms  with  which  every 
Surgeon  should  bo  familiar. 

The  organs  chiefly  affected  are  the  liver,  spleen,  kidneys,  and  the  intestinal 
mucous  membrane.  The  chief  symptoms  are  gradually  increasing  ansemia 
and  emaciation,  not  necessarily  accompanied  by  any  fever.  The  liver  slowly 
but  steadily  increases  in  size  tiU  it  may  reach  from  the  fifth  rib  to  the  right 
iliac  fossa.  Its  surface  is  smooth,  and  its  sharp,  hard  edge  can  often  be  felt 
through  the  thin  abdominal  walls  almost  like  a  piece  of  india-rubber.  There 
is  neither  jaundice  nor  ascites.  Tlie  spleen  may  be  felt,  but  is  seldom  very  large. 
When  the  kidneys  become  affected,  the  urine  usually  contains  a  small  quantity 
of  albumen  and  a  few  hyaline  casts.  As  the  vilH  of  the  intestines  become 
imphcated,  the  emaciation  increases  and  attacks  of  diarrhoea  are  common. 
Towards  the  end  of  the  case  oedema  of  the  ankles  is  a  frequent  symptom, 
arising  from  feebleness  of  the  heart's  action  and  the  watery  state  of  the  blood. 
Death  occurs  from  exhaustion  or  from  some  intercuiTent  disease. 

There  is  only  one  treatment  for  the  disease,  and  that  is  to  remove  the 
source  of  the  suppuration  ;  and  if  that  is  impossible,  to  adopt  every  means  in 
our  power  to  diminish  the  quantity  of  pus  discharged.  There  is  but  little 
evidence  at  present  before  us  as  to  the  curative  effect  of  complete  removal  of 
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the  source  of  the  pus,  as  by  amputation  of  the  h'mb  in  which  the  diseased  joint 
■or  bone  is  situated,  in  one  case  recorded  by  Barwell  in  whicli  amputation  at 
the  hip  Avas  successfully  performed  for  disease  of  tbe  joint  in  a  oliild  a^^ed  seven 
years,  the  general  condition  gi-eatly  impi'oved  after  tlie  operation,  and  tlie  size 
•of  the  liver  decreased,  k  still  more  interesting  case  occurred  under  the  care  of 
my  colleague,  John  Marshall,  at  University  College  Hospital.  The  patient  was 
'<(,  boy  aged  about  ten,  who  had  long  sutlVred  from  extensive  disease  of  the  lii]j. 
The  signs  of  albuminoid  disease  were  well  marked,  the  liver  reaching  nearly  to 
the  umbilicus.  Amputation  at  the  hip-joint  was  performed,  and  the  boy  made 
?i  good  recovery.  Ten  years  after  he  returned  to  the  hospital  on  account  of  a 
«mall  abscess  in  the  stump  due  to  some  necrosis  of  the  bone  near  the  aceta- 
bulum. At  this  time  he  w^as  carefully  examined,  and  no  enlargement  of  the 
iiver  could  be  detected.  When  the  disease  is  far  advanced,  however,  such 
opsrations  are  out  of  the  question,  as  the  condition  of  the  patient  makes  it 
impossible  for  him  to  withstand  the  necessary  shock  and  loss  of  blood. 

VARIETIES    OF  ABSCESSES. 

Suppuration  may  occur  on  the  mucous  or  serous  surfaces,  or  on  the  surfaces 
<oi  ulcers  or  wounds,  constituting  Purulent  Exudalion ;  or  pus  may  be  collected 
in  the  interior  of  a  tissue  or  an  organ,  forming  an  Abscess. 

An  Abscess  signifies  a  collection  of  pus  occurring  in  any  of  the  tissues  or 
<jrgans  of  the  body.  Surgeons  divide  abscesses  into  various  kinds,  according 
to  the  symptoms  attending  them,  their  duration,  and  their  cause.  Thus  they 
speak  of  Acute  and  Chronic,  Hot  and  Cold,  Lymphatic,  Diffuse,  Metastatic  or 
Pyifimic,  and  Puerperal  Abscesses. 

Acute  or  Phlegmonous  Abscess  may  be  taken  as  the  type  of  the  disease. 
When  it  is  about  to  form,  the  part  which  has  been  previously  inflamed  swells 
■considerably,  with  a  throbbing  pulsatile  pain  ;  the  skin  becomes  shining,  glazed, 
•and  of  a  somewhat  purplish  red.  It'  the  abscess  be  \evy  deeply  seated,  the  super- 
imposed tissues  become  brawny  and  oedematous,  without  perhaps,  any  other 
sign  indicating  the  existence  of  pus.  As  the  swelling  approaches  the  surface, 
it  softens  at  one  part,  where  fluctuation  becomes  perceptible,  and  a  bulging  of 
the  skin  covering  its  smnmit  takes  place. 

An  abscess  has  a  special  tendency  to  approach  a  fi'ee  surface,  whether  that 
be  external  or  internal,  skin  or  mucous  membrane  ;  the  tissues  between  it  and 
the  surface  towards  which  it  is  progressing  being  gradually  broken  down. 
That  the  abscess  always  extends  most  rapidly  in  the  direction  of  least  rasist- 
ance,  seems  most  probably  to  be  due  to  the  fact  that  dilatation  of  vessels  and 
migration  of  cells  will  occur  more  easily  on  that  side  ;  the  pressure  of  the 
?iccumulated  pus  tending  to  obstruct  these  processes  on  that  side  on  which 
there  is  the  greater  resistance.  This  process  is  spoken  of  as  "  the  ])ointing  of 
the  abscess."  As  the  pus  approaches  the  surface,  the  skin  at  first  becomes 
more  or  less  livid,  tense  and  oedematous,  indicating  the  inter.'erence  with  its 
•circulation  ;  as  the  summit  of  the  abscess  ])resscs  upwards,  the  overlying  skin 
loses  its  tension  and  becomes  relaxed  ;  it  then  sloughs  at  the  most  central 
point,  li-om  which  the  cuticle  has  previously  peeled  olf,  and,  the  outward 
pressure  of  the  pus  speedily  detaching  the  slough,  the  abscess  discharges  itself. 
Though  acute  abscesses,  if  left  to  themselves,  usually  run  this  course  and  buret 
through  the  skin,  the  mucous  or  serous  surfaces,  or  even  into  the  interior  of 
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joints,  yet  some  collections  of  pas,  if  very  deeply  seated,  cannot  find  their  way 
ro  the  surface,  but  extend  through  the  areolar  planes  of  the  limb  in  a  lateral^ 
ilirection,  burrowing  and  undermining  the  parts  to  a  great  extent;  or,  if 
situated  in  dense  and  imyielding  structures,  as  in  bone,  are  imprisoned  within 
;i  case  through  which  they  may  be  unable  to  penetrate  ;  in  other  rare  instances, 
the  pus  becomes  absorbed,  and  the  abscess  disappears. 

After  an  abscess  has  burst  or  has  been  evacuated,  its  waUs  contract  and 
hocome  coiTugated,  and  the  cavity  is  gradually  closed  by  a  process  of  repair 
identical  with  the  healing  of  a  wound  by  granulation  (see  Process  of  Repair). 
1  u  some  cases,  however,  the  cavity  does  not  completely  close,  but  contracts 
into  a  narrow  canal  forming  a  sinus  or  fistula  (p.  257). 

Diffuse  Abscess  is  a  term  which  has  been  incon-ectly  used  to  describe  a 
vapid  formation  of  pus  in  the  areolar  tissue,  as  the  result  of  a  spreading  or 
infective  inflammation.  In  a  true  abscess  the  pus  is  collected  in  a  cavity  and 
it  results  fi-om  a  locahsed  source  of  irritation  ;  in  diffuse  suppuration  the  cause 
is  either  some  readily  diffusible  and  irritating  chemical  substance,  as  the  pro- 
ducts of  decomposition,  which  spreads  widely  amongst  the  lymph-spaces  of  the 
areolar  tissue,  or  some  infective  poison  which  multiplies  and  extends  amongst 
the  living  tissues  and  is  always  associated  with  the  presence  of  microscopic 
organisms.  Hence  the  pus  often  spreads  widely,  and  there  may  be  extensive 
destruction  of  parts  before  it  is  discovered.  A  particular  variety  of  this  form 
of  abscess  occurs  in  women  after  labom-,  in  consequence  of  diffuse  inflamma- 
tion of  the  pelvic  cellular  tissue  ov  pelvic  celkiUtis. 

Metastatic  Abscesses  occur  in  various  parts  of  the  body,  as  the  viscera, 
joints,  subcutaneous  areolar  tissue,  or  the  eyeball.  They  arise  m  consequence 
of  the  dissemination  through  the  body  of  particles  of  infective  material 
derived  from  a  primary  centre  of  inflaimnation  and  earned  by  the  blood- 
stream. The  metastatic  abscesses  which  sometimes  follow  labour  are  often 
termed  Pmqwral.  Abscesses  of  this  kind  will  be  more  fully  described  with 
pvEemia. 

These  three  kinds  of  abscesses  are  acute,  and  ai-e  accompanied  by  the  con- 
stitutional symptoms  described  on  p.  238. 

Chronic  Abscesses,  or  as  they  are  sometimes  called  Cold  Abscesses,  are 
of  very  common  occurrence,  and  arise  under  somewhat  various  conditions. 
Periiaps  the  most  typical  form  is  that  which  is  so  commonly  met  with  in 
connection  with  diseased  bones,  especially  the  bodies  of  the  vertebrse.  In 
these  cases  the  disease  commences  with  chronic  inflammation  and  possibly 
with  death  of  a  small  portion  of  the  bone,  around  wljich  pus  is  slowly 
formed.  From  this  starting  point  the  pus,  as  it  increases  in  quantity, 
slowly  makes  a  cavity  for  itself,  forcing  its  way  in  the  direction  of  least 
resistance.  The  irritation  caused  by  the  presence  of  the  pus,  which  in  such 
cases  is  usually  free  from  the  organisms  and  chemically  un irritating,  is  so 
slight  that  the  surrounding  areolar  tissue,  instead  of  becoming  softened 
by  infiltration  with  migrating  leucocytes,  as  in  an  acute  abscess,  becomes 
consolidated  partly  by  compression  and  partly  by  the  growth  of  new  fibrous 
tissue,  tiU  a  wall  of  such  density  and  distinctness  is  formed  that  it  can  be 
dissected  out  like  that  of  a  cyst  (Fig.  92).  Such  an  abscess  slowly  extends 
and  may  burrow  to  a  considerable  distance  from  its  original  starting  point. 
The  course  it  follows  is  determined  first  by  the  fascia  beneath  which  it  may 
be  burrowing.  As  a  general  rule  it  does  not  perforate  a  fascia,  as  this 
vol,.  I.  K 
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hccomes  thickened  by  the  growth  of  new  fibrous  tissue  rather  than  thinned 
by  ulceration  or  pressure.  Secondly,  it  burrows  in  the  spaces  along  which  the 
larger  arteries  run  ;  thus,  a  psoas  abscess,  after  following  the  muscle  beneath 
the  fascia  to  the  groin,  comes  in  relation  with  the  profunda,  and  follows  it 
amongst  the  adductor  niuscles,  often  sending  out  processes  along  the  cir- 
cumflex arteries  and  their  branches  reaching  to  the  gluteal  region.  The  i'act 
that  the  pus  usually  advances  in  a  downward  direction  apparently  under  the 
influence  of  gravity  has  given  rise  to  the  name  gravitation  abscesses  which  is 
sometimes  apphed  to  them.  These  abscesses  do  not  readily  point,  and  their 
duration  is  often  very  remarkable.  I  have  seen  large  chronic  abscesses  in  the 
iliac  fossa  and  groin  perfectly  stationary  for  nearly  two  years.  The  fluid 
they  contain  is  usually  thin,  flaky  and  curdy,  though  in  some  cases  the  pus 
is  healthy  in  appearance.  Sometimes  they  contain  masses  of  a  soft  yellowish 
substance,  apparently  formed  of  coagulated  fibrin  entangling  the  fatty  remains 
of  degenerated  pus-cells,  but  more  commonly  the  shreds  and  flakes  are  of  small 
size.  No  micrococci  or  bacteria  are  found  in  the  pus  of  a  chi-onic  abscess ; 
and,  however  long  it  may  remain  unopened,  it  shows  no  tendency  to  jmtrefac- 
tion  until  air  is  admitted  from  without.  When  such  an  abscess  has  been 
opened,  the  wall  of  the  sac  is  found  in  most  cases  to  be  lined  by  a  thin  layer  of 
adherent  cheesy  matter  ;  in  other  cases  it  may  be  covered  by  a  smooth  layer  of 
imperfect  granulation-tissue  almost  resembling  a  mucous  membrane  in  appear- 
ance. The  cavity  is  often  crossed  by  bands  containing  vessels  of  considerable 
size.  Occasionally  the  fluid  contents  become  gradually  absorbed  and  the  abscess 
undergoes  spontaneous  cure,  its  site  being  indicated  by  some  diy  cheesy  matter 
enclosed  in  a  dense  mass  of  flbroid  tissue. 

Chronic  abscesses  of  a  somewhat  similar  character  often  fonn.  in  connection 
with  diseased  joints,  but  the  course  of  these  is  usually  more  rapid  and  the 
extent  to  which  they  burrow  is  not  so  great. 

Chronic  abscesses  are  frequently  met  with  in  connection  with  the  lymphatic 
glands  of  the  neck,  axilla  and  groin  in  consequence  of  the  gradual  softening 
of  caseous  inflammatory  products. 

In  strumous  children  it  is  not  uncommon  to  find  a  localised  chronic  inflam- 
matory process  set  up  in  the  subcutaneous  tissue  without  any  apparent  cause. 
The  inflammatory  products  undergo  fatty  degeneration  and  slowly  soften.  The 
skin  becomes  purple  and  congested,  and  finally  gives  way  at  one  point,  allow- 
ing the  curdy  fluid  to  escape,  leaving  a  cavity  loeneath  the  undermined  skin 
which  is  extremely  diflicult  to  cure. 

It  is  probable  that  a  very  large  proportion  at  least  of  the  abscesses  above 
described  are  of  tubercular  origin.  In  some  cases  tliis  has  been  proved  by  the 
demonstration  of  the  tubercle-bacillus  in  the  pus  by  staining  and  microscopic 
examination  ;  but  much  more  frequently  this  method  of  observation  fails  to 
show  the  organism.  This  seems  to  be  due  to  the  fax3t  that  the  bacilli  have 
entered  into  the  spore-bearing  stage  and  afterwards  broken  up,  leaving  only 
the  spores,  which  it  is  almost  impossible  to  detect.  The  evidence  in  favour  of 
this  is  the  fact  that  pus  from  chronic  abscesses  of  the  kind  above  described, 
even  when  no  bacilli  can  be  detected  by  the  microscope,  will  set  up  genuine 
tubercular  disease  if  injected  into  the  anterior  chamber  of  a  rabbit's  eye,  and 
.in  the  parts  affected  by  the  disease  thus  cstablislied  the  l)acilli  are  abundantly 
present. 

.  Another  form  of  chronic  abscess  is  that  occasionally  met  with  in  the 
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mamma  :  in  which  a  few  drops  of  curdy  pus  become  surrounded  by  so  dense  a 
of  fibroid  tissue  as  to  simuUxte  a  soHd  tumour.    A  similar  form  is  found 
in  the  canceUous  tissue  of  bone,  but  in  this  case  the  enclosing  wall  is  formed 
,f  very  dense  compact  osseous  tissue.    Such  abscesses  may  exist  for  an 
indefinite  period. 

Occasionally  abscesses  of  considerable  size  form  in  the  subcutaneous  tissue 
^v^thout  any  evident  cause,  and  with  but  slight  precursory  symptoms,  or  even 
w  ithout  any  at  all.  The  patient,  who  has 
usually  been  cachectic,  and  has  suffered  some 
time  from  general  debility,  feels  slight  un- 
eiisiness  in  the  groin,  iliac  fossa,  or  axilla, 
and  finds  unexpectedly  a  large  fluctuating 
tumoiu-  in  one  of  these  situations  ;  there  is 
perhaps  no  pain  in  the  part,  and  no  disco- 
loration of  the  skin,  but  the  fluctuation  is 
always  very  distinct.  On  opening  such  au 
abscess  as  this,  there  will  usuaUy  be  a  copious 
discharge  of  thin  unhealthy  pus,  which, 
when  examined  under  the  microscope,  will 
be  found  to  contain  withered  and  fatty 
cells.  In  some  cases,  the  contents  appear 
to  be  a  clear  semi-transparent  or  oily-looking 
matter.  Such  abscesses  are  often  spoken 
of  as  Lymphatic  or  Congestive. 

The  line  between  chronic  and  acute  ab- 
scesses is  not  a  sharp  one.  In  some  cases 
of  joint-disease  the  process  of  suppuration 
may  be  acute  at  the  commencement  and 
gradually  become  chronic,  the  perforation 
of  the  capsule  apparently  relieving  tension 
and  reducing  the  irritation.  On  the  other 
hand,  it  is  by  no  means  uncommon  to  see  a 
chronic  abscess  assume  an  acute  form,  and 
rapidly  increase  and  point  after  having  been 
stationary  for  years. 

Tympanitic  or  Emphysematous  AIj- 
scess.  which  contains  gas  as  well  as  pus,  is 
occasionally  met  with  in  the  neighbourhood 
of  the  alimentary  canal,  chiefly  at  the  an- 
terior and  lateral  parts  of  the  abdominal  walls,  and  about  the  sacrum. 
Sometimes  there  is  a  free  communication  with  the  intestine,  in  other  cases 
it  is  not  so  evident.  These  collections  are  often  resonant  on  percussion,  and 
sometimes  gurgling  is  very  distinct  in  them. 

Situation,  Size,  &c. — Abscesses  are  met  with  in  all  regions  of  the  body,  but 
more  especially  where  the  areolar  tissue  is  abundant,  and  the  lymphatic  glands 
are  numerous.  They  may  occur  at  any  period  of  life,  from  the  earliest  inftmcy 
to  old  age.  I  have  opened  a  very  large  abscess  in  the  axilla  of  a  child  about  a 
fortnight  old.  Their  size  varies  from  that  of  a  pin's  point  to  a  tumour  con- 
taining a  pint  or  more  of  pus.  Some  cases  of  chronic  abscesses,  when  very 
large,  are  multilocular,  the  different  cavities  being  connected  by  narrow 

a  2 


Fig.  92. — Larf,'e  Psoas  Alisp.ess  extendinj; 
down  the  Tlii!,'!!  and  Leg. 
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chamiels  of  communication  :  in  this  way  I  liave  seen  a  large  abscess  extending 
from  the  kimbar  vertebrae  to  the  iliac  fossa  down  the  thigh,  tlie  ham,  and  the 
leg,  viutil  at  last  it  was  opened  by  the  side  of  the  tendo  Achillis,  having  formed 
five  or  six  collections  of  fluid,  communicating  with  one  another  by  contracted 
channels  (Fig.  92). 

Effects. — The  prpssi/re-sjf'ecis  of  an  abscess  are  often  important.  I\v  jires- 
suru  on  the  nerves  of  a  ]3art,  it  may  give  rise  to  very  severe  pain  and  spasm  at 
a  distance  from  its  seat.  The  pains  occasioned  by  the  pressure  of  some  forms 
of  chronic  abscess  upon  neighbouring  nerves,  have  been  mistaken  for  those  of 
rheumatism  or  neuralgia.  When  blood-vessels  come  into  relation  with  an 
abscess,  they  usually  become  coated  l)y  a  thick  layer  of  granulation-tissue, 
■which  protects  them  from  injury.  In  some  cases,  however,  they  are  obliterated 
by  the  conjoined  effects  of  the  pressure  and  the  inflammation.  In  other  cases 
the  blood-vessels  have  l)een  opened  by  ulceration  and  have  burst  into  the  sac 
of  the  abscess,  occasioning  dangerous  or  even  fatal  haBmorrhage.  It  is  seldom, 
however,  that  a  large  artery  or  vein  pours  its  contents  into  an  abscess  that  has 
not  been  opened.  These  occurrences  have  taken  place  chiefly  in  the  neck,  in 
which  situation  both  the  carotid  artery,  as  in  a  case  described  by  Liston,  and 
the  internal  jugular  A-eiu,  have  opened  into  the  cavity  of  an  abscess.  The 
various  mucous  canals,  especially  the  trachea  and  the  urethra,  may  be  in- 
juriously compressed  by  neighbouring  abscesses  ;  so  also  bones  may  become 
necrosed,  and  joints  inflamed  and  destroyed  from  the  same  cause. 

Diagnosis. — The  diagnosis  of  abscess,  though  usually  easily  made,  at  times 
requires  close  attention.  The  Surgeon  believes  that  an  acute  abscess  is  about 
to  form  when,  after  rigors  and  some  modification  of  the  inflammatory  fever, 
he  finds  the  local  signs  characteristic  of  the  formation  of  pus  :  more  especially 
a  throbbing  pain  in  the  part,  with  softening  of  any  indm-ation  that  may  have 
existed,  and  oedema  of  the  areolar  tissue  covering  it.  His  suspicion  is  turned 
into  certainty,  and  he  knows  that  an  abscess  has  formed,  when,  after  the  occur- 
rence of  these  symptoms,  fluctuation  can  be  felt.  Fluctuation  is  the  sensation 
felt  by  the  Surgeon  on  placing  both  hands,  or  one  or  more  fingers  of  each 
hand  as  the  case  may  be,  Avith  moderate  firmness  upon  the  pai-t  in  which  the 
fluid  is  situated,  and  then  increasing  the  pressure  with  each  hand  alternately. 
On  so  doing,  if  fluid  be  present,  a  wave  will  be  felt  to  pass  from  under  the 
hand  which  is  pressing  more  strongly,  raising  that  which  is  apphed  less  firmly. 
In  feehng  for  fluctuation  the  Surgeon  should  always  place  as  large  a  surface  of 
each  hand  as  possible  over  the  supposed  fluid.  The  fingers  should  be  curved 
so  as  to  adapt  themselves  evenly  to  the  part,  and  the  pressure  should  be  gentle 
and  steady.  If  merely  the  tips  of  two  fingers  be  poked  into  an  inflamed  part 
it  gives  pain  to  the  patient,  causing  him  involuntarily  to  wince  and  contract 
the  inuscles  in  the  neighbourhood,  thus  obscuring  all  definite  sensations  of 
fluctuation.  In  large  collections  of  fluid,  as  in  ascites,  one  hand  may  be  placed 
on  one  side  and  the  opposite  side  struck  a  smart  blow  with  the  tip  of  one  finger 
of  the  other  hand,  wben  a  sharp  impulse  will  be  felt  distinctly  communicated 
through  the  fluid.  Tbis  method  of  feeling  fluctuation  is,  however,  scarcely 
ever  practicable  in  tlie  case  of  an  abscess. 

Fluctuation  may  readily  be  confounded  with  the  uudulatory  sensation 
communicated  by  some  tissues  from  mere  inflammatory  infiltration  into  them. 
This,  indeed,  is  a  diiference  of  degi-ee  rathei-  than  of  kind  ;  as  pus  would 
make  its  appearance  in  the  course  of  a  few  hours,  if  the  tumour  were  lefl;  to 
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itself.  Even  withoiib  this,  certain  parts  give  very  deceptive  sensations,  from 
their  natnral  laxity,  as  is  sometimes  the  case  in  the  areolar  tissue  of  the  nates 
and  thigh.  A  still  more  perfect  sense  of  fluctuation  is  given  by  a  muscle 
when  the  hands  are  applied  transversely  to  its  fibres  ;  and,  consequently,  in 
all  cases  it  is  a  rule  to  feel  for  fluctuation  with  the  hands  applied  first 
along  and  afterwards  across  the  line  of  any  muscle  that  may  be  situated 
beneath  or  over  the  suspected  collection  of  fluid.  Many  soft  solid  growths 
give  a  sense  of  fluctuation  almost  as  distinctly  as  fluid,  deceiving  even  the 
most  experienced.  In  the  case  of  an  encapsuled  tumour  the  distinction  can 
readily  be  made  by  pressing  on  its  edge  with  the  tip  of  one  finger.  If  it  is  a 
chronic  abscess  or  cyst,  unless  it  be  very  tense,  the  finger  goes  through  the 
swelling  without  anything  being  felt  to  move  ;  in  the  case  of  a  tumour  the 
solid  edge  is  felt  to  roll  away.  In  some  rare  cases,  even  when  fluid  is  present, 
fluctuation  may  be  wanting,  as  the  tension  may  be  too  great  to  allow  of  a 
wave  being  produced  in  the  contents  of  the  cavity.  The  occurrence  of 
fluctuation  alone,  however,  is  not  of  itself  sufiicient  to  determine  more  than 
that  a  fluid  exists  in  the  part.  The  question  necessarily  arises,  is  this  fluid 
pus  ?  In  the  majority  of  instances,  the  history  of  the  case,  the  character  of 
the  pain,  the  elevation  of  the  temperature,  the  previous  existence  and  the 
continuance  of  symptoms  of  inflammation,  enable  the  Surgeon  to  answer  in  the 
affirmative.  But  if,  as  in  chronic  or  cold  abscesses,  there  be  oidy  obscure 
evidence  of  inflammation  having  existed,  and  if  the  swelling  be  of  long 
standing,  the  fluctuation  being  perhaps  deeply  seated  and  indistinct,  the  safer 
plan  will  be  for  the  Surgeon  to  introduce  an  exploring  needle,  and  to  see  what 
the  true  nature  of  the  fluid  is  ;  by  this  simple  means  many  embarrassing 
mistakes  in  diagnosis  may  be  avoided. 

The  tumours  with  which  abscesses  may  more  easily  be  confounded,  are 
those  soft  solid  /7?w^^s  in  which  there  is  a  high  degree  of  elasticity,  giving  rise 
to  a  species  of  undulation,  as  in  some  soft  sarcomata.    Fluid  tumours  of 
various  kinds,  such  as  cysts  and  enlarged  bnrsEe,  may  also  be  confounded  with 
abscesses.     In  these  cases  the  previous  symptoms,  the  temperatm'e,  the 
situation,  and  the  general  appearance  and  feel  of  the  tumour,  will  usually 
enable  the  Surgeon  to  make  a  diagnosis  ;  but  should  any  doubt  exist,  the 
gr(.)oved  exploring  needle  or  a  trochar  may  be  introduced.    The  "  aspirator  " 
is  of  especial  service  in  cases  in  which  it  is  desirftble  to  withdraw  some  of 
the  contained  fluid  for  examination.    The  most  common  form  of  aspirator 
consists  of  an  exhausting  syringe  from  which  lead  two  short  nozzles  fitted 
with  stop-cocks.    To  one  of  these  is  fitted  an  india-rubber  tube,  at  the  end 
of  which  is  a.  sharp  hollow  needle  with  a  terminal  opening.    The  needle 
should  7iot  have  an  eye  some  three-quarters  of  an  inch  or  more  fi'om  the  point, 
as  is  frequently  the  case.    In  using  the  instrument,  it  should  first  be  tested 
with  a  solution  of  carbolic  acid  (1  in  20).    Bv  this  we  disinfect  aiid  cleanse 
the  needle,  and  prove  that  everything  is  in  working  order.    Both  stop-cocks 
being  closed,  the  piston  of  the  exhausting  syringe  is  raised  and  retained 
in  its  position  by  giving  the  handle  a  quarter  turn.    The  needle  is  then 
pushed  in  till  its  opening  is  buried  beneath  the  skin,  when  the  stop-cock 
leading  to  it  is  turned  on.    The  vacuum  then  extends  into  the  needle,  and  if 
this  be  gently  and  steadily  pushed  in  the  direction  of  the  suspected  abscess, 
the  moment  its  point  enters  a  cavity  containing  pus  the  fluid  will  pass  up  into 
the  syringe.    A  piece  of  glass  is  interposed  in  the  india-rubber  tube,  so  that 
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the  nature  of  the  fluid  can  be  seen,  even  if  the  quantity  be  small.  It  is  the 
use  of  the  nocdle  in  this  way,  with  the  vacuum  in  it,  that  forms  the  essential 
feature  of  the  aspirator  as  invented  by  Dieulafoy,  and  distinji^uishes  it  from 
the  old  suctioii-troc'har.  It  avoids  the  danger  of  passing  the  hollow  needle 
completely  through  the  collection  of  pus  before  the  suction  is  applied,  and  thus 
failing  to  detect  the  fluid.  In  chronic  abscesses,  even  when  a  large  needle  is 
used,  it  often  becomes  choked  immediately  by  the  flakes  of  cheesy  matter 
floating  in  the  fluid,  but  this  rarely  happens  before  enough  fluid  has  been 
obtained  to  indicate  its  nature. 

Fig.  98  represents  Coxeter's  aspirator,  which  can  be  converted,  if  necessary. 


Fig.  93. — ^ii-Spirator,  couvertible  into  a  Syphon. 

A,  Brass  syringe,  h.  Glass  at  lower  end.  c.  Stop-cock,  jjutting  the  syringe  into  connection  either  with 
the.  discharge-pipe  or  the  needle,  d.  Needle,  u.  Small  cock,  oiiening  into  a  side  tube,  to  be  used  as 
a  syphon  if  required. 

into  a  syphon.  One  stop-cock  c,  as  represented  in  the  drawing,  closes  both 
tubes.  The  piston  A  being  withdi-awn,  and  a  vacmun  so  produced,  the  cock  c 
is  turned  on  so  that  it  is  parallel  to  the  syringe,  and  the  vacuum  is  thus  put 
in  connection  with  the  needle  u.  While  doing  this,  the  small  cock  at  e  must 
be  closed.  If  it  be  determined  to  use  the  apparatus  as  a  syphon,  the  cock  E 
must  be  opened,  and  the  handle  of  the  piston  forced  down  so  as  to  fill  the 
long  tube  passing  downwards  from  e  with  the  fluid  already  drawn  from  the 
cavity.    The  cock  C  now  being  turned  oft",  the  fluid  will  continue  to  flow. 

The  diagnosis  of  an  abscess  having  pulsation  communicated  to  it  by  a 
subjacent  artery,  from  an  aneurism,  will  be  discussed  when  we  come  to  speak 
of  that  disease. 

Prognosis. — Abscesses  vary  greatly  in  danger,  according  to  their  nature, 
size,  situation,  and  cause,  and  the  constitution  of  the  patient.    The  chronic 
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form  is  usually  attended  by  more  risk  than  the  acute,  but  this  risk  has  been 
greatly  diminished  by  the  introduction  of  the  antiseptic  treatment.  The 
puerperal  and  pyasmic  forms  are  especially  hazardous  to  life,  being  merely  a  part 
of  a  general  infective  process.  The  large  size  of  some  abscesses  is  an  element 
of  great  risk,  occasioning  not  only  a  very  abundant  dischai'ge  of  pus,  but  like- 
wise great  constitutional  disturbance  when  they  are  opened,  unless  they  are 
successfully  drained  and  all  decomposition  of  the  discharges  prevented. 
Abscesses  that  are  situated  in  the  neighbourhood  of  important  organs,  as 
about  the  neck  of  the  bladder,  or  in  the  anterior  mediastinum,  are  necessarily 
much  more  hazardous  from  the  peculiarity  of  their  situation  than  those 
which  are  met  with  in  less  important  regions.  The  cause  of  the  abscess  also 
influences  the  result  ;  if  it  be  a  piece  of  dead  bone  that  can  be  removed,  the 
discharge  will  speedily  cease  if  the  fragment  be  taken  away  ;  but  if  it  be  so 
situated  that  it  cannot  be  got  rid  of,  it  wiU,  by  acting  as  a  continuous  source 
of  irritation,  keep  up  a  discharge  that  may  eventually  prove  fatal.  The 
constitution  of  the  patient  influences  om-  prognosis.  Such  an  amount  of 
discharge  as  would  inevitably  prove  fatal  in  a  cachectic  system,  may  aflect  a 
sound  one  but  very  little  ;  so,  also,  the  wasting  eifect  of  an  abscess  is  better 
borne  about  middle  age  than  at  either  of  the  extreme  periods  of  life. 

Treatmbxt. — The  treatment  of  suppuration  presents  three  points  requiring 
attention.  The  first  object  should  be  to  prevent  the  formation  of  matter  ;  the 
next  to  take  steps  for  its  evacuation  when  formed  ;  and  the  last  to  endeaA  our 
to  close  the  cavity  that  results. 

The  treatment  necessary  to  prevent  suppuration  in  open  wounds,  or,  in 
other  words,  to  obtain  union  by  first  intention,  will  be  fully  described  in 
Chapter  IX. 

In  cases  in  which  there  is  no  open  wound,  the  preventive  treatment  of  acute 
suppuration  is  nothing  more  than  the  preventive  treatment  of  inflammation 
ah-eady  described  (p.  194).  In  chi'onic  inflammations  threatening  to  end  in 
suppuration,  the  constitutional  treatment  described  on  p.  219  is  of  the  greatest 
importance  in  preventing  its  occurrence.  If  the  inflammation  is  affecting 
some  superficial  part,  the  swelling  from  exudation-matter,  which  is  often  the 
precursor  of  chronic  abscess,  may  be  got  rid  of  by  the  continuous  application 
of  some  discutient  lotion.  One  composed  of  iodide  of  potassium  Ji.,  spirits  of 
wine  §1.,  water  S^ijv  is  sometimes  useful.  In  some  cases  absorption  may 
be  promoted  by  mercurial  ointments  or  plasters.  When  once  pus  has 
formed,  it  has  been  questioned  whether  it  is  ever  absorbed  again  ;  in  general, 
it  certainly  is  not,  but  in  some  cases  it  may  undergo  absorption  :  thus,  in 
hypopyon,  we  occasionally  observe  that  the  pus  deposited  in  the  anterior 
chamber  of  the  eye  is  removed.  Again,  in  the  treatment  of  abscesses  by 
aspiration,-  a  cure  sometimes  results  whe,n  it  can  hardly  be  supposed  that  every 
drop  of  pus  has  been  removed  by  the  instrument.  In  chronic  abscesses  the 
more  fluid  parts  are  occasionally  absorbed,  leaving  a  cheesy  residue,  in  which 
h'me  salts  may  be  deposited  forming  a  cretaceous  mass. 

When,  notwithstanding  the  employment  of  preventive  means,  it  is  evident 
that  pus  is  about  to  form,  an  endeavour  should  be  made  to  hasten  supjmraimi 
by  the  application  of  warmth  and  moisture.  When  it  is  fully  establisiied, 
the  abscess  having  become  "  ripe,"  steps  must  be  taken  for  the  evacuation  of 
the  matter.  The  treatment  of  acute  and  of  chronic  abscesses  difl'ers  in  some 
res])ects. 
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Time  of  Opening.— In  an  Acute  Abscess,  the  matter  should  in  all  cases 
be  let  out  as  soon  as  its  presence  is  recognised.  When  this  is  done,  the  patient 
at  once  experiences  gi-eat  relief,  the  fever  and  genei-al  irritation  subsiding 
materially  ;  the  free  incision  not  only  letting  out  the  pus,  but  removing 
tension  and  relieving  ]3ain.  The  rule  of  (jpening  an  acute  abscess  early  Ik 
especially  imperative  when  the  pas  is  formed  in  the  sheaths  of  the  tendons 
and  under  fibrous  expansions  where  there  is  much  tension  ;  also  when  it  is 
situated  deeply  in  the  areolar  planes  of  a  limb,  undei-  the  larger  muscles,  whei-e 
it  has  a  tendency  to  diffuse  itself  extensively.  In  those  cases,  likewise,  in 
which  pus  is  lodged  in  close  proximity  to  a  joint  or  under  the  ])eriosteuin.  it 
must  be  let  out  early;  so  also,  when  it  pi-esses  upon  mucous  canals  or  im- 
portant organs,  as  on  the  urethra  or  trachea,  or  when  it  is  dependent  on  the 
infiltration  of  an  irritant  fluid  into  a  part,  as  in  urinary  extravasation,  it  must 
be  evacuated  mthout  delay.  The  pus  should  be  let  out  before  the  skin  cover- 
ing it  is  thinned,  especially  when  the  abscess  is  situated  in  the  neck  or  in  any 
other  part  where  it  is  desirable  that  there  should  be  as  little  scarring  ai? 
possible. 

In  Chronic  Abscess,  the  rule  of  Surgery  is  not  so  explicit.  A  large 
chronic  abscess  often  comes  on  without  pain  and  without  serious  constitutional 
disturbance,  and  may  cause  the  patient  no  material  inconvenience  for  a  con- 
siderable time.  If  such  an  abscess,  however,  be  opened  \nthout  proper  pre- 
cautions to  prevent  putrefaction  of  the  discharges,  the  most  serious  or  even 
fatal  constitutional  disturbance  may  follow.  Hence  before  antiseptics  were 
used  as  they  are  now,  it  not  uncommonly  happened  that  a  patient  carried  a 
chronic  abscess  unopened,  without  any  very  serious  inconvenience,  for  many 
months  or  even  years,  but  ^vhen  it  was  opened  he  died  in  a  few  days.  In  such 
cases  death  occm-red  from  poisoning  by  the  chemical  products  of  putrefaction 
— septic  poisoning.  The  fear  of  this  accident  deterred  Surgeons  from  a]iply- 
ing  the  rule  of  early  opening  to  chronic  abscesses,  and  it  was  formerly  the 
custom  to  leave  them  unopened  until  the  skin  covering  them  threatened  to 
give  way.  At  the  present  time  chronic  abscesses  are  usuaUy  opened,  or  at  any 
rate  their  contents  remo^^ed  by  aspiration  or  other  means,  as  soon  as  the  presence 
of  pus  is  recognised.  If,  however,  the  abscess  be  very  deeply  situated,  requir- 
ing an  extensive  operation  to  reach  it,  it  is  sometimes  advisable  to  wait  until 
it  advances  to  a  more  convenient  situation  before  opening  it. 

There  are  three  methods  by  which  the  pus  may  be  removed  from  an  abscess. 
Incision,  Tapping  with  an  aspirator  or  trochar,  and  making  an  aperture  in  the 
sac  with  (Jausiics. 

Treatment  of  Acute  Abscesses. — Incision  is  the  only  mode  of  treatment 
a])plicable  to  acute  abscesses.  Experience  has  shown  that  aspiration  is  so  rarely 
successful,  that  save  under  very  exceptional  circumstances  it  should  never  be 
resorted  to.  Whenever  an  abscess,  even  of  the  smallest  size,  is  opened,  precau- 
tions should  be  taken  to  prevent  decomposition  of  the  discharges  while  the 
cavity  is  closing.  This  is  d(me  by  the  use  of  antiseptics  in  exactly  the  same 
way  as  in  the  treatment  of  wounds  (see  Chapter  IX.).  It  would  at  first  sight 
seem  of  little  importance  whether  organisms  were  admitted  froiii  without  or 
not,  as  in  acute  abscesses  they  are  always  present  before  the  opening  is  made. 
But  observation  has  shown  that  the  micrococci  of  abscesses  soon  disappear 
from  the  discharges  if  some  efficient  antiseptic  dressing  be  applied.  It  is 
probable  that  the  opening  of  the  abscess  by  relieving  the  surrounding  tissues 
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f  rom  tension,  allows  them  to  recover  their  vitality,  and  if  at  the  same  time  the 
cavity  be  thoroughly  drained,  the  conditions  become  unfavouralde  for  the 
growth  of  the  organisms.  Experience  also  teaches  us  that  should  ordinary 
putrefaction  occur  in  the  discharges,  sup])uration  is  prolonged,  and  the  danger 
of  some  general  infective  process  such  as  septica3mia  or  pysemia  is  greatly 
increased.  If  at  the  same  time  the  drainage  of  the  cavity  be  imperfect,  so 
that  it  is  possible  for  decomposing  discharges  to  accumulate,  febrile  disturb- 
ance from  the  absorption  of  the  products  of  putrefaction  is  sure  to  follow.  If 
from  any  cause  antiseptics  are  not  available,  the  risk  of  serious  septic  poison- 
ing or  other  trouble  may  in  most  cases  be  avoided  by  free  incisions  or  large 
drainage-tubes,  for  it  must  not  be  forgotten  that  if  the  cavity  can  be  perfectly 
drained  nothing  will  be  left  in  it  to  putrefy.  To  open  an  abscess  imperfectly, 
and  to  allow  the  contents  of  the  cavity  to  decompose,  will  only  aggravate  the 
condition  of  the  patient. 

In  making  the  incision,  an  abscess-bistoury  (Fig.  94),  or  a  sickle-shaped 
knife,  or  a  scalpel,  may  be  used.  The  incision  should  be  made  either  at  the 
point  where  fluctuation  is  most  distinct,  or  at  the  most  dependent  part  of  the 


Fig.  94. — Abscess-bistoury. 


tumour,  SO  as  to  prevent  subsequent  bagging  of  the  matter.  It  should  be 
made  by  holding  the  bistoury  short,  and  introducing  it  perpendicularly  into 
the  softened  part.  If  the  depth  to  be  reached  be  considerable,  the  blade  of 
the  bistoury  should  be  half  turned  round  after  its  introduction,  when  the  pus 
wells  u]:)  by  its  side,  the  point  being  felt  to  move  freely  in  the  cavity  of  the 
abscess.  The  incision  must  then  be  continued  for  a  moderate  extent  in  the 
direction  of  the  natural  folds  of  the  sldn  of  the  part  if  possible,  and  always 
parallel  to  the  course  of  the  chief  vessels.  The  pus  should  be  let  out  freely,  so 
as  to  ahow  the  walls  of  the  abscess  to  collapse,  but  it  should  not  1)0  forced  out 
by  squeezing  the  sac. 

If  the  abscess  be  small  and  superficial,  and  the  opening  sufficiently  free,  a 
small  piece  of  lint  soaked  in  carbolic  oil,  terebene  oil,  or  some  other  antiseptic, 
inserted  between  the  li])s  of  the  wound  to  prevent  their  adhering  immediately, 
is  all  that  is  required,  but,  if  the  abscess  be  of  greater  size  or  more  deeply 
situated,  a  drainage-tuba  should  be  inserted. 

The  Drainage-tube  was  introduced  into  modern  surgical  practice  by  Chas- 
saignac.  It  is  of  the  greatest  value  in  keeping  the  cavities  of  abscesses,  and, 
indeed,  the  interior  of  wounds  generally,  free  from  those  fluid  accumulations 
which  are  apt  to  undergo  decomposition,  and  thus  become  the  source  alike  of 
local  irritation  and  of  constitutional  infection. 

In^  1855,  in  the  "  Gazette  des  Hopitaux,"  was  published  the  following 
description  of  Chassaignac's  method  of  employing  surgical  drainage  "  The 
principle  of  Surgical  Drainage  consists  in  establishing  a  continuous  outward 
flow  of  the  fluids,  or,  in  other  words,  in  bringing  about  a  sort  of  drying-up  of 
purulent  collections.  It  is  necessary  to  employ  tubes  of  vulcanised  caoutchouc 
of  difi'erent  diameters,  the  medium  size  being  that  of  a  crow's  quill,  pierced  at 
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intervals  with  small  holes  like  those  of  the  eye  of  a  catheter.  These  tubes  are", 
placed  across  abscesses  oi-  puruleut  collections  in  such  a  way  that  tlie  liquids 
penetrating  through  the  holes  in  the  sides  of  the  tubes  may  easily  flow  along 
their  whole  length,  and  contijiuously  drop  from  their  ends  or  from  that  one 
which  is  more  dependent.  These  tubes  are  introduced  in  the  same  way  tliat 
a  seton  is  ....  the  end  of  the  tube  is  split  in  two,  and  each  piece  is  fixed 
to  the  skin  by  a  strii)  of  plaster."  To  this  descri])tioii  nothing  need  be  added. 
No  improvement  has  been  made  on  the  method  devised  by  Chassaignac  more 
than  a  quarter  of  a  century  ago. 

The  tubes  made  of  the  red  india-rubber  are  the  most  durable.  They  must 
correspoud  in  size  to  the  capacity  of  the  cavity  they  are  intended  to  drain  ; 
not  so  much  because  a  small  tube  could  not  carry  oflp  all  the  fluid  that  escapes, 
but  the  larger  tubes  are  less  likely  to  get  accidentally  choked,  and  the  larger 
the  cavity,  the  more  serious  would  be  the  consequences  of  such  an  accident. 
A  couple  of  threads  about  2  inches  in  length,  must  be  attached  one  to  each 
side  of  tbe  superficial  end  of  the  tube.  These  lie  upon  the  skin  beneath  the 
dressing  when  the  tube  has  been  inserted,  and  prevent  its  slipping  into  the 
cavity.    This  precaution  is  very  important,  as  many  accidents  have  happened 

from  its  not  being  taken.  A  few  years  ago,  a  patient 
threatened  an  action  for  damages  against  the  autho- 
rities of  an  hospital,  because  through  the  neglect  of 
this  detail  on  the  part  of  a  dresser,  the  tube  had 
slipped  into  the  cavity  of  an  abscess,  and  had  been 
lost  and  forgotten  ;  by  which  accident  the  cure  was 
considerably  delayed.  The  tubes  should  be  kept  in 
a  solution  of  carbolic  acid  in  water  (1  in  20)  for  afc 
least  twenty-four  hom-s  before  being  used,  lest  they 
carry  infective  matter  into  the  cavity  of  the  abscess. 

In  deep  abscesses  the  drainage-tube  is  used  in 
the  following  way.  The  abscess  having  been  opened 
and  the  pus  allowed  to  escape,  the  depth  of  the 
cavity  is  measured  with  a  probe,  or  with  a  pair 
of  small  "sinus-forceps"  (Fig.  95),  which  serve  to 
introduce  the  tube.  The  depth  having  been  ascer- 
tained, a  piece  of  tube  of  the  necessary  length  is  cut 
off.  It  is  then  seized  in  the  sinus-forceps,  and  pushed 
in  till  the  open  mouth  with  the  threads  attached  is 
exactly  level  with  the  skin.  If  the  tulio  passes  in 
obliquely  beneath  the  skin,  its  mouth  must  be  bevelled 
so  as  to  correspond  accurately  to  the  surface.  If 
a  long  piece  of  tube  be  allowed  to  hang  out,  its  end 
is  folded  over  under  the  dressing,  and  thus  the  lumen 
is  completely  obstru(;ted.  Another  very  convenient  way  of  introducing 
these  tubes  is,  by  fixing  them  on  the  end  of  a  forked  probe  (Figs.  9fi  and  07). 
by  which  the  tube  is  canned  into  the  abscess  and  left  there  on  the  withdrawal 
of  the  probe. 

In  some  large  abscesses  it  \\  ill  be  found  convenient  to  pass  in  two  tubes  at 
difi"erent  openings.  This  is  much  better  than  passing  a  single  tube  through 
the  cavity,  as  it  allows  the  middle  pai't  to  heal,  and  diminishes  the  chance  of 
a  troublesome  suppurating  track  being  left,    A  drainage-tube  had  l)etter  not 


Fig.  0:j.  — Siniis-forceps. 
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lie  removed  for  three  days,  otherwise  there  may  be  some  trouble  in  putting  it 
in  again  ;  but  by  the  third  day,  it  has  usually  made  a  track  for  itself,  into 
which  it  can  readily  be  passed  when  it  has  been  taken .  out  for  cleaning.  If 
the  case  does  well,  as  the  abscess  gradually  closes  from  the  bottom,  the  tube 
becomes  pushed  out ;  when  this  commences  to  take  place,  it  must  be  gradually 
shortened  to  accommodate  it  to  the  diminished  size  of  the  cavity.  A  tube  of 
smaller  diameter  may  also  be  used  with  advantage  as  the  discharge  diminishes. 

After  the  opening  of  an  abscess  it  may  happen  that  the  cavity  fills  with 
blood  by  the  rupture  of  some  small  vessels  in  its  walls ;  this,  however,  is 
of  little  moment,  the  htemorrhage  speedily  ceasing 
II       on  the  application  of  pressure  by  a  baudage,  or 
yf       of  cold.    Provided  the  incision  has  to  be  carried 
'        only  through  the  integumental  structures  and  fascia, 
!         in  order  to  afford  an  outlet  for  the  pus,  there  can 
i         be  but  little  danger  of  liEemorrhage  from  an  ac- 
!         cidental  wound  of  any  blood-vessel  of  importance  ; 
and,  should  bleeding  occur,  it  will  probably  be  of 
a  venous  character,  and  may  be  arrested  by  pressure 
and  position.    It  is  wiser,  however,  for  a  Surgeon 
to  make  it  a  rule  never  to  open  even  a  superficial 
abscess  without  having  tlie  necessary  moans  at 
hand  for  the  arrest  of  arterial  hEemorrhage.  WJien 
gg      the  abscess  is  more  deeply  seated,  lying  under  the 
Forked  pr(Aie  superficial  musclcs,  which  it  will  then  be  necessary  ^  ^M-  '•'I- , 

for  introduc-  .  ''  Drainage-tuni^ 

ing Drainage-  to  penetrate,  morc  scHOus  conscqueuces  may  ensue,  and  Forked 
"  and  the  incautious  use  of  the  knife  may  lead  to 

the  most  perilous  results.  This  is  more  particularly  aj)t  to  occur  in  sub- 
periosteal abscesses  of  the  thigh  ;  and  I  have  more  than  once  known 
such  profuse  arterial  hEemorrhage  follow  incisions  made  for  the  pm-pose 
of  evacuating  pus  deeply  lodged  in  the  limb  in  these  cases,  as  to  necessitate 
the  ligature  of  the  femoral  artery  In  order  to  avoid  this  danger,  Hilton 
advised  that  abscesses  so  situated  should  be  opened  in  the  following  way. 
An  incision  is  made  through  the  integuments  and  fascia  so  as  to  expose  the 
muscle  under  which  the  pus  lies  ;  a  director  is  then  pushed  through  the 
substance  of  the  muscle  into  the  cavity  of  the  abscess,  and  along  the  groove 
of  this  a  slender  pair  of  dressing-forceps  is  passed  :  when  it  reaches  the 
abscess  the  blades  are  opened  up,  the  muscular  fibres  separated,  and  free  exit 
given  to  the  pus.  The  opening  thus  made  must  be  maintained  by  the  insertion 
of  a  drainage-tube,  or  the  patient's  condition  will  be  but  little  improved,  as 
the  muscular  fibres  come  together  again  as  soon  as  the  dressing-forceps  are 
removed,  and  proper  drainage  being  thus  rendered  impossible,  the  pus  will 
soon  re-acciimulate,  and,  air  having  been  admitted,  may  decompose  and  give 
rise  to  septic  poisoning. 

After  the  opening  has  been  made  the  cavity  left  eventually  fills  up  either 
by  the  coalescence  of  the  sides  or  by  granulating  from  the  bottom.  If  from 
the  situation  of  the  opening  the  cavity  does  not  drain  properly  but  becomes 
partly  filled  again  with  pus  a  fresh  incision,  termed  a  "  counter-opening,"  may 
require  to  be  made  in  the  most  dependent  part. 

The  treatment  of  the  abscess  from  the  time  it  is  opened  till  the  cavity  is 
closed,  is  best  can-ied  out  by  the  application  of  some  eflRcient  absorbent  anti- 
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septic  dressing,  any  one  of  those  mentioned  in  the  last  chapter  being  used 
which  the  Surgeon  may  prefer.  In  cases  of  acute  diifuse  suppuration  in 
Avhich  it  may  be  wislied  to  continue  the  appHcation  of  warmtli  and  moisture 
after  the  incision  has  been  made,  fomentations  of  boracic  acid  lint  or  of 
salicylic  wool  will  be  found  most  useful.  In  situations  in  which  it  is  difficult 
to  apply  an  efficient  antiseptic  dressing,  as  at  the  margin  of  the  anus,  the 
introduction  of  a  small  quantity  of  iodoform  into  the  cavity  will  usually  act 
as  an  efficient  antiseptic. 

Linseed-meal  poultices  are  not  to  be  recommended.  They  encourage  putre- 
faction and  suppuration,  and  often  become  extremely  foul  when  soaked  in  pus. 

Treatment  of  Chronic  Abscesses. — The  contents  of  a  chronic  absces-s 
may  be  evacuated  by  Incision,  by  Caustics,  or  by  Tapping. 

Caustics  are  only  applicable  to  small  chronic  subcutaneous  abscesses,  the 
skin  covering  which  is  much  undermined,  congested,  and  discoloured,  in 
such  cases  I  have  frequently  destroyed  the  thinned  skin,  and  at  the  same  time 
opened  the  abscess  by  the  application  of  potassa  f  usa.  This  method  is  some- 
W'hat  paiiiful,  and  an  equally  good  result  may  be  obtained  by  opening  the 
abscess  with  a  knife,  and  cutting  away  the  undermined  skin  with  scissors. 

Tapping  can  be  adopted  in  a  very  large  proportion  of  chi-onic  absces.ses,  and 
occasionally  succeeds  in  effecting  a  cm-e.  Even  if  it  fails  to  cure,  it  is  often 
of  great  service  in  diminishing  the  size  of  the  sac,  and  thus  lessening  the  risk 
of  profuse  suppuration  if  an  opening  ultimately  becomes  necessary.  It  may 
happen  also  that  a  large  abscess  occurs  in  a  patient  who  is  dying  from  tuber- 
cular or  other  chronic  disease,  and  in  such  a  case  tapping  would  probably 
relieve  the  patient  for  the  remainder  of  his  life.  In  large  chronic  abscesses  it 
is  safer  to  resort  to  tapping  if  the  Surgeon  is  placed  in  circumstances  which 
render  any  efficient  antiseptic  treatment  impossible. 

Tapping  is  best  performed  by  means  of  the  aspirator,  the  mode  of  using 
which  has  already  been  described  (p.  245).  Should  the  needle  become  blocked 
by  curdy  matter,  incision  with  drainage  becomes  the  only  available  treatment. 
If  the.  pus  comes  freely  throttgh  the  needle,  the  aspiration  should  be  continued 
as  long  as  it  flows,  or  until  it  becomes  darkly  stained  with  blood.  During  the 
aspiration  the  needle  should  be  kept  perfectly  steady,  to  avoid  any  needless 
damage  to  the  wall  of  the  abscess,  and  all  pressure  Avith  the  hand  or  squeezing 
should  be  avoided,  as  the  pressure  of  the  atmosphere  is  quite  sufficient  to  force 
the  fluid  into  the  vacuum  in  the  aspirator.  In  withdrawing  the  needle  care 
should  be  taken  to  maintain  a  vacuum  in  it,  lest  a  track  of  pus  be  left  which 
might  hinder  the  closure  of  the  puncture. 

1  n  the  absence  of  the  aspirator,  the  abscess  may  be  tiipped  with  a  trochar 
and  cannula,  carefully  ptu-ified  with  carbolic  acid  or  by  heat  before  being  used. 
The  instrument  should  be  introduced  obli<(uely  between  the  skin  and  the 
abscess,  and  then  made  to  dip  down  into  the  sac.  In  order  to  prevent  the 
entrance  of  air,  firm  and  even  pressure  should  be  made  over  the  sac  till 
the  trochar  is  withdrawn.  As  a  further  precaution  a  funnel-shaped  piece  of 
linen  rag,  soaked  in  carbolic  oil  oi-  some  other  antiseptic  fluid,  may  be  fixed 
to  the  outer  end  of  the  cannula,  and  allowed  to  hang  down  while  the  pus  is 
escaping.  This  allows  the  pus  to  flow  freely  out,  but  presents  a  valve-hke 
obstruction  to  the  entrance  of  air.  After  either  aspiration  or  tap]iing  with  a 
trochar,  some  cotton-wool  soaked  in  collodion,  or  a  ])iece  of  plaster,  must  be 
j)laced  over  the  puncture. 
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III  the  absence  of  an  aspirator  or  a  trochar,  the  pus  may  be  let  out  by  the 
va.lvidar  opeiiimj  recommended  by  Abcrnethy,  with  the  object  of  preventing 
the  entry  of  air.  The  valvular  opening  was  made  by  drawing  the  skin  cover- 
ing the  abscess  well  to  one  side,  then  passing  the  bistoury  directly  into  the 
sac,  and  allowing  as  much  of  the  pus  to  escape  as  would  flow  out  l)y  the 
collapse  of  the  walls  of  the  abscess  ;  before  the  matter  had  quite  ceased  to 
flow,  and  consequently  before  any  air  could  have  entered  the  sac,  the  skin  was 
allowed  to  recover  its  natural  position,  so  that  the  aperture  in  it  and  that  in 
1  he  wall  of  the  abscess  might  no  longer  directly  communicate.  A  piece  of 
plaster,  or  of  lint  soaked  in  collodion,  was  placed  upon  the  external  wound, 
which  often  healed  under  this  covering  in  the  course  of  a  short  time.  When 
the  cyst  of  the  abscess  had  again  filled  somewhat,  this  process  was  repeated ; 
so  that,  less  and  less  pus  being  allowed  to  accumulate  in  it  before  each  succeed- 
ing evacuation,  it  might  gradually  contract  and  close.  This  mode  of  treatment 
is  seldom  practised  in  the  present  day. 

Tapping,  folloived  ly  the  injection  of  an  antiseptic  or  stimulating  jtuid  into  the 
sac.  is  a  mode  of  treatment  which  has  been  frequently  recommended,  but  has 
not  generally  been  received  with  much  favour.  It  has,  however,  been  lately 
adopted  in  a  considerable  number  of  cases  by  Bilhoth,  and  the  results  have 
been  recorded  by  Frankel.  The  treatment  is  thus  carried  out.  The  sac  of 
the  abscess  is  emptied  as  completely  as  possible  by  means  of  the  aspirator,  and 
then  through  the  needle  a  varying  quantity  of  an  emulsion  of  iodoform  and 
glycerine  (1  part  to  10  by  weight)  is  injected  into  the  sac.  The  quantity  used 
depends  upon  the  size  of  the  abscess,  and  in  Billroth's  cases  varied  from  about 
1  to  3  ounces.  The  needle  is  then  withdrawn,  and  the  opening  sealed  with 
collodion.  Of  20  cases  treated  ui  this  way,  eighteen  were  cured,  although 
several  were  undoubtedly  connected  with  diseased  bone.  In  some  it  was 
necessary  to  repeat  the  operation  more  than  once.  If  the  abscess  is  on  the 
point  of  bursting,  the  treatment  is  not  Ukely  to  succeed,  as  an  opening  most 
commonly  forms  at  the  seat  of  puncture.  Although  the  quantity  of  iodoform 
inje(!ted  was  very  large,  no  cases  of  poisoning  are  mentioned. 

Iiwision  is,  however,  the  mode  of  treatment  which  becomes  necessary  sooner 
or  later  in  the  great  majority  of  chronic  abscesses.  The  dangers  attending 
the  opening  of  a  large  chronic  abscess,  should  putrefaction  of  the  discharges 
follow,  have  already  been  pointed  out.  It  is  essential,  therefore,  that  the 
Surgeon  should  adopt  efficient  means  to  prevent  this  accident.  The  antiseptic 
treatment  in  the  case  of  a  chronic  abscess  diifers  in  no  respect  from  that  of 
any  other  operation-wound,  and  is  fully  described  in  Chapter  IX.  If  from 
any  cause  it  be  not  possible  to  adopt  any  of  the  methods  of  treatment  there 
described,  the  dangers  that  follow  the  admission  of  air  may  be  greatly  reduced 
by  making  very  free  incisions  and  inserting  large  drainage-tubes,  so  that  the 
quantity  of  decomposable  matter  shall  be  reduced  to  a  minimum. 

In  opening  a  large  chronic  abscess,  the  wound  should  first  be  made  only 
just  large  enough  to  admit  the  forefinger,  which  should  immediately  be  thrust 
in  before  the  pus  escapes,  so  that  the  interior  of  the  cavity  can  be  examined 
before  it  coUapses.  In  this  way  the  size  and  shape  of  the  alDscess,  its  probable 
origin,  and  the  presence  or  absence  of  loose  fragments  of  bone  or  other  foreign 
bodies,  are  most  easily  determined.  In  doing  this,  however,  care  should  bo 
taken  not  to  tear  through  the  bands  which  are  often  felt  crossing  the  cavity, 
as  these  sometimes  contain  vessels  of  considerable  size. 
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If,  on  examination  with  tlie  finger,  masses  of  curdy  matter  can  be  felt,  these 
sliould  be  carefully  removed  with  a  scoop  or  sharp  sjjooii,  and  the  cavity  may 
afterwards  be  cleansed  by  means  of  a  piece  of  sponj^e  moistened  with  some 
antiseptic  fluid  and  attached  to  a  long-handled  holder.  In  many  cases  the 
healing  of  the  abscess  will  be  hastened  if  the  unhealthy  tissue  lining  the  sac 
be  scraped  away  as  completely  as  possible  by  means  of  a  "  sharp  spoon  "  (Pig. 
1)8).  This  is  especially  the  case  in  the  small  chronic  abscesses  that  result 
from  the  softening  and  slow  suppuration  of  chronically  inflamed  glands  in  the 
neck.  In  these  it  is  merely  necessary  to  make  a  small  puncture  in  the  skin, 
through  which  a  sharp  spoon  can  be  introduced.  In  this  way  the  half  softened 
cheesy  matter  can  be  removed  as  well  as  the  pus.  A  small  drainage-tube  may 
then  be  inserted,  and  an  antiseptic  dressing  applied. 

In  larger  abscesses,  such  as  those  connected  with  diseased  bone,  scraping  is 
also  very  useful,  but  it  must  be  performed  with  caution,  lest  a  large  vessel  be 
wounded.  If  profuse  capillary  haemorrhage  takes  place  from  the  wall,  it  is 
better  to  desist  from  scraping  and  to  apply  gentle  pressm'e  over  the  sac,  which 
will  immediately  arrest  the  flow  of  blood.    After  the  wall  has  been  scraped 


Fig.  9S. — Two  forms  of  Volkmanu's  "Sharp  Sjioon." 


the  cavity  may  be  further  cleaned  by  means  of  a  sponge,  as  before  described, 
A  drainage-tube  is  then  inserted,  and  an  antiseptic  th-essing  applied.  It  is 
not,  as  a  rule,  necessary  to  syringe  out  the  cavity  with  any  antiseptic  solution 
at  the  time  of  opening,  as  the  contents  are  free  from  decomposition,  and  no 
mere  washing  will  have  much  efiecb  on  the  unhealthy  tissue  forming  the  wall. 

In  abscesses  connected  with  diseased  joints  the  best  results  are  usually 
obtained  by  laying  the  cavity  very  freely  open  and  thoroughly  cleaning  away 
any  unhealthy  granulation-tissue  with  sharp  spoons  and  sponges.  No  drainage- 
tube  will  be  required  if  the  incision  be  sufficiently  free. 

If  a  chronic  abscess  has  been  opened  and,  either  from  neglect  of  antise]itic 
precautions  or  failure  of  the  means  adopted,  the  discharges  become  offensive, 
the  patient's  life  may  be  endangered  either  by  the  profuseness  of  the  suppura- 
tion or  by  the  absorption  of  the  products  of  putrefaction.  In  these  circuni-- 
stances,  if  the  abscess  has  been  opened  by  a  small  wound  not  larger  than  is 
required  for  the  insertion  of  the  drainage-tube,  it  is  wiser,  if  possiljle,  to 
enlarge  the  wound,  laying  the  whole  cavity  open,  or  if  this  be  not  possil)le,  to 
make  a  free  counter-opening.  In  this  way,  by  establishing  perfect  d^-ainage, 
the  danger  of  septic  poisoning  is  greatly  lessened.  At  the  same  time  the 
cavity  may  be  cleaned  out  somewhat  forcibly  witli  a  sponge  soaked  in  a 
solution  of  chloride  of  zinc  (.40  gr.  to  Bj.),  and  the  raw  surface  dusted  with 
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iodoform,  after  wliicli  an  antiseptic  dressing  may  be  applied.  It  is  possible 
sometimes  in  this  way  to  render  the  cavity  perfectly  aseptic.  The  immediate 
effect  of  this  proceeding  is  usually  to  cause  an  elevation  of  temperature,  soon 
followed  by  a  permanent  fall.  This  mode  of  treatment  is  specially  applicable 
to  chronic  abscesses  connected  with  joints. 

If  the  cavity  be  of  great  size  and  deeply  situated,  as  in  the  case  of  a  psoas  or 
lumbar  abscess,  complete  disinfection  is  extremely  diflRcult.  The  abscess  may 
be  washed  out  by  injection  of  some  antiseptic  solution,  such  as  Condy's  fluid,' 
carbolic  acid  lotion  (1  in  40),  corrosive  sublimate  {1  in  2000),  or  boracic  acid, 
and  by  this  means  the  offensive  smeU  of  the  discharge  may  be  diminished  ; 
but  the  suppuration  is  kept  up,  or  even  increased,  by  the  repeated  application 
of  these  ii-ritating  fluids,  and,  at  the  same  time,  if  they  are  discontinued,  the 
signs  of  putrefaction  soon  return.  Callender  pointed  out  that  this  is  in  many 
cases  due  to  the  irregularity  of  the  cavity  and  the  impossibility  of  making  the 
antiseptic  reach  every  part  of  it,  and  he  therefore  recommended  that  the  fluid 
should  be  pumped  in  at  some  degree  of  pressure,  so  as  completely  to  distend 
the  sac.  After  this  has  been  done,  some  antiseptic  dressing  may  be  a})plied. 
The  injection  must  be  done  under  an  anaesthetic,  so  as  completely  to  relax  the 
parts  round  the  abscess.  This  treatment  has  been  followed  by  very  good 
results.  The  solution  Callender  used  was  the  1  in  20  carbolic  lotion  diluted 
with  half  its  bulk  of  hot  water.  A  very  dilute  solution  of  iodine  has  also  been 
used  with  good  results.  Chloride  of  zinc,  40  grains  to  the  ounce  of  water, 
has  been  employed  for  the  same  purpose  ;  but  it  is  a  dangerous  remedy,  as  in 
that  strength  it  is  powerfully  caustic  and  can  only  be  safely  applied  with  a 
sponge  as  above  described.  In  injecting  an  abscess-cavity  with  any  anti- 
septic solution,  great  care  must  be  taken  not  to  use  too  much  force,  or  the 
sac  may  be  ruptm-ed  and  the  fluid  diffused  in  the  areolar  tissue,  an  accident 
which  might  be  fatal,  especially  if  the  stronger  antiseptics  were  being  used. 
Another  plan  lately  recommended,  is  to  introduce  iodoform  into  the  cavity  by 
means  of  a  brush,  or  on  the  end  of  the  drainage-tube,  or  by  injecting  it  as  an 
emulsion  with  glycerine  and  water.  It  must  not  be  forgotten,  however,  that 
iodoform  dissolves  very  slowly  and  adheres  to  the  wall  of  the  abscess,  so  that 
if  some  is  introduced  daily,  it  may  accumulate  until  a  quantity  is  present 
RuflBcient  to  give  rise  to  symptoms  of  poisoning.  A  case  of  this  kind  occun-ed 
in  University  College  Hospital,  which  nearly  proved  fatal  before  the  cause  of 
the  strange  symptoms  from  which  the  patient  suffered  \v-as  discovered  and 
removed. 

;  Constitutional  Treatment  of  Suppuration. — With  the  view  of  pre- 
venting the  occurrence  of  suppuration,  the  Surgeon  must  be  careful  to 
maintain  the  powers  of  the  system,  and  not  to  reduce  the  patient  too  much, 
even  if  the  inflammation  be  of  an  acute  character  at  the  outset.  Suppiu-ation 
is  a  condition  of  debility,  and  is  especially  predisposed  to  by  any  previously 
existing  enfeebled  state  of  the  system,  or  by  mahiutrition.  Another  reason 
for  the  avoidance  of  the  early  employment  of  debilitating  means  is  that,  if 
suppuration  once  be  estabhshed,  the  drain  on  the  system  may  eventually  be  so 
considerable  as  to  require  all  the  patient's  powers  to  enable  him  to  bear  up 
against  it.  Hence  they  should  be  husbanded  from  the  first.  While  the  abscess 
is  discharging,  nourishing,  tonic,  and  even  stimulating  treatment  will  be 
required  in  proportion  to  the  amount  of  debility  that  is  induced.  Amongst 
the  most  useful  medicinal  agents  are  mineral  and  vegetable  tonics,  the  mineral 
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acids,  and  fud-livor  oil  in  the  more  ciiroriio  stages.  Attention  to  hygienic 
conditions,  with  cliange  of  air,  and  residence  at  tlie  sea-side,  are  also  valuable. 
When  liectic  comes  on,  the  same  general  tonic  plan  must  be  adopted,  while 
we  have  recourse  to  means  adapted  to  meet  the  local  symptoms.  Thus,  minei'al 
acids  are  required  to  check  the  .sweating,  astringents  to  arrest  the  diarrha-a,  and 
as  much  mild  nourishment  as  the  patient  will  bear  to  support  the  strength. 

H^MOiiRHAGK  INTO  THK  CAVITY  OF  AN  Absoess  is  not  of  unfrequeiit 
occurrence.  It  may  arise  from  three  sources  :  1.  Oozing  of  blood  from  the 
vascular  wall  of  the  abscess  ;  2.  Ulceration  into  a  vein  ;  Ulcei-ation  or 
sloughing  of  the  coats  of  a  neighbouring  artery. 

The  bleeding  wliich  occurs  from  the  abscess-wall  is  the  most  frequent, 
and  the  least  important.  It  sometimes  takes  i)lace  before  the  abscess  is 
opened,  the  pus  that  escapes  being  then  found  to  be  sanious  and  mixed  with 
coagula.  More  commonly  it  occurs  after  the  opening  of  tlie  abscess,  in  con- 
sequence probably  of  the  wall  having  lost  the  support  of  the  contained  pus, 
when  the  vessels  in  the  soft  walls  give  way  and  the  cavity  speedily  fills  with 
blood.  In  these  cases  the  hgemorrhage  may  be  an-ested  by  laying  the  ca\  ity 
of  the  abscess  freely  open  and  turning  out  the  coagula,  when  the  bleeding 
usually  ceases  as  soon  as  the  interior  is  exposed  to  the  cold  air.  Should  this 
fail,  it  may  be  necessary  to  stuflF  the  cavity,  if  possible,  with  some  antiseptic 
material  as  iodoform-  or  salicylic-wool,  and  to  apply  pressm-e  with  a  bandage. 
When  the  cavity  is  closing,  the  vascular  granulations  which  form  upon  its 
walls  may  bleed  very  freely  if  any  pressure  be  accidentally  brought  to  bear 
on  the  veins  leading  from  the  part.  In  this  case  the  bleeding  ceases  imme- 
diately when  the  pressm'e  is  removed. 

Haemorrhage  from  Ulceration  extending  to  a  neighbouring  Vein,  is 
necessarily  far  more  serious.  It  has  usually  happened  from  sloughy  aljsce&ses 
formed  on  the  side  of  the  neck  or  under  the  angle  of  the  jaw,  as  a  consequence 
of  scarlatina  in  strumous  and  unhealthy  individuals,  opening  up  the  internal 
jugular  vein.  But  it  may  arise,  independently  of  any  specific  inflammation, 
in  cachectic  patients.  In  these  distressing  cases,  the  only  treatment  that  can 
be  adopted  is,  to  plug  the  cavity  of  the  abscess  with  lint  soaked  in  turpentine 
or  in  a  solution  of  the  perchloride  of  iron,  over  which  pressure  may  be  applied 
by  means  of  a  bandage  or  plasters.  In  this  way  a  fatal  result  may  be,  perhaps, 
prevented  ;  but  more  commonly  the  blood  bursts  forth  again  by  the  sides  of 
the  plugs  as  these  become  loosened,  or  as  the  sloughing  opeus  up  the  vein 
more  widely.  The  elfect  of  the  bleeding  is  greatly  aggra\-ated  by  the  depressed 
state  of  the  system,  labouring  under  the  conjoined  influences  of  a  large  sloughy 
wound  and  a  specific  poison. 

If  the  htBuiorrhage  arise  from  the  Ulceration  of  a  large  Artery,  the  case 
necessarily  becomes  one  of  extreme  urgency.  I  have  known  this  condition  to 
occur  in  the  neck  and  in  the  thigh  :  in  the  neck  ii'om  sloughy  scarlatinal 
abscess  implicating  the  carotid  ;  in  the  thigh,  from  the  extension  of  ulcei-a- 
tion  from  abscesses  and  sinuses  to  the  deep  femoral.  In  these  cases  the  artery 
should  be  compressed,  the  cavity  freely  opened  up,  and  the  bleeding  vessel 
sought  for  and  tied.  If  it  cannot  be  found,  the  main  trunk  must  be  ligatured  ; 
and,  for  obvious  reasons,  this  is  tiie  only  course  that  can  be  pursued  in  the 
upper  part  of  the  necik.  When  this  unt(jward  complication  of  abscess  occurs 
in  the  neck,  the  hremorrhage  is  usually  so  sudden  and  so  profuse  that  the 
Surgeon  has  not  time  to  tie  the  carotid  before  life  is  extinguished.  A.  J.  Pepper 
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has,  liowever,  recorded  a  case  of  severe  hajuiorrhage  after  scarlet  fe\'er,  which 
was  repeated  several  times,  and  was  fiaally  successfully  arrested  by  ligature 
of  the  common  carotid.  The  patient  was  a  man,  aged  30,  and  made  a  good 
recoA-ery.  In  the  thigh  the  case  is  not  so  urgent.  Warnings  by  repeated 
small  hasmorrhages  may  have  enabled  the  Surgeon  to  adopt  means  to  restrain 
the  bleeding  ;  and,  in  the  case  to  which  I  allude,  that  of  a  young  man,  the 
femoral  artery  was  tied  successfully. 

SiNTJS  AND  Fistula. — After  an  abscess  has  been  opened,  its  cavity  may 
not  fill  up  completely  ;  but,  contracting  into  a  narrow  suppurating  track,  it 
may  form  a  canal  without  disposition  to  close,  from  which  a  small  quantity  of 
pus  constantly  exudes,  thus  constituting  a  Sinus  or  Fistula. 

The  difference  between  a  sinus  and  a  fistula  is  this — that  a  sinus  is  merely 
a  suppurating  track  penetrating  to  a  greater  or  less  depth  amongst  the  tissues, 
closed  at  its  deep  end,  and  opening  on  the  surface  of  the  body.  A  fistula  is 
an  abnormal  communication  between  two  of  the  cavities  of  the  body,  or  be- 
tween a  cavity  and  the  surface,  or  a  track  through  which  the  secretion  of  some 
gland  or  hollow  viscus  takes  an  unnatural  course.  Thus  we  talk  of  a  sinus 
leading  down  to  dead  bone,  but  of  a  recto-vesical  fistula,  an  aerial  fistula,  a 
urinary  fistula,  &c. 

The  Causes  of  this  non-closure  of  the  cavity  of  an  abscess  may  be  referred 
to  the  following  heads : — 1.  The  presence  of  a  foreign  body,  as  a  piece  of  dead 
bone  at  the  bottom  ;  2.  The  passage  of  irritating  secretions,  as  urine,  fgeces, 
saliva,  &c,,  through  the  abscess  ;  The  contraction  of  neighbouring  muscles ; 
as  when  the  abscess  is  in  the  neighbourhood  of  the  sphincter  ani,  and  as  occa- 
sionally happens  in  abscesses  about  the  limbs  ;  and  4.  The  presence  of  an 
insufficiently  drained  cavity  at  the  bottom  of  the  sinus. 

The  orifice  of  a  sinus  or  fistula  when  situated  in  hard  and  condensed  tissues 
is  often  very  small,  depressed,  and  perhaps  covered  by  a  scab.  In  soft  tissues 
it  is  commonly  large  and  widely  open ;  when  communicating  with  bones  there 
are  usually  soft,  florid  granulations  obstrncting  it. 

Structure. — A  sinus  consists  of  a  narrow  channel,  often  long  and  winding, 
having  an  external  orifice  usually  somewhat  protuberant,  and  situated  under 
or  among  loose  florid  granulations.  The  walls  of  this  channel,  which  are 
abvays  indurated,  are  lined  by  a  layer  of  imperfectly  formed  granulations, 
exuding  ichorous  pus.  If  the  orifice  be  occluded,  this  pus  will  collect  within 
the  sinus,  and,  distending  its  walls,  reconvert  it  into  an  abscess.  In  structure, 
therefore,  a  sinus  may  be  said  to  be  a  long,  narrow,  chronic  abscess,  with  a 
permanent  external  aperture. 

The  granulation- tissue  of  a  sinus,  like  that  of  any  other  granulating  sore, 
contracts  in  healing,  and  consequently  a  healed  sinus  leaves  a  deep  dimple  in 
the  skin.  This  is  the  best  evidence  of  thorough  healing  :  a  sinus  may  always 
he  expected  to  break  open  again  if  it  skins  over  superficially  without  dimphng. 

A  fistula  may  differ  in  no  respect  from  a  sinus  when  its  length  is  consider- 
able, as  in  many  anal  and  urethral  fistula3,  but  when  it  forms  merely  a  short 
communicating  channel  between  two  cavities,  as  between  the  rectum  and 
vagina,  or  between  the  surface  and  a  cavity  or  duct,  as  in  a  tracheal  or 
sahvary  fistula,  the  granulations  may  become  completely  covered  by  epithelium 
continuous  Avith  that  at  each  end,  and  no  cure  is  possible  till  this  has  been  cut 
away  or  destroyed. 

The  Treatment  of  a  sinus  or  fistula  has  reference  to  its  cause  in  the  first 
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instance  ;  for,  until  the  foreign  body  or  the  iusuliicient  drainage  that  keeps  it 
open  and  maintains  the  discharge  has  been  removed,  it  will  be  useless  to 
attempt  its  closure.  After  the  removal  of  the  obstacle  to  healing,  we  may 
eudcavour  to  procure  obliteration  of  the  sinus  by  one  of  three  methods. 

1.  Pressure,  by  means  of  a  roller  and  graduated  compress,  so  as  to  cause 
adhesion  of  its  opposite  sides,  is  useful  in  those  cases  iu  which  the  sinus  is 
recent,  without  much  surrounding  induration,  and  so  situated,  as  upon  the 
trunk,  that  pressure  can  easily  be  applied. 

2.  A  more  healthy  condition  may  often  be  produced  in  the  sinus  by  injecl- 
ing  it  from  time  to  time  with  "  red  wash,"  or  with  tincture  of  iodine,  by  the 
introduction  of  iodoform  in  crystals  by  means  of  a  catheter,  or  by  soluble 
bougies  similar  to  those  used  in  the  treatment  of  gonorrhoea  ;  by  passing  a 
probe  coated  with  nitrate  of  silver  to  the  bottom  ;  by  passing  the  threads  of  a 
seton  or  a  drainage-tube  through  it. 

3.  Scraping  aiuay  the  callous  and  imperfectly  granulating  sides  of  the  sinus 
by  means  of  a  small  sharp  spoon  (Fig.  98),  or  destroying  them  by  means  of  a 
red-hot  wire  or  the  thermo-cautery,  is  a  very  efficacious  means  of  bringing 
about  a  closure  of  the  canal.  The  galvanic  cautery  will  often  be  found  most 
convenient,  as  the  wire  can  be  introduced  cold  and  heated  in  situ,  and  the 
danger  of  wandering  from  the  track  of  the  sinus  is  thus  avoided.  In  many 
cases  forcible  scrubbing  with  a  sponge  soaked  in  a  solution  of  chloride  of  zinc 
(40  gr.  to       and  held  in  a  pair  of  forceps  is  very  useful. 

4.  The  last  method  consists  in  laying  open  the  sinus  from  end  to  end,  and 
then  dressing  the  wound  so  that  it  may  heal  from  the  bottom  ;  in  this  way 
neighbouring  muscles,  that  have  kept  it  open  by  their  contractions,  may  also 
be  set  at  rest.  The  division  of  the  sinus  should  be  made  with  a  probe-pointed 
bistoury,  introduced  through  the  external  opening  either  by  the  aid  of  a  director 
or  without  such  assistance.  The  operation  should  be  done  eifectuaUy,  the  sinus 
being  followed  as  far  as  is  prudent,  and  laid  open  as  completely  as  possible. 
Some  fistulte,  as  the  fistula  in  ano,  require  similar  treatment,  and  may  be 
successfully  and  almost  painlessly  opened  up  by  the  slow  action  of  the  elastic 
ligature.  A  thin  cord  of  vulcanised  india-rubber  being  drawn  tlirough  and 
tied  tightly,  ulcerates  in  a  few  days  through  the  soft  parts  covering  the  track 
of  the  fistula.  This  plan  may  occasionally  be  employed  in  cases  iu  which 
heemorrhage  is  apprehended  or  the  patient  dreads  the  knife. 

5.  Fistnla3  which  are  lined  by  a  complete  epithelial  covering,  as  many 
vesico-vaginal,  recto-vaginal,  and  recto-vesical,  can  be  cured  only  by  destroy- 
ing this,  either  by  cutting  or  scraping  it  away  or  by  cauterisation.  Many 
such  fistulse  require  plastic  operations  for  their  cure. 
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ULCERATION. 

By  Ulceration  is  meant  a  progressive  destruction  of  the  tissues,  in  which 
the  sohd  parts  seem  to  melt  away  into  a  Kquid  discharge  without  the  separa- 
tion of  visible  portions  of  dead  tissue.  The  meaning  of  the  term  will  be  made 
more  clear  by  a  few  examples.  If  a  piece  of  skin  be  killed  in  any  way,  as  by 
the  application  of  some  caustic,  or  by  mechanical  violence,  there  is  at  first  no 

■  solution  of  continuity,  the  dead  tissue  is  everywhere  continuous  with  the 
living ;  but  within  a  few  hours  the  phenomena  of  inflammation  manifest  them- 
selves in  the  surrounding  living  tissues,  thus  imperfectly  marking  out  the 
limits  of  the  part  that  is  killed.  By  about  the  second  or  third  day  the  line 
between  the  dead  and  living  becomes  more  clearly  defined,  the  cuticle  at  the 
margin  of  the  living  part  becomes  loose,  and  is  raised  by  fluid  beneath  it,  and 
at  last  comes  away,  exposing  a  narrow  raw  surface  discharging  i)us ;  the  living 
tissues  which  lie  in  immediate  contact  with  the  dead,  then  seem  gradually  to 
melt  away  into  the  purulent  discharge  till  a  complete  solution  of  continuity  is 
established,  the  dead  part,  or,  as  it  is  called,  "  the  slough,"  being  completely 
loosened  and  cast  off.  This  process,  by  which  a  slough  is  separated  from  the 
pai'ts  beneath,  takes  place  entirely  at  the  expense  of  the  Kving  tissues  ;  it  is 
spoken  of  as  ulceration,  and  the  sore  left  is  called  a  simple  ulcer. 

The  effect  produced  by  the  inoculation  of  the  poison  of  a  soft  chancre  forms 
another  excellent  example  of  ulceration.  Within  twenty-four  hours  of  the 
inoculation  a  small  inflamed  spot  ai^pears,  with  redness,  swelling  and  itching : 
by  the  thii'd  day  the  cuticle  is  raised  by  a  drop  of  pus  ;  when  the  thin 
epidermic  covering  is  removed  a  small  red  sore  is  seen,  from  which  pus  exudes : 
this  slowly  extends  day  by  day,  the  discharge  being  purulent,  and  at  no  time 
do  any  visible  portions  of  dead  tissue  come  away  with  it ;  round  the  sore  the 
tissues  show  the  ordinary  signs  of  inflammation.  Such  a  sore  would  be  called 
a  specific  ulcer,  the  irritant  which  causes  the  inflammation  and  destruction  of 
the  tissues  being  a  specific  poison. 

A  third  form  of  ulceration,  differing  essentially  from  the  two  preceding,  is 
seen  in  the  later  stages  of  the  growth  of  malignant  tumours.  Thus  an 
epithehal  cancer  commences  as  a  small  hard  growth,  which  infiltrates  the 
surrounding  tissues.  By  the  pressure  of  the  growth  which  forces  its  way  into 
the  interstices  of  the  structures  which  it  is  invading,  the  original  tissues 
become  absorbed,  and  the  cancer-tissue  comes  to  occupy  their  place.  When 
the  growth  reaches  a  certain  size  its  central  parts  -degenerate,  soften  and  break 
down,  and  a  loss  of  substance  takes  place.  As  the  disease  progresses  more  and 
more  of  the  surrounding  tissue  becomes  invaded  and  destroyed  by  the  cancerous 

;  growth,  which  in  its  tm-n  breaks  down  and  melts  away  superficially.  Thus 
the  most  extensive  destruction  may  take  place.  This  process  is  described  as 
ulceration,  although  here  there  may  be  no  true  inflammation,  and  the  resulting 
sore  is  caUed  a  cancerous  or  malignant  ulcer. 
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All  these  fornis  of  ulceration  have  one  feature  lu  commoa  :  tlie  original 
tissues  are  first  infiltrated  and  pressed  upon  by  cells  foreign  to  the  ])art,  whicli 
destroy  tliem  and  occu]iy  their  i^lace  ;  tlien  in  their  turn  the  new  cells  perish, 
and  are  thrown  oft'  superficially  with  a  fluid  discharge,  and  thus  a  progressiv  e 
destruction  of  tissue  takes  place.  In  the  first  two  examples  the  invading  cells 
are  the  white  blood  corpuscles  which  have  migrated  fniui  the  vessels,  and  in 
the  last  they  are  the  special  cells  of  the  cancerous  growth. 

In  the  present  cliapter  we  have  to  deal  only  with  ulceration  as  it  occure  as 
a  part  of  the  process  of  inflammation. 

k\\  ulcer  passes  through  two  stages,  A'iz.,  1,  Extension  ;  and  2.  Eepau-.  To 
the  former  of  these  only  is  the  term  "ulceration"  applied. 

Pathology. — The  process  of  ulceration  when  dependent  on  inflammation 
hardly  needs  a  detailed  description,  as  it  differs  in  no  essential  featm'e  from 
that  already  described  as  taking  place  in  the  formation  of  an  abscess,  the  only 
variation  being  that  in  the  latter  case  the  formation  of  ])us  and  destruction  ol' 
tissue  take  place  in  a  closed  space,  while  in  the  ff>rmer  they  occm-  upon  a 
surface.  The  separation  of  a  dead  piece  of  tissue  from  the  surrounding  living 
parts  is  thus  accomplislied.  The  tissue  immediately  in  contact  with  that 
which  is  dead  must  iiecessarily  have  suffered  to  some  extent  from  the  injury 
which  has  caused  the  mischief,  and  its  vitality  thus  being  lowered,  the 
phenomena  of  inflammation  are  manifested  in  it  Avith  an  intensity  com-- 
sponding  to  the  degree  of  damage,  and  consequently  diminishing  as  we  recede 
from  the  parts  that  have  been  actually  killed.  Where  the  living  tissues  touch 
the  dead  the  condition  of  stasis  -will  be  reached,  and  those  vessels  which  pass 
from  the  dead  to  tlie  living  tissue  will  become  plugged  with  clots  extending  as 
far  as  the  next  branch  in  the  living  parts.  Beyond  the  area  of  stasis  we 
should  find  that  of  retarded  flow,  accmnulation  of  white  corpuscles,  and 
migration  ;  and,  beyond  this  again,  that  of  simple  dilatation  with  increased 
rapidity  of  flow  or  fluxion.  The  Avidth  of  the  area  in  Avhich  these 
inflammatory  phenomena  take  place  varies  greatly.  It  may  be  merely 
microscopic,  as  in  the  separation  of  a  piece  of  dead  tissue  which  has  been 
prevented  from  decomposing  by  antiseptic  treatment,  or  it  may  extend  for 
half  an  inch  or  more.  Occasionally  these  vascular  conditions  can  be  recog- 
nised clinically  by  the  effect  produced  by  the  pressure  of  the  finger  :  in  the 
area  of  fluxion  it  is  scarcely  possible  to  remove  the  finger  l)efore  the  brilliant 
red  colour  has  returned  ;  in  that  of  retarded  flow  a  second  or  more  may  elapse 
before  the  pale  mark  made  by  the  finger  has  regained  its  red  colour,  and  the 
tint  in  this  area  is  a  moi-e  dusky  red  than  in  that  of  fluxion  :  sometimes  small 
red  dots  7nay  be  lujticed  in  the  pale  patch  formed  by  the  pressure  of  the  finger, 
indicating  points  at  which  some  red  cor]iuscles  have  escaped  from  the  distended 
vessels.  Lastly,  close  to  the  dead  tissue  may  be  seen  a  dark-i-ed  line  unaltered 
by  pressure,  indi(tating  the  aiva  of  stasis  and  thrombosis,  in  which  also  many 
red  corpuscles  have  escaped  from  the  damaged  vessels.  From  the  vessels  in 
the  stage  of  retarded  flow  abundant  exudation  of  blood-plasma  and  migration 
of  the  corpuscles  take  ]ilace.  The  wandering  cells  move  in  great  numbers 
into  the  passi\'e  layer  of  tissue  touching  the  dead  part,  and  by  their  pressure 
destroy  such  remains  of  vitality  as  may  be  left ;  the  original  tissue  softens 
and  disintegrates,  its  place  becomes  occupied  by  closely-packed  crowds  of 
leucocytes  ;  the  leucocytes  in  contact  Avith  the  irritating  dead  tissue  in  their 
turn  degenerate,  and  becoming  granular  and  losing  their  adhesion,  are  separated 
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from  each  otlier  by  the  serous  exudafciou  from  the  ueighbouriug  vessels,  and 
thus  pus  is  formed  and  the  process  of  separation  is  completed.  When  this  has 
taken  place  a  siu'face  is  left  covered  superficially  by  a  uniform  layer  of  closely 
liiicked  cells  derived  from  the  white  corpuscles  which  have  migrated  from  the 
vessels.  Such  a  surface  is  a  simple  ulcer.  The  dead  tissue  which  acted  as  a 
foreign  body  being  removed,  if  no  further  source  of  irritation  be  present,  the 
surrounding  tissues  recover  from  their  impaired  vitality,  the  inflammation 
subsides,  migration  ceases,  and  the  process  of  repair  commences.  This  process 
Avill  be  described  in  the  next  chapter  with  repair  in  general.  (See  Union  by 
the  Second  Intention). 

Ulceration,  as  it  occm-s  from  the  inoculation  of  a  specific  poison,  as  in  the 
example  of  the  soft  chancre  before  given,  differs  in  no  respect  from  that  just 
described,  except  that  at  no  time  is  there  a  visible  piece  of  dead  tissue  cast  off", 
and  that  the  irritant  which  causes  the  process  is  developed  persistently  in  the 
discharges,  and,  iinless  it  be  in  some  way  destroyed,  may  continue  to  maintain 
the  destructive  process  almost  indefinitely.  It  is  evident  that  if  the  irritating 
virus  developed  in  the  sore  is  of  sufficient  intensity,  it  may  cause  death  of  the 
tissues  before  the  process  of  absorption  of  the  original  structures  and  substitu- 
tion of  a  mass  of  leucocytes  for  them,  has  had  time  to  be  completed.  It  is 
imder  these  circumstances  that  ulceration  merges  into  spreading  gangrene,  the 
tissues  no  longer  appearing  to  melt  away  in  the  hquid  discharges,  but  remain- 
ing as  a  soft,  partially  disintegi-ated  slough  on  the  surface  of  the  sore. 

The  process  of  formation  of  an  ulcer  in  skin  which  has  long  suffered  from 
chronic  inflammation  has  been  well  described  by  Billroth.  "  Let  us  suppose," 
he  says,  "  that  we  have  a  chronic  inflammation  of  the  skin  of  the  leg,  say  on 
the  anterior  surface  of  its  lower  third.  The  skin  is  traversed  by  dilated 
vessels,  hence  it  is  redder  than  normal ;  it  is  swollen,  partly  from  serous, 
partly  from  plastic  infiltration  :  and  it  is  sensitive  to  pressure.  Wandering 
ceUs  are  infiltrated,  especially  in  the  superficial  parts  of  the  cutis  :  this  renders 
the  papiUffi  longer  and  more  succulent  ;  the  development  of  the  cells  of  the 
rete  Malpighii  also  becomes  more  plentiftil,  and  its  superficial  layers  do  not 
pass  into  the  normal  horny  state  ;  the  connective  tissue  of  the  papillary  layer 
is  softer,  and  becomes  partly  gelatinous.  Now,  slight  friction  at  any  point 
suffices  to  ]-emove  the  soft,  thin,  horny  layer  of  the  epidermis.  This  exposes 
the  cell-layer  of  the  rete  Malpighii ;  new  irritation  is  set  up,  and  the  result  is 
a  suppurating  surface,  whose  upper  layer  consists  of  wandering  cells,  the  lower 
of  greatly  degenerated  and  enlarged  cutaneous  papillte.  If  at  this  stage  the 
part  were  kept  at  perfect  rest,  and  protected  from  further  iixitatiou,  the  epi- 
dei-mis  would  be  gradually  I'egenerated,  and  the  still  superficial  ulcer  would 
cicatrise.  But  usually  the  slight  superficial  wound  is  too  little  noticed,  it  is 
exposed  to  new  iiTitatiojis  of  various  kinds  ;  there  are  suppu]'ation  and  mole- 
cular destruction  of  the  exposed  inflamed  tissue,  then  of  the  papillae,  and  the 
result  is  a  loss  of  substance  which  gradually  grows  deeper  and  wider  :  the  ulcer 
is  folly  formed." 

Causes. — The  conditions  essential  to  ulcercdion  are  : — 1.  An  irritant  acting 
on  a  hmited  portion  of  the  living  tissues  with  sufficient  intensity  to  cause  the 
stage  of  retarded  flow  in  the  vessels  with  abundant  migration  of  the  white 
corpuscles,  culminating  in  stasis  and  death  in  the  parts  most  directly  acted 
on.    2.  A  persistent  action  of  the  irritant  for  a  sufficient  tiuie. 

We  have  before  seen,  in  the  Chapter  on  Inflammation  and  Suppuration, 
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that  the  effect  produced  on  a  living  tissue  by  an  irritant  depends  partly  on  the 
intensity  of  the  irritant  itself,  and  partly  on  the  power  of  resistance  of  the 
tissues,  or  in  other  words,  their  degree  of  vitality.  Consequently,  the  causes 
of  ulceration,  like  those  of  inflammation  in  general,  are  divided  into  Pre- 
disposing, or  those  which  render  tlie  tissues  hable  to  suffer  severely  from 
injurious  influences  by  impairing  their  vitality  ;  and  Exciting,  or,  in  other 
words,  the  injurious  influences  themselves. 

Predisposing  Causes. — Everything  that^acts  as  a  predisposing  cause  of 
inflammation  is  also  a  predisposing  cause  of  ulceration  (see  page  162),  and  the 
following  may  be  juentioned  as  amongst  the  most  important.  They  are  chiefly 
conditions  that  interfere  in  some  way  with  the  nutrition  of  a  part.  A  feeble 
circulation,  such  as  often  exists  in  the  lower  limbs,  in  the  alse  ftf  the  nose,  and 
in  newly  formed  or  recently  cicatrised  tissues,  predisposes  to  the  formation  of 
ulcers.  As  age  advances,  nutrition  becomes  impaired  and  the  circulation  less 
active,  and  slight  causes  suffice  to  lead  to  disintegration  of  the  structure  of  a 
part.  Hence  we  commonly  see  ulcers  of  the  legs  in  elderly  people,  more  par- 
ticularly amongst  the  poorer  classes,  arising  from  slight  irritation  or  pressure. 
Parts  cut  off  from  connection  with  a  healthy  nerve-centre  ulcerate  readily,  as 
the  nates  in  paraplegia. 

Tissues  that  have  been  passively  congested  for  a  long  time  are  apt  to  inflame 
under  the  influence  of  some  trifling  exciting  cause,  and  to  run  rapidly  into 
ulceration.  This  usually  commences  in  the  centre  of  the  part,  where  the 
nutrition  is  lowest ;  here  a  small  sore  forms,  which  exudes  thin  unhealthy 
pus,  and  rapidly  extends.  So  long  as  the  sore  is  inflamed,  it  continues  to 
spread,  and  reparation  cannot  take  place.  In  some  cases  in  which,  from  the 
above  causes,  the  vitality  has  been  greatly  lowered,  the  exciting  cause  which 
is  sufficient  to  give  rise  to  ulceration  may  be  so  slight  as  to  escape  detection. 
This  is  especially  marked  in  scrofula,  scurvy,  and  syphilis.  In  some  forms  of 
scrofulous  and  syphilitic  ulceration  the  process  resembles  in  many  respects 
that  of  malignant  ulceration — the  chronic,  inflaramatoiy  products  first  form- 
ing a  solid  mass  of  very  slow  growth,  ahnost  like  a  tumour,  which  ultimately 
degenerates  and  softens  in  the  centre,  and  is  discharged  superficially,  leaving 
a  raw  surface,  which  slowly  spreads  by  iilceration.  Tubercular  ulceration 
follows  much  the  same  course.  These  form  a  connecting  link  between  simple 
inflammatory  idceration,  and  ulceration  from  malignant  growths. 

Exciting  Causes. — The  direct  exciting  causes  of  ulceration  act  chiefly  on 
the  skin  and  mucous  membranes,  and  are  veiy  \  arious  in  character  : — 

1.  The  most  rapidly  spreading  forms  of  ulceration  arise  from  specific  infec- 
tive poisons,  as  in  phagedsenic  ulcers,  hospital  gangi-ene,  soft  chancre,  the  sore 
throat  of  scarlet  fever,  and  in  many  syphilitic  ulcerations.  ]\Iost  of  these,  at 
the  same  time,  cause  acute  inflammation,  extending  to  some  distance  beyond 
the  area  in  which  destruction  of  the  tissues  is  visibly  taking  place.  In  such 
cases  the  action  of  the  iiTitant  may  be  so  acute,  and  the  destruction  of  the 
tissues  so  rapid,  that  the  migratory  cells  may  not  have  completely  displaced 
the  original  structures  before  disintegration  occurs.  Microscopic  shreds  of  the 
spoilt  tissues  are  then  to  be  found  in  the  pus,  which  contains  fewer  genuine 
pus-cells  and  assumes  often  the  form  of  a  dirty  brownish  fluid,  discoloured  by 
the  broken-up  red  coi-puscles  from  the  disiutcgi-ating  layer  of  tissue.  When  the 
irritant  is  more  potent  still,  and  penetrates  into  the  suiTounding  parts,  destroy- 
ing them  rapidly  before  any  extensive  migration  has  had  time  to  take  place, 
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layers  of  disorganised  tissue  constituting  "  sloughs  "  arc  formed,  which  com- 
]iletelj  coyer  the  surface,  and  the  discharge  may  be  merely  serous  fluid,  scarcely 
turbid  with  cells.  The  whole  process  thus  merges  into  gangrene.  No  sharp 
line  can  be  drawn  between  spreading  gangrenous  inflammation  and  ulceration, 
and  we  call  the  intermediate  conditions  by  such  names  as  sloughing,  gangrenous 
or  phagedfenic  ulceration. 

2.  In  parts  which  have  long  sufifered  from  chronic  inflammation,  slight 
mechanical  and  chemical  causes  give  rise  to  ulceration. 

?>.  Ulceration  sometimes  commences  in  the  crypts,  or  follicles,  which  open 
m  mucous  surfaces,  as  a  consequence  of  catarrhal  inflammation,  with  accumu- 
lation of  secretion  within  their  cavities.  It  leads  to  the  formation  of  circular 
depressed  ulcers. 

4.  In  some  general  diseases,  accompanied  by  the  formation  of  vesicles  or 
pustules  on  the  cutaneous  surface,  ulcers  may  be  left  when  they  biu'st  and  dis- 
charge their  contents,  as  in  small-pox,  pemphigus,  syphilitic  rupia,  and  occa- 
sionally in  chicken-pox. 

5.  Any  injurious  influence,  whether  chemical  or  mechanical,  which  causes 
the  death  of  a  part,  necessitates  the  occurrence  of  ulceration  for  the  separation 
of  the  dead  tissue,  and  the  sore  so  left  is  an  ulcer.  Long-continued  pressure  is 
a  common  cause. 

6.  In  some  speciflc  cases,  as  before  stated,  ulceration  is  preceded  by  the 
formation  of  a  morbid  growth,  as  a  syphilitic  gumma,  tubercle,  or  a  malignant 
tumour. 

Situation. — Ulcers  may  be  situated  upon  any  part,  of  the  cutaneous  surface 
as  the  result  of  loss  of  substance  from  wound  or  other  injuiy.  Syphilitic  or 
strumous  ulcers  may  appear  on  almost  any  part  of  either  the  skin  or  the 
mucous  membranes,  but  they  most  frequently  occur  in  particular  situations  as 
on  the  penis,  lips,  tongue,  or  rectum.  Of  all  forms,  however,  perhaps  the  most 
common  with  which  we  have  to  deal,  is  the  simple  ulcer  of  the  leg,  so  common 
in  hospital  out-patients'  rooms,  and  amongst  the  poorer  classes  generally.  The 
lower  half  of  the  leg  is  the  usual  seat  of  these  simple  ulcers,  the  skin  of  that 
part  being  much  exposed  to  mechanical  violence,  and  very  prone  to  congestion 
from  position,  from  varicose  veins,  and  from  its  great  distance  from  the  centre 
of  circulation.  In  advanced  hfe,  moreover,  degenerative  changes  in  the 
arteries  of  the  leg  obstructing  the  flow  of  blood  are  very  common.  Ulcers 
that  form  here  are  slow  in  healing,  and  very  liable  to  recur,  because  the 
conditions  that  led  to  their  formation  may  still  exist ;  also  there  is  often  but  a 
very  thin  layer  of  subcutaneous  fat  between  the  skin  and  the  tibia,  and,  conse- 
quently, there  is  a  great  tendency  for  the  under  surface  of  the  scar  to  adhere 
to  the  bone. 

General  Treatment  of  Ulceration. — In  the  Local  Treatment  pf 
ulceration,  the  Surgeon  must  be  guided  by  the  special  conditions  presented  by 
the  ulcer,  which  will  be  described  presently  ;  but  there  are  some  points  which 
demand  attention  in  all  cases.  1.  Every  source  of  in-itation  which  could 
cause  inflammation,  or  maintain  it  if  present,  must  be  carefully  removed  ;  for 
while  inflammation  is  present  no  proper  reparative  process  can  go  on.  Thus, 
if  the  ulceration  be  due  to  the  presence  of  a  specific  poison,  as  in  the  case  of  a 
soft  chancre,  this  must  be  destroyed  by  antiseptic  or  caustic  applications.  In 
simple  sores  the  surface  must  be  preserved  from  friction,  the  part  must  be  kept 
at  rest,  and  the  decomposition  of  the  discharges  must  be  prevented  by  proper 
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applications.  2.  The  circulation  must  Ije  maintained  in  a  normal  state,  both 
congestion  and  local  aua3nvia  being  guarded  against ;  as,  without  a  normal 
supply  and  a  sufficiently  rajjid  change  of  Ijlood,  the  growth  of  the  re])ai-ati\  e 
tissue  cannot  take  place.  Constriction  by  excessively  tight  dressings  must 
therefore  be  avoided,  and  tlie  part  must  be  ])laced  in  such  a  position  as  will 
favour  the  i-eturu  of  blood  from  it.  ?u  Proper  local  ap])lications  adapted  to 
the  nature  of  the  case  umst  be  emjiloyed,  conjoined  with  uniform  jn-essure,  to 
support  the  dilated  and  weakened  vessels  of  the  part. . 

The  Constitutional  Treatment  nmst  be  carefully  attended  to.  Unless 
this  be  done,  the  best  regulated  local  measures  may  be  employed  in  vain. 
Attention  to  the  digestive  organs,  and  improvement  of  the  constitution,  if  it 
be  strumous  or  syphilitic,  will  do  more  in  these  cases  than  any  other  means 
can  accomplish.    The  nutrition  of  the  patient  requires  due  care. 

VARIOUS    FORMS    OP  ULCERS. 

When  ulcers  occur  in  the  skin,  as  the  result  of  non-specitic  disease,  they 
may.  be  arranged  under  the  following  heads  :  the  Healthy  ;  the  '\^'eak  ;  the 
Indolent ;  the  Irritable  ;  the  Inflamed  ;  the  Phagedtenic  or  Sloughing  ;  the 
Varicose  ;  and  the  HaBinorrhagic.  Besides  these  varieties,  each  of  which  is 
marked  by  distinct  characteristics,  various  other  forms  of  ulceration  depending 
on  specific  causes,  as  the  Syj^hilitic,  Scrofulous,  Lupoid,  Cancerous,  &c.,  are 
met  Avith  ;  all  of  which  will  be  treated  of  under  their  respecti^'e  Chapters. 

The  varieties  presented  by  ulcers  are  by  no  means  dependent  on  local 
conditions  merely,  though  these  influence  them  greatly,  but  are  in  a  great 
measm-e  owing  to  constitutional  causes.  Indeed,  the  aspect  of  the  ulcer,  and 
the  character  of  its  granulations  and  of  its  discharge,  are  excellent  indications  j 
of  the  state,  of  health  and  of  the  general  condition  of  the  patient  as  well  as  of 
the  local  disease. 

In  studying  an  ulcer  cUnically,  we  have  to  pay  attention  to  the  following 
points  :  1.  The  surrounding  skin.  2.  The  edges  of  the  sore.  o.  The  surface 
of  the  sore.  4.  The  base  of  the  sore.  o.  The  nature  of  the  discharge  ;  and 
6.  Pain  and  tenderness. 

The  Healthy  Granulating  Sore. — This  may  be  considered  the  type  of 
the  disease.    The  surroundinf/  skin  is  free  from  oedema  ;  there  is  no  change 
in  it  beyond  slight  hypersemia  close  to  the  njargin  of  the  sore  ;  the  edges  are 
regular  in  outline,  shelve  gradually  down  to  tlie  surface  of  the  sore,  and  are 
marked  by  three  zones  of  colour,  an  outer  o))aque  white,  a  middle  opalescent 
blue,  and  an  inner  dark  red,  as  described  in  the  Chapter  on  Repair.    T/ie  , 
surface  is  slightly  depressed,  and  thickly  studded  with  florid  red  granulations,  ' 
fii-m  in  structure  and  unifoi-m  in  size,  each  being  about  as  large  as  half  a 
mustard  seed.    Tlie  iase  of  the  sore  is  soft,  and  not  adherent  to  deep-seated  | 
structures,  as  bones  or  fasciae.    The  discharge  will,  under  ordinary  circuni-  | 
stances,  be  thick,  creamy,  laudable  pus  ;  but  by  carefully  excluding  eveiy 
source  of  irritation,  it  may  be  made  to  assume  a  more  or  less  serous  character.  [ 
There  is  no  Fain  or  Tenderness.    J  t  is  the  object  of  our  treatment  in  all  cases  | 
to  bring  the  other  forms  of  ulcer  into  this  condition.  ' 

Treatment. — In  the  management  of  the  healthy  graimlating  soi-e,  the 
treatment  should  be  as  simple  as  possible;  the  application  of  some  simple 
dressing  and  the  pressure  of  a  bandage  usually  enabling  it  to  cicatrise.  If 
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wafcer-dressiug  be  employed,  it  must  be  changed  three  times  a  day,  other- 
wise it  will  become  oft'eusive  from  putrefaction.    Water-di-essing  is  thus 
applied  :  a  piece  of  hnt  exactly  the  size  of  the  sore  is  moistened  with  water, 
aud  put  on  the  surface  ;  over  this  must  be  placed  a  piece  of  oiled  silk  or  thin 
<:utta-percha  tissue,  over-lapping  the  lint  in  all  directions  for  about  one-eighth 
<if  an  inch.    If  the  smallest  corner  of  the  lint  projects  beyond  the  oiled  silk 
a  ad  comes  in  contact  with  the  bandage,  the  dressing  wiU  speedily  become  dry 
;md  stick  to  the  sore.    In  order  that  putrefaction  of  the  discharges  may  be 
ia\n-ented,  a  point  of  very  great  importance  where  many  wounded  are  crowded 
together,  some  antiseptic  should  be  mixed  with  the  water  in  which  the  lint  is 
soaked.    Perhaps  the  best,  of  all  antiseptics  for  this  purpose  is  boracic  acid, 
which  should  be  used  as  a  concentrated  solution  (p.  201).    Carbolic  acid 
solution  (2  per  cent.)  has  the  great  disadvantages  of  being  irritating  when 
first  applied,  and  as  the  acid  becomes  volatilised  by  the  heat  of  the  body  it 
soon  becomes  inefficient.    Boracic  acid  lint,  wetted  with  the  lotion,  may  be 
applied  to  foul  sores  in  the  same  way  as  ordinary  wet  dressing  ;  when  the 
sore  becomes  perfectly  healthy  and  free  from  decomposition,  its  surface  may  be 
protected  from  the  direct  action  of  the  antiseptic  by  covering  it  with  the 
protective  green  oiled  silk  dipped  in  the  lotion  before  being  applied  ;  over  this 
the  boracic  acid  lint  may  be  placed  either  wet  or  dry  to  absorb  the  discharge. 
Another  excellent  application  to  a  healthy  ulcer  is  the  boracic  acid  ointment 
spread  on  thin  muslin,  the  whole  being  dipped  in  the  lotion  to  make  it  apply 
itself  smoothly  before  being  put  on  the  sore  ;  over  this  may  be  placed  a  pad  of 
saHcyhc  silk  or  wool  to  catch  the  discharge,  and  the  whole  secured  by  a 
bandage.    Boracic  acid  is  a  somewhat  feeble  antiseptic,  and  must  be  changed 
at  least  once  a  day.    If,  from  any  reason,  it  may  be  considered  desirable  to 
di-ess  the  sore  less  frequently,  a  more  lasting  dressing  may  thus  be  apphed  : 
wash  the  sore  and  the  surrounding  skin  well  with  a  solution  of  carbolic  acid 
(1  in  40)  ;  put  on  a  piece  of  the  protective  green  oiled  silk,  completely 
covering  the  raw  surface,  and  then  apply  the  carbolic  gauze  dressing,  as 
described  in  the  treatment  of  wounds  (Chap.  IX.)    If  economy  be  of  conse- 
quence, one  layer  of  gauze  may  be  applied  to  keep  the  leg  clean,  over  this  may 
l)e  placed  a  thick  pad  of  carded  oakum,  and  the  whole  covered  by  a  common 
bandage.    If  the  carboHc  acid  gauze  irritate  the  skin,  its  place  may  be  taken 
by  eucalyptus  gauze,  or  the  part  maybe  enveloped  in  a  sheet  of  iodoform  wool, 
sahcyhc  wool  or  some  absorbent  mercurial  dressing.    By  any  of  these  modes 
of  antiseptic  treatment  it  is  possible  to  get  the  ulcer  into  so  clean  a  state,  and 
80  far  to  diminish  its  discharge  that  it  shall  not  be  necessary  to  change  the 
dressing  more  than  once  a  week.    It  will  be  observed  that  the  object  of  these 
modes  of  dressing  is  to  protect  the  sore  from  every  possible  source  of  irritation, 
including  not  only  the  acrid  products  of  putrefaction,  but  also  the  antiseptic 
agent  which  is  employed  to  prevent  decomposition.    Sometimes,  however,  as 
has  ah-eady  been  stated,  the  healing  process  is  retarded  or  arrested  in  conse- 
quence of  the  extent  of  the  ulcer.    In  such  cases,  the  transplantation  of 
cuticle  will,  by  afibrding  centres  of  cicatrisation,  expedite  the  cure.  ^ 

Whatever  mode  of  treatment  be  adopted,  if  the  ulcer  be  on  the  leg,  rest  in 
bed  with  elevation  of  the  limb  has  more  influence  than  any  other  condition  in 
hastening  the  cure. 

Skin-Grafting.  The  fact  that  freshly  separated  parts  if  immediately  re- 
applied to  a  raw  surface  may  contract  adhesions  to  it  and  retain  their  vitality 
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was  long  ago  demonstrated.  ITnnter  sliowed  that  teeth  could  be  suceessfixlly 
transplanted,  and  that  tlie  spurs  of  a  young  cock  could  be  "  made  to  grow  on  his 
comb  ;  "  Walther  that  the  button  of  bone  removed  by  a  trephine,  if  re-inserted, 
will  (.'ontract  fresh  adliesion,  and  many  Surgeons  had  recorded  cases  of  ad- 
hesion of  freshly  separated  portions  of  the  nose  or  chin.  But  little  practical 
use  was  made  of  these  observations  till  Eeverdin  suggested  in  l^<G!t  that 
transplanted  cuticle  might  be  used  to  hasten  the  cicatrisation  of  granulating 
surfaces.  In  Reverdiu's  method  the  epithelium  only,  with  as  little  of  the  trae 
skin  as  possible,  is  used  for  the  graft,  but  with  proper  precautions  portions 
of  true  skin  of  considerable  size  may  be  successfully  transplanted. 

The  growth  of  new  epithelium  over  the  surface  of  a  sore  takes  place  from 
the  epithehal  cells  at  its  margin  ;  and  Reverdin  showed  that  by  planting  small 
islets  of  freshly  separated  cuticle  on  the  granulating  surface,  each  can  be  made 
to  form  -a  centre  for  the  development  of  new  epithelium,  which,  spreading  in  all 
dii'ections,  coalesces  with  that  growing  from  the  suiTounding  skin,  and  thus 
covers  the  sore  rapidly  with  a  new  cuticle.  The  covering  of  the  surface  with 
epithelium  is,  however,  only  a  part  of  cicatrisation,  the  contraction  of  4/he 
granulation-tissue  and  its  development  into  fibrous  tissue  forming  an  equally 
essential  process.  The  hopes  that  were  entertained  at  one  time,  that  by  the 
grafting  of  cuticle  the  contraction  of  the  scar,  which  causes  such  extensive 
deformity  in  the  case  of  large  burns,  could  be  prevented,  have  been  bjifc  im- 
perfectly realised.  The  process  of  grafting,  in  fact,  in  many  cases  amount^* 
to  little  more  than  dressing  the  sore  with  cuticle,  if  such  an  expression  may  be» 
allowed,  the  new  epithelium  cells  growing  over  the  surface  long  before 
the  development  of  the  fibrous  tissue  of  the  scar  has  made  any  appreciable 
progress.  In  such  cases  the  cicatrix  formed  is  very  weak  and  apt  t^  break 
down — much  more  readily  than  the  scar  produced  by  the  natural  process  of 
healing.  Moreover,  even  after  successful  grafting,  much  contraction  fre- 
quently takes  place  as  the  granulation-tissue  becomes  completely  developed 
into  fibrous  tissue.  Still,  although  it  has  not  answered  the  somewhat 
exaggerated  expectations  that  it  at  first  raised,  transplantation  of  cuticle  is  of 
great  use  in  promoting  the  healing  of  large  sores  ;  and  probably,  although  it 
does  not  prevent  the  subsequent  contraction,  it  does  in  some  cases  lessen  its 
amount. 

The  process  of  transplantation  of  cuticle  is  as  follows.  A  piece  of  skin  on 
some  sound  part  of  the  body — the  outside  of  the  arm,  for  instance — about  the 
size  of  an  oat  or  split  pea,  is  pinched  up  with  a  pair  of  forceps,  and  snipped 
off  with  curved  scissors.  The  whole  thickness  of  the  skin  need  not  be  sepa- 
rated, but  merely  the  cuticle  down  to  and  including  the  papillary  layer  of  the 
true  skin,  so  as  just  to  draw  blood.  The  operation,  when  properly  performed, 
is  almost  painless.  The  little  patch  of  separated  cuticle  is  now  placed,  with  the 
raw  side  downwards,  on  the  surface  of  the  ulcer,  covered  and  retained  in 
j)Osition  by  a  strip  of  isinglass  plaster.  It  is  left  undistm-bed  for  about  four 
days,  at  the  end  of  which  time  it  will  be  found  to  be  adherent :  and  it  speedily 
becomes  the  centre  of  a  new  process,  which  spreads  in  a  gradually  widening 
circle,  until  it  fuses  itself  into  the  epithelial  groAvth  proceedmg  from  the 
circumference  of  the  sore,  or  from  other  transplanted  islets ;  and  thus  the 
surface  is  rapidly  covered. 

It  frequently  happens  that  by  the  third  or  fourth  day  the  graft  has  entirely 
disappeared,  but  becomes  again  recognizable  a  few  days  after.    This  is  due  to 
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the  desquamatiou  of  the  opaque  corneous  layer  of  the  trausplauted  cuticle 
leaviug  only  the  thin  transparent  Malpighian  layer  behind  ;  the  re-appearance 
of  the  graft  takes  place  as  soon  as  sufficient  new  epithelium  has  grown  to  be 
again  opaque. 

The  adhesion  of  the  graft  is  very  greatly  facilitated  by  some  form  of  anti- 
>;eptio  dressing.  Perhaps  the  best  is  as  follows  :  if  the  sore  be  not  aseptic 
dress  it  every  four  hours  with  boracic  acid  lint  moistened  with  a  concentrated 
solution  of  boracic  acid.  In  about  forty-eight  hours  the  sore  will  be  free  from 
septic  matter.  Then  apply  the  grafts,  covering  each  with  a  piece  of  "  green 
protective  "  oiled  silk,  and  dress  the  sore  with  a  thin  layer  of  boracic  acid 
(lintment  spread  on  muslin  and  dipped  in  the  boracic  acid  solution  before 
being  apphed.  Over  this  again  must  be  placed  a  thick  layer  of  iodoform 
wool,  or  salicylic  wool  or  silk,  and  the  dressing  may  then  be  left  undisturbed 
for  four  days. 

For  the  success  of  this  little  operation,  it  is  necessary  that  the  granulating 
surface  on  to  which  the  transplantation  is  made,  be  a  healthy  one  ;  that  it  be 
not  the  seat  of  specific  disease  of  any  kind  ;  and  that  the  process  of  cicatrisa- 
tion have  commenced  at  its  edges.  The  piece  of  transplanted  skin  should  be 
tenderly  handled,  and  at  once  applied  and  retained  by  moderate  pressure.  In 
placing  it  in  its  new  position  care  must  be  taken  not  to  injure  the  granula- 
tions so  as  to  make  them  bleed,  which  would  be  fatal  to  success.  It  is  better 
to  apply  several  small  grafts  of  skin  than  one  large  one  ;  each  new  graft  acting 
as  a  centre  for  the  growth  of  epithelium,  and  the  process  going  on  more  rapidly 
from  sev^al  small  centimes  than  from  one  large  one. 

When  many  gi-afts  are  required,  and  especially  if  the  patient  be  old  or 
nervous,  it  may  be  convenient  to  obtain  some  from  another  person.  It  must 
not  be  forgotten  that  syphilis  may  be  communicated  in  this  way  if  the  grafts 
are  taken  from  a  person  suffering  from  that  disease  in  its  active  stage.  Deubel 
records  a  case  'in  which,  to  repaii'  great  loss  of  skin  from  gangrenous  erysipelas  in 
I  an  old  man,  grafts  were  taken  from  his  son.  The  treatment  was  apparently 
successful,  and  complete' healing  took  place,  but  soon  afterwards  spreading 
ilcers  formed,  and  the  whole  scar  was  destroyed.  Roseola  appeared  ten  weeks 
ifter  the  first  graft  was  applied,  and  was  followed  by  mucous  tubercles  in  the 
mouth.  The  son  was  found  to  have  condylomata  about  the  anus,  and  had 
suffered  eighteen  months  before  from  a  hard  chancre. 

True  Skin-Grafting,  that  is  to'  say,  the  transplantation  of  portions  of  the 
•omplete  thickness  of  the  skin,  has  frequently  been  performed  for  the  restora- 
tion of  portions  of  lost  skin  from  the  face.  The  details  of  this  operation  as  it 
is  performed  for  ectropion  will  be  found  on  the  Chapter  on  Plastic  Surgery 
(Chap.  LVII.).  It  is  essential  that  every  vestige  of  subcutaneous  fat  should 
be  removed  from  the  under  surface  of  the  cutis,  otherwise  it  wiU  almost 
certainly  fail  to  unite  in  its  new  situation.  Skin  transplanted  in  this  way  will 
^idhere  either  to  a  fresh  raw  surface  or  to  a  granulating  sore,  but  much  more 
readily  to  the  former.  R.  0.  Lucas  has  shown  that  the  skin  of  the  prepuce, 
being  devoid  of  fat,  makes  excellent  grafts  for  a  granulating  sore.  In  hospital 
practice  the  opportunities  of  obtaining  the  necessary  material  are  very  frequent, 
;ind  may  often  be  taken  advantage  of  in  the  treatment  of  the  large  granulating 
sores  left  after  burns. 

Weak  Ulcer. — This  most  commonly  occurs,  from  emolUent  applications 
liaving  been  continued  too  long,  and  especially  from  the  application  of  poultices. 
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It  differs  from  the  licaltliy  sore  in  that  tlie  edgan  want  the  healin<!  line,  and  tlio 
surface  is  raised  above  tlie  siirroundinf^-  skin  and  covered  by  flaijby  granula- 
tions of  a  semi-transparent  ajjpearanee,  sometimes  rising  in  large,  exubei-aut, 
"i'elatinous,  ]'cddish -looking  masses  above  the  edges  of  the  sore.  These  high 
granulations  ha\  e  a  feeble  \'itality,  and  readily  slough.  Popularly  they  are 
sjioken  of  as  "proud  flesh." 

The  Trecdmmi  of  this  form  of  ulcer  consists  in  keeping  the  part  elevated 
and  carefully  bandaged,  and  applying  an  astringent  dressing  to  the  sore,  such 
as  the  "  red  wash,"  or  a  weak  solution  of  the  sulphate  of  co])per.  Red  wash 
is  prepared  according  to  the  following  formula: — Sulphate  of  zinc,  sixteen 
grains  :  compound  tincture  of  lavender,  two  drachms  ;  water,  eight  ounces, 
It  will  be  found  a  most  useful  application.  The  granulations  may  also  be 
touched  from  time  to  time  wn'th  nitrate  of  silver. 

Indolent  or  Callous  Ulcer. — This  is  always  very  chronic.  It  is  situated 
usually  on  the  outer  side  of  the  lower  extremity,  between  the  ankle  and  calf, 
and  most  fi-equently  occurs  in  men  about  the  middle  period  of  life.  The 
surrouiuling  sJcm  is  congested,  and  usually  presents  the  ap))earances  indicative 
of  long  continued  passive  hypera^mia,  being  frequently  darkly  pigmented  and 
always  indurated.  The  induration  affects  the  subcutaneous  areolar  tissue, 
which  is  solid  and  bra^vny,  and  firmly  fixed  to  the  subjacent  fascia,  or  in  some 
cases  even  to  the  bone.  There  is  a  total  loss  of  elasticity,  both  in  the  skin 
and  subcutaneous  tissue.  The  epidermis  is  often  scaly  and  desquamates  in 
large  flakes.  In  many  cases  the  cause  of  the  mischief  wUI  be  found  to  be 
varicose  veins,  which  have  given  rise  to  chronic  congestion  of  the  skin.  The 
edges  of  the  sore  are  often  irregular ;  they  are  hard,  elevated  considerably 
above  the  surface  of  the  sore,  and  sink  aliruptly  into  it.  The  surface  is  either 
smooth  and  covered  with  a  yellowish  layer,  or  irregular  and  formed  in  parts  of 
liale,  feeble  granulations.  The  hase  is  hard,  and  firmly  fixed  to  the  subjacent 
fascia  or  bone.  The  disc/large  is  thin  and  serous.  There  is  no  pain  attending 
this  ulcer,  and  its  surface,  which  often  attains  a  very  lai-ge  size,  may  usually 
be  touched  without  the  patient  feeling  it. 

It  is  always  slow  to  heal,  for  contraction  forms  an  essential  part  of  the 
healing  of  a  sore,  and  the  rigidity  of  the  surrounding  tissue  renders  this 
almost  impossible. 

Treatment.— principle  of  treatment  here  is  to  soften  the  sm-rounding 
tissues  and  depress  the  edges  of  the  sore  by  promoting  absorption  of  chronic 
inflammatory  products  with  which  they  are  infiltrated.  When  this  is  accom- 
plished, contraction  becomes  possible,  and  healing  will  progress.  This  is  best 
effected  by  pressure. 

A  very  efficient  plan  of  treatment  is  as  follows.  The  surface  of  the  ulcer 
may  first  be  rubbed  witli  nitrate  of  silver,  after  which  three  or  four  layers  of 
i)oracic  acid  lint  dipped  in  hot  solution  of  boracic  acid  and  covered  with  oiled 
silk  and  cotton- wool,  should  be  applied  and  charged  every  four  hours.  After 
forty-eight  hours  of  this  treatment  the  sore  will  be  perfectly  clean,  and  may 
then  be  strapped  on  the  plan  recommended  by  Baynton.  The  best  plaster  for 
this  purpose  is  the  cmplastrum  saponis,  to  which  some  of  the  emplasinm 
resmcB  is  added  to  make  it  sufficiently  adhesive  ;  this,  spread  upon  calico, 
should  be  cut  into  strips  sixteen  or  eighteen  inches  in  length,  and  about  an 
inch-and-a-half  in  width  ;  the  centre  of  the  strip  should  then  be  laid  smoothly 
on  the  side  of  the  limb  opjiosite  to  the  sore,  and  the  ends,  being  brought 
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forward,  are  to  be  t-rossed  obliquely  over  it.  Strip  after  strip  must  be  applied 
in  this  way,  until  the  limb  is  covered  for  a  distance  of  a  couple  of  inches 
above  and  below  the  ulcer.  If  the  sore  be  near  the  ankle,  this  joint  should  be 
included  in  the  strapping.  Each  strip  of  plaster  should  be  applied  with  an 
equal  degree  of  pressure,  which  may  often  be  considerable,  and  it  should  cover 
at  least  one-third  of  the  preceding  strap  ;  the  limb  must  then  be  carefully 
bandaged  from  the  toes  to  the  knee.  The  plaster  will  be  found  to  apply  itself 
more  evenly  if  it  be  warmed  by  being  dipped  in  hot  water  cojitaining  some 
antiseptic  in  solution  instead  of  the  ordinary  plan  of  using  tiry  heat. 

Under  this  plan  of  treatment,  the  edges  will  subside,  the  surface  of  the 
sore  will  become  florid,  and  granulations  yielding  abundant  discharge  will 
speedily  spring  up.  Much  of  the  success  of  this  plan  of  treatment  will  depend 
upon  the  close  attention  that  is  paid  to  it.  If  the  skin  be  irritable,  resin- 
plaster  should  not  be  used,  but  merely  the  soap  or  lead  :  and  the  plasters  should 
be  changed  at  least  every  forty-eight  hours.  If  the  discharge  be  very  abun- 
dant, small  holes  should  be  cut  in  the  strips  to  allow  it  to  escape.  When  by 
this  mode  of  treatment  the  edges  of  the  sore  have  been  brought  down,  and  the 
granulations  sufiiciently  stimulated,  an  astringent  lotion  with  bandaging  may 
advantageously  be  substituted  for  the  plasters.  The  great  difficulty  in  carry- 
ing out  this  treatment  in  hospital  out-patient  practice,  in  which  the  patient  is 
usually  seen  only  twice  a  week,  arises  from  the  foul  state  into  which  the  sore 
gets  in  the  intervals  of  strapping,  and  consequently  it  is  very  important  to 
employ  if  possible  some  antiseptic  mode  of  dressing.  In  order  to  do  this,  the 
first  necessary  step  is  to  disinfect  the  sore,  which  when  first  seen  is  usually 
very  foul.  This  is  by  no  means  so  easy  as  might  be  supposed.  It  can  be  done 
by  the  free  application  uf  chloride  of  zinc  (gr.  20  to  3]),  but  this  is  very  pain- 
ful ;  another  plan  is  the  application  of  a  hot  boracic  acid  dressing  as  before 
described,  changed  every  four  hours,  for  two  da,ys,  and  this  is  very  efficient  if 
the  patient  can  only  be  trusted  to  do  it.  Perhaps  the  best  plan  is  to  powder 
the  whole  surface  of  the  sore  with  iodoform  in  crystals  ;  this  is  efficient,  and 
as  a  rule  painless.  When  the  sore  is  quite  clean  it  may  be  dressed  as  follows  : 
apply  a  small  sprinkliug  of  powdered  iodoform,  over  this  place  a  piece  of  pro- 
tective green  oiled  silk,  then  strap  the  limb,  heating  the  strips  of  plaster  by 
dipping  them  in  a  hot  solution  of  carbolic  acid  (1  in  4u),  then  apply  a  carbolic 
gauze  bandage  from  the  foot  to  the  knee  to  protect  the  skin,  over  this  put 
a  thick  pad  of  carded  oakum  to  absorb  the  discharge,  and  over  all  place  a 
common  calico  bandage.  The  improvement  that  results  from  this  treatment 
is  often  most  surprising. 

Another  mode  of  appl}ang  pressure  has  been  introduced  by  Martin,  of 
Kew  York.  It  consists  simply  "in  the  application  of  a  bandage  made  of  pure 
india-rubber,  free  from  sulphur.  The  bandage  is  applied  directly  to  the  sore, 
uo  dressing  being  used  when  it  is  on.  It  is  worn  only  by  day ;  and  at  night 
some  simple  dressing,  free  from  grease,  may  be  used.  The  bandage  is  thus 
applied  :  before  rising  from  bed  in  the  morning,  the  patient  rolls  the  bandage 
round  the  leg,  taking  care  not  to  pidl  it  in  so  doing.  It  must  only  just  lie 
smoothly  on  the  limb,  for  any  traction  might  seriously  impede  the  circulation. 
The  patient  now  rises  from  bed,  and  the  sUght  increase  in  the  size  of  the  limb 
from  gravitation  of  blood  into  it  tightens  the  bandage  sufficiently  to  make  it 
keep  its  position.  At  night  the  bandage  is  removed,  sponged  with  warm 
water,  and  hung  up  to  dry.    The  leg  must  also  be  carefully  washed,  and  the 
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sore  may  be  dressed  with  some  simple  lotion.  The  only  inconvenience  of  the 
treatment  is,  that  from  the  obstraction  to  the  escape  of  the  perspiration, 
eczema  is  frequently  set  up.  This  is  best  treated  by  some  oxide  of  zinc 
powder,  and  usually,  after  a  short  time,  the  leg  seems  to  become  accustomed 
to  the  presence  of  the  bandage,  and  no  further  trouble  is  experienced.  This 
treatment  is  usually  very  successful,  especially  in  cases  complicated  by  the 
presence  of  varicose  veins. 

Another  mode  of  treating  chronic  ulcers  is  that  which  was  recommended  by 
Syme,  consisting  in  the  application  of  a  blister  to  the  indurated  edges,  and 
the  surface  of  the  sore,  after  which  some  simple  dressing  is  used.  This  is 
often  efficient,  but  if  the  sore  be  of  any  considerable  size,  it  is  possible 
that  the  patient  may  absorb  sufficient  cantharidin  to  cause  symptoms  of 
poisoning. 

Irritable  Ulcer. — This  is  met  with  mostly  after  the  middle  period  of  life. 
It  is  usually  of  small  size,  and  situated  behind  one  or  other  malleolus.  It  is 
frequently  a  consequence  of  varicose  veins.  The  surroimding  skin  is  usually 
purple,  sKghtly  indurated  and  sometimes  pigmented  :  the  edfjes  are  slightly 
raised,  very  irregular  in  outUne,  and  present  no  signs  of  heaUug.  The  surface 
is  but  shghtly  below  the  level  of  the  skin  ;  it  is  either  dark  pm-plish-red  in 
colour  or  covered  with  a  thin  slough.  The  lase  is  but  slightly  indurated. 
The  discharge  is  scanty  and  thin.  The  pain  is  the  principal  characteristic  ; 
it  is  exceedingly  great,  and  usually  worse  at  night,  thus  preventing  sleep  and 
seriously  disturbing  the  general  health.  In  fact,  such  an  ulcer,  if  mireheved, 
may  bring  the  patient  into  so  exhausted  a  condition  that  death  may  occur 
from  some  apparently  slight  ailment,  such  as  an  attack  of  bronchitis.  Hilton 
pointed  out  that  if  the  surface  of  the  sore  be  carefully  touched  all  over  with 
the  point  of  a  probe,  one  or  more  spots  will  be  found  most  acutely  tender. 
This  is  due  to  the  exposure  of  a  nerve-ending  on  the  surface  of  the  sore. 

In  the  Treatment  of  this  ulcer,  we  must  attend  to  the  constitutional  as  well 
as  to  the  local  condition.  The  patient  should  be  put  upon  an  alterative  course 
of  medicine,  Avith  aloetic  purgatives,  and  some  sedative  at  bedtime  to  procure 
rest.  The  mode  of  topical  medication  which  I  have  found  to  succeed  best,  is 
to  brush  the  surface  of  the  sore  and  the  surrounding  parts  from  time  to 
time  with  a  strong  solution  of  nitrate  of  silver  (gr.  x  to  Si.),  and  then  to 
keep  emollient  and  sedative  applications  applied  to  it,  such  as  lead  and  opium 
lotions.  If  this  does  not  succeed,  the  surface  of  the  sore  may  be  rubbed  with 
solid  nitrate  of  silver  until  a  distinct  slough  is  formed.  This  treatment  is  very 
painful  and  may  require  an  ansBsthetic  ;  but  the  smarting  soon  ceases,  and 
the  patient  will  often  enjoy  after  it  the  first  good  night's  rest  he  has  had  for 
months  Hilton  recommended  that  the  tender  spot  should  be  found,  and  a 
knife  or  lancet  point  passed  under  it,  so  as  to  divide  the  branch  of  nerve  pass- 
ing to  it.    This  treatment  is  often  successful,  and  is  less  painful  than  that  by 

nitrate  of  silver.  „•      i    ^  j 

Inflamed  Ulcer.— This  is  characterized  by  redness,  swelhng,  heat,  and 
pain  in  the  surrounding  sUn.  The  edges  are  sharply  cut.  The  surface  is  often 
at  first  dark  red  and  dry  from  stasis  in  the  vessels  of  the  granulations,  but 
later  on  it  becomes  covered  by  a  thin  yellow  slough.  The  Use  is  swollen  and 
oedematous,  like  the  surrounding  tissues.  The  discMrge  is  serous  and  often 
bloody  In  the  most  acute  stage  the  surface  of  the  sore  may  be  chy,  and 
covered  with  a  thin  crust  or  scab.    It  arises  most  commonly  in  people  who 
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drink  to  excess,  and  is  not  unfrequently  associated  with  gout.  Any  sore  may, 
liowever,  become  inflamed  if  neglected  and  allowed  to  become  covered  with 
acrid  and  putrid  discharges. 

The  Treatment  must  be  both  general  and  local.  As  a  rule,  the  patients  are 
better  for  purging.  This  may  usually  be  effected  by  a  mercurial  pill,  after 
which  sulphate  of  magnesia,  5ss,  infusion  of  quassia,  gi,  may  be  given  three 
times  daily  for  a  few  days.  If  the  patient  be  gouty,  ten  drops  of  vinum 
colchici  may  be  added  to  each  dose.  Locally  the  limb  must  be  elevated,  and 
the  patient  kept  in  the  recumbent  position.  Hot  applications  will  be  found 
ahvays  to  give  the  greatest  relief.  Hot  boracic  acid  fomentations  in  most 
cases  speedily  reduce  the  pain  and  swelling.  Another  excellent  application  is 
the  following:  acetate  of  lead,  5ss;  laudanum,  ^ss  ;  water,  to  ^viij.;  pour  a 
smaU  quantity  of  the  lotion  into  a  saucer  and  add  an  equal  quantity  of 
boiling  water  ;  moisten  with  this  diluted  lotion  a  piece  of  lint  of  sufficient 
size  to  cover  the  whole  reddened  area ;  apply  it  warm  and  cover  it  with  oiled 
silk,  then  wrap  the  whole  part  in  a  sheet  of  cotton-wool.  We  thus  get 
warmth  and  moisture,  with  a  powerful  astringent  and  sedative,  and  experience 
has  shown  that  the  quantity  of  acetate  of  lead  present  is  sufficient  to  prevent 
any  decomposition  of  the  discharges.  If  preferred,  tincture  of  belladonna 
may  be  substituted  for  the  laudanum. 

Sloughing  Ulcer.— When  not  specific,  this  is  an  increased  degree  of  the 
inflamed  variety,  usually  occurring  in  feeble  or  cachectic  states  of  the  consti- 
tution, and  generally  accompanied  by  a  good  deal  of  fever.  The  surrounding 
sldn  presents  an  angry,  dusky,  red  blush  :  the  edges  are  sharply  cut ;  and  the 
surface  is  covered  by  a  greyish  slough.  The  discharge  is  serous  and  oflPensive  ; 
there  is  a  sense  of  heat  and  pain,  and  the  inflamed  area  is  acutely  tender.  The 
ulceration,  unless  arrested,  spreads  rapidly. 

Treatment— Th^  general  health  must  be  improved  by  a  nourishing,  but  un- 
stimulating  diet,  combined  with  the  use  of  tonics.  Opium  is  of  the'  o-reatcst 
value.  One  grain  should  be  given  twice  or  thrice  daily.  The  patient  must 
be  put  to  bed,  and  the  part  elevatpd.  If  the  surface  of  the  sore  be  very  foul, 
it  may  be  sprinkled  with  iodoform,  after  which  hot  fomentations  must  be 
applied  to  the  whole  reddened  area.  As  the  inflammation  becomes  less  acute, 
the  warm  lead  and  opium  lotion  above  mentioned  may  be  applied,  and  when 
the  sloughs  have  separated,  and  the  surface  has  become  clean,  the  ordinary 
treatment  of  a  healthy  sore  must  be  adopted.    (See  G-angTene.) 

A  special  form  of  sloughing  ulcer  is  not  uncommonly  met  with  in  patients 
suflFering  from  diabetes.  It  commences  sometimes  as  a  bleb,  which  bursts  and 
exposes  a  dark  brown  slough,  including  the  whole  cutis,  but  not  extending 
deeply  into  the  subcutaneous  tissue.  The  slough  may  very  gradually  extend'', 
and  is  very  slow  to  separate.  Even  after  it  has  separated  a  fresh  extension  may 
commence  before  the  sore  has  healed.  It  is  accompanied  by  severe  burnino- 
pain.  The  Treatment  consists  in  the  application  of  some  simple  antiseptic 
dressmg  and  the  internal  administration  of  opium  in  as  large  doses  as  the 
patient  can  bear.  As  soon  as  the  patient  is  fully  under  its  influence  the  sore 
wiU  begin  to  heal. 

Eczematotis  Ulcer.— This  term  is  applied  to  those  ulcers  in  which  the 
surrounding  skm  is  affected  by  eczema ;  it  is  red  and  at  fii-st  covered  by  minute 
'  vesicles  ;  these  burst,  and  a  raw-looking  surface  is  left,  on  which  the  corneous 
layer  of  the  epithelium  is  wanting.    It  discharges  an  abundant,  yeUow  serous 
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fluid,  strongly  iiikaliue  iu  reaction,  which  stiffens  any  hnen  rag  which  may  be 
applied  to  soak  it  up.  The  ulcer  itself  presents  nothing  peculiar,  and  may 
assume  any  of  the  forms  already  described.  The  ulceration  may  arise  as  a 
secondary  complication  of  eczema,  or  the  irritation  of  the  skin  by  the  discharge 
from  a  badly  tended  ulcer  may  be  the  cause  of  the  eczematous  eruption. 

Trcaiment. — The  boracic  acid  ointment,  prepared  with  vaseline  and  paraifin, 
will  usually  be  found  the  best  application  to  the  eczematous  ulcer.  If  there  is 
nnich  irritation,  it  can  often  be  allayed  by  the  addition  of  half  a  drachm  of 
extract  of  belladonna  to  each  ounce  of  the  ointment.  Strict  cleanliness  is  at 
the  same  time  essential,  but  in  washing  the  limb  common  soap  must  never  be 
used  ;  warm  water  alone,  or  with  a  small  quantity  of  soft  soap,  will  be  found 
the  best  application.  If  the  patient  be  gouty,  the  usual  remedies  for  gout 
must  be  administered. 

Varicose  Ulcer  derives  its  chief  characteristic  fi-om  being  complicated 
with,  or  dependent  upon,  a  varicose  condition  of  the  veins  of  the  leg.  In 
this  affection  of  the  venous  trunks  the  skin  gradually  undergoes  degeneration, 
becoming  brawny,  of  a  purplish  brown  colour,  and  being  traversed  in  all 
directions  by  enlarged  and  tortuous  Neins.  The  ulcer  forms  at  one  (jf 
these  congested  spots,  by  the  breaking  down  of  the  ak-eady  degeneratmg 
tissue,  producing  a  small  irregular  chasm  of  an  unhealthy  appearance,  and 
varyhig  much  hi  character,  being  sometimes  inflamed,  at  others  iratable  or 
sloughy,  and  then  becoming  indolent.  One  of  the  most  serious  effects  of  this 
ulcer  is  that,  by  penetrating  into  one  of  the  dilated  veins,  it  occasionally  gn  es 
rise  to  very  abundant  hemorrhage  ;  the  patient  in  the  com-se  of  a  few  seconds 
losing  a  pint  or  more  of  blood.  The  hemorrhage  comes  chiefly  fi-om  the 
proximal  side,  in  consequence  of  the  incompetence  of  the  valves  m  the  varicose 
veins  It  may  be  readily  arrested  by  laying  the  patient  on  his  back,  elevat- 
ing the  limb,  and  compressing  the  bleeding  point  with  a  pledget  of  hnt  and  a. 

roller.  ,  •  i  j.  ^ 

The  Treatment  of  a  varicose  ulcer  must  have  special  reference  to  the  con- 
dition of  the  veins  that  occasion  it ;  no  local  applications  having  much  effect 
unless  the  pressure  of  the  column  of  blood  in  the  dilated  vessels  be  taken  off 
the  part  This  may  be  done  by  means  of  a  well-apphed  bandage,  made  of 
elast  c  material,  or  a  laced  or  elastic  stocking  appKed  to  the  leg,  so  as  to  keep 
up  uniform  pressure  upon  the  distended  vessels.  Maiim's  india-rubber 
bandage,  already  described  in  the  treatment  of  the  chronic  ulcei",  will  k- 
found  e  pecially  useful  in  the  treatment  of  this  form  of  ulcer.  It  _has  tb. 
li-eat  advantage  over  the  elastic  stocking  of  being  suited  for  appliaition  o^el 
Z^X^^^oes  not  become  foul  by  use,  and,  moreover,  if  it  be  properly 
put  on,  the  pressure  is  more  uniform.  In  many  cases,  the  cicatrisation  o  th 
leer  cannot  be  brought  about  by  these  modes  of  treatment ;  or,  if  the  ulcei 
l  eal  it  constantly  biSaks  open  again  ;  or  hemorrhage  may  occiir  ft'om  a  rup- 
tr  d  veinC^^^  L  surface.'  Other  means,  which  will  be  described  m  a  futu^ 
chapter  must  then  be  taken  for  the  permanent  occlusion  of  the  varico  e 
veils  A  this  procedure,  however,  is  attended  by  some  danger  Irom  ti  c 
ILTs^Snal  induction  of  phlebitis  or  erysipelas,  it  should  not  be  had  recourse  o 
u~e  cISstence  of  L  or  other  of  the  conditions  jnst  mentioned  urgentl, 

nlmotrhagic  Ulcer.-llii.  is  a  dark  purpH^b "looking  sore,  which  occui^ 
in  woTen^uffedng  from  amenorrhoea,  and  has  a  special  tendency  to  ooze  blood 
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about  the  menstrual  periods,  whence  its  name.  It  usuall)-  jjartakes  of  the 
character  of  the  irritable  ul(;er. 

Treatment. — The  hEemorrhagic-  nicer  requires  to  be  treated  by  constitu- 
tional means,  having  for  their  object  the  improvement  of  the  patient's  general 
health  :  with  this  view,  the  preparations  of  iron  and  of  aloes  are  especialh'- 
useful. 

Ulcers  on  Mucous  Membranes. — Various  forms  of  ulcer  occur  upon 
mucous  membranes,  especially  those  of  the  throat,  rectum,  and  genital  organs. 
As  these,  however,  are  commonly  specific,  they  will  be  described  hereafter. 

Ulcers  of  mucous  membranes  when  not  of  a  specific  character,  present  the 
general  appearances  characteristic  of  the  cutaneous  healthy,  inflamed  or  weak 
varieties,  and  require  the  topical  applications  which  have  been  described  as 
suited  to  these  conditions  ;  though  genei'ally  they  will  demand  the  free 
employment  of  caustics,  or  astringents,  especially  of  the  nitrate  of  silver. 


VUL.  I. 


THE  PROGliSS   OF  HKPMR. 


CHAPTER  Yll. 


THE   PROCESS  OF  REPAIR. 

HAVINC4,  in  the  preeeding  ohapfcevs,  described  certain  pathological  con- 
ditions in  which  interference  with  normal  nutrition  and  destruction  of  tissue 
form  the  most  prominent  features,  we  have  now  to  give  a  summary  of  the 
processes  by  Avhich  repair  takes  place. 

Tt  will  be  most  convenient  to  considei-  i-epair,  first,  as  it  is  seen  in  the 
union  of  a  simple  wound,  the  surfaces  of  whicli  can  be  brought  accurately 
in  contact  with  each  other  ;  and  secondly,  as  it  takes  place  in  wounds  in  which 
the  loss  of  substance  renders  this  impossible,  or  in  which  the  injury  is^  such 
that  an  adherent  portion  of  dead  tissue  must  be  cast  off  before  any  repair  can 

take  place.  ... 

Five  different  modes  of  repair  ha \  e  been  described  as  occurring  ui  the  union 
of  incised  wounds.  1.  Immediate  union  or  direct  growing  together  of  the 
opposed  surfaces.  2.  Union  by  primary  adhesion,  through^  the  medium 
of  a  coagulable  exudation  from  the  opposed  surfaces.  :3.  Scabbing,  in  which 
one  of  the  above  processes  occurs  beneath  a  scab  formed  of  the  dried  dis- 
charges. 4.  By  granulation,  in  which  granulation-tissue  springs  up  from 
the  bottom  and  sides  of  the  wound,  and  eventually  becomes  covered  by  an 
epithelial  layer  ;  and  5.  By  secondary  adhesion,  in  AN'hich  two  gi'anulating 
surfaces,  being  placed  in  contact,  grow  together.  The  two  first  of  thes^ 
methods  of  repair  are  included  under  the  term  "  union  by  the  first  intention, 
and  are  confined  to  incised  and  punctured  wounds.  The  third  is  in  reality 
merely  an  accidental  condition  attending  union  l)y  the  first  intention.  The 
last  two  may  occur  in  incised  wounds  if  union  by  first  intention  fail,  and  arc 
the  only  means  by  which  contused  and  lacerated  wounds,  ^ith  some  rare 
exceptions,  have  been  known  to  heal. 

1.  Immediate  Union.— The  direct  growing  together  of  opposite  surfaces, 
"without  any  intervening  substance,  such  as  blood  or  lymph,"  was  first 
described  by  James  Macartney,  of  Dublin,  in  the  year  18:^8.  He  was  led  to 
the  opinion  that  such  a  process  occurred  by  the  observation  of  cases  m  which 
all  the  coarser  signs  of  inflammation,  redness,  swelling,  heat,  and  pam,  wiNi 
exudation,  were  wanting.  John  Hunter  had  believed  that  the  bond  of  union 
in  such  cases  was  the  extravasated  blood.  He  thus  described  the  process  as  he 
believed  it  to  occur  :  "  The  mouths  of  the  vessels  arc  soon  shut,  eitlu-r  by 
inosculation,  or  their  own  power  of  contraction,"  -  and  if  there  should  be  aio" 
„„^.,.fl.,.nu  ovfvnA-nsntofl  blood.  wc  kuow  that  it  will  be  afterwards  absorbed 


superfluous  e.Ktravasated  blood,  we    — 

The  blood  being  alive,  this  uniting  medium  becomes  immediately  a  part  of  our- 
selves, and  the  parts  not  being  offended  by  it,  no  irritation  is  produced  I  he 
red  T'articles  nre  absorbed,  and  nothing  but  the  coagulating  lymph  is  retniucd. 
which   being  the  true  living  bond  of  union,  afterwards  becomes  va.scular. 
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The  nieaiis  of  obsevvatiou  iu  the  time  of  John  Huuter  were  inferior  to  those 
of  Macartney,  yet  there  seems  httle  doubt  that  his  description,  eiToneous  as  it 
is,  contained  far  more  triitli  than  that  of  the  later  observer.  During  the  last 
fifteen  or  twenty  years  the  means  of  studying  such  processes  have  been  greatly 
improved  ;  and  there  can  now  be  no  doubt  that  such  a  mode  of  union  as  that 
descrihed  by  Macartuej''  never  takes  place.  It  is  imj)ossible  to  make  a  wound 
in  any  vascular  part  without  sufficiently  damaging  the  tissues  to  cause  a 
coagulable  exudation  to  take  place,  which,  mixed  with  wandering  cells,  forms 
the  first  bond  of  union  between  the  opposed  snifaces.  The  quantity  of  this 
exudation  may,  however,  be  so  small  that  it  can  be  recognized  only  in  micro- 
scopic preparations,  cut,  stained,  and  mounted,  according  to  the  modern 
methods  ;  and  it  is  not  surprising,  therefore,  that  it  escaped  the  notice  of 
foiTuer  pathologists. 

2.  Union  by  primary  adhesion  (Paget),  primary  tiniou,  union  "by 
adhesive  inflammation  (Huuter),  or,  as  it  is  more  commonly  called. 
Union  by  the  First  Intention,  is  that  form  of  union  which  occurs  without 
the  formation  of  pus,  and  in  which  the  accompanying  inflammation  is  purely 
traumatic,  being  strictly  limited  to  the  tissues  directly  injured  in  the  ])ro- 
duction  of  the  wound.  It  is  the  form  of  union  which  the  Surgeon  aims  at 
obtaining  in  all  wounds  unaccompanied  by  extensive  loss  of  substance,  or  by 
such  a  degree  of  injury  of  the  surface  as  to  cause  sloughing. 

In  order  that  primary  union  should  take  place,  the  follo^ving  conditions  are 
necessary  :— 1.  That  the  wound  be  not  contused  or  lacerated  to  such  a  degree 
as  to  cause  visible  sloughing  of  the  surfaces.  2.  That  the  patient's  constitu- 
tion be  in  a  healthy  state.  3.  That  the  interposition  of  all  foreign  bodies  be 
oarefidly  guarded  against.  4.  That  the  wound  be  closed,  and  its  sides  brought 
into  accurate  apposition.  5.  That  the  surfaces  after  being  brought  together 
be  kept  at  perfect  rest.  0.  That  no  cause  of  inflammation  be  introduced 
which  shall  tend  to  prolong  the  pi'ocess  beyond  the  period  necessary  for  the 
effusion  of  healthy  plastic  exudation,  or  to  make  it  spread  beyond  the  area 
actually  injured  by  the  knife. 

In  studying  union  by  first  intention,  it  is  essential  to  bear  in  mind  the  con- 
dition of  the  surface  of  a  clean  iucised  wound  immediately  after  its  infliction. 
The  mechanical  violence  inflicted  on  the  tissues  by  the  instrument  by  which 
the  wound  was  made,  the  exposure  to  cold  au-,  and  iu  the  present  day  in  many 
cases  the  application  of  some  irritating  chemical  antiseptic,  have  all  combined 
to  damage  the  exposed  tissues,  and  to  lower  their  vitality  to  a  degree  suflBcient 
to  give  rise  to  the  process  of  inflammation.  Here  and  there  in  individual 
cells  or  microscopic  layers  of  tissue  it  is  most  probable  that  the  damage  is 
sufficient  to  cause  actual  death.  In  the  whole  of  the  immediate  surface  of  the 
wound  the  vitality  is  lowered  to  a  degree  sidficient  to  cause  stasis  ;  imme- 
diately beyond  this  we  find  retarded  flow  with  exudation  of  liquor  sanguinis  and 
migration  of  the  white  corpuscles,  and  Ijeyond  this  again  is  an  area  of  simple 
vascular  dilatation — the  degree  of  damage  necessarily  diminishing  as  Ave  recede 
from  the  parts  directly  touched  by  the  cutting  instrument.  The  thickness  of 
the  layer  of  tissue  thus  injured  must  necessarily  vary  with  the  sharpness  of  the 
instrument  with  which  the  wound  was  made,  the  original  vitality  of  the  tissues, 
the  amount  of  violence  douc  in  cleaning  the  wound,  the  time  of  exposure  to 
cold  air,  and  the  nature  of  any  chemical  antiseptic  that  may  be  applied  to  it  : 
but  in  most  cases  of  cleanly  cut  wounds,  it  is  in  all  probability  merely  micro- 
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scopic.  This  condition  of  lowered  vitality  is,  except  in  the  microBCopic  shreds 
of  tissue  before  alluded  to,  merely  tenipoi-ary  :  and,  if  no  further  cause  of 
damage  be  introduced,  it  -will  pass  off  in  from  twelve  to  twenty-four  lioui-s, 
\vhen  all  the  phenomena  of  inflammatiou  which  occur  as  a  consequence  of  it 
AY  ill  subside. 

This  being  the  condition  of  the  surfa(;es  of  the  wound,  the  early  phenomena 
of  union  by  first  intention  are  readily  ex])lained  by  the  application  of  the 
description  of  the  process  of  inflammation  ah-eady  given.    Hsemorrliage  is 
first  arrested.    In  the  larger  vessels  this  is  effected  by  artificial  means  to  be 
discussed  hereafter,  but  in  the  smahcr  it  occurs  spontaneously.   The  mechanical 
stimulation  caused  by  the  cutting  instrument  causes  a  contraction  of  the 
smaller  arteries  extending  some  little  distance  from  the  surface  of  the  wound, 
and  amounting  to  complete  or  almost  complete  closure,  and  thus  the  rapidity 
of  the  capillary  circulation  supplied  by  them  is  retarded,  and  its  force 
diminished.    Such  blood  as  finds  its  way  into  the  wounded  capillaries  when 
it  reaches  the  damaged  area  shows  the  phenomena  of  stasis.    The  red 
corpuscles  adhere  to  each  other,  and  to  the  wall  of  the  vessel,  and  plug  its 
lumen,  and  at  the  most  damaged  part  where  the  vessel  is  divided  the  con- 
dition passes  on  to  definite  coagulation,  and  a  small  adherent  clot  is  formed, 
which  closes  the  open  mouth  of  the  capillary.    The  contraction  of  the  arteries 
is  merely  temporary,  and  soon  passes  off,  giving  place  to  dilatation  ;  but  by 
the  time  this  takes  place,  the  clots  in  the  divided  capillaries  are  sufficiently 
firm  and  adherent  to  prevent  a  recurrence  of  the  htemorrhage.    The  fuhiess 
of  the  vessels  resulting  from  the  arterial  relaxation  is  readily  observable,  and 
is  indicated  by  the  blush  of  redness,  with  slight  swelhng.  always  seen  in  the 
■edges  of  a  wound  a  short  time  after  its  infliction.    This  redness  is  not  limited 
to  the  area  actually  injured  by  the  knife,  but  extends  to  some  distance,  often 
one  inch  or  more  from  the  edge  of  the  wound.    The  causes  of  this  extensive 
blush  of  redness  are,  first,  the  stimulation  of  the  sensory  ner\-es  consequent 
upon  the  wound,  which,  as  we  have  before  seen,  causes  vascular  dilatation  in 
the  area  supplied  by  the  nerves  acted  on  ;  and  secondly,  the  mechanical 
obstruction  to  the  circulation  caused  by  the  obliteration  of  the  vessels  divided 
in  the  wound.    The  blood-pressure  being  thus  increased,  while  at  the  same 
time  the  vitality  of  the  walls  of  the  vessels  has  been  lowered  or  suspended  in 
the  injured  area,  abundant  effusion  of  coagulable  exudation,  with  escape  of  a 
gi-eater  or  less  number  of  red  corpuscles  and  rapid  migration  of  the  white,  sets 
fn  ;  and  the  exudation,  finding  a  ready  way  by  the  open  lymph-spaces,  poors 
out  on  the  surface  of  the  wound.    Here  it  coagulates  ;  the  fibrin  entangling 
innumerable  white  corpuscles  in  its  meshes,  mixed  with  a  variable  number  of 
red,  remains  adherent  to  the  surface,  while  the  serum,  darkly  stained  with  red 
corpuscles,  drains  away.    It  is  seldom  in  the  in-esent  day  that  an  opportunity 
is  obtained  of  watching  the  naked  eye  appearances  of  this  process,  as 
wounds  are  almost  invariably  closed  as  soon  as  possible  after  their  infliction  ; 
but  formerly  many  Surgeons  left  wounds  open,  to  become  "  glazed,  '  as  it  was 
called  before  bringing  them  together.    In  an  amputation  wound  treiited  m 
this  way  the  process  of  exudation  can  be  watched ;  drops  of  reddish  serum 
accumulate  here  and  there  on  the  surfaces  of  the  flaps,  like  beads  of  pcrspn-a- 
tion  in  profuse  sweating  ;  these  by  coalescence  with  others,  and  by  graduaJ 
increase,  reach  a  certain  size,  and  then  trickle  off  the  surface  of  the  exposed 
wonnd,  like  drops  of  rain  down  a  wiiulow.    After  the  process  has  lasted  an 
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hour  or  two,  the  surface  of  the  flap  begins  bo  assume  a  glazed  appearance,  the 
"  glaze  "  being  formed  of  the  coagulated  fibrin  mixed  with  corpuscles  as  above 
described.  This  material,  to  which  in  the  i)resent  day  the  term  jjlctsUc 
cmdation "  is  perhaps  most  conveniently  applied,  is  spoken  of  also  as 
coagulaUe  lijmph,^''  "■inflammatory  hjmpli^''  or  "  l'ij)ii])h''  After  the  process 
has  continued  for  some  time,  the  serum,  wliich  was  at  first  almost  as  red  as  pure 
blood,  becomes  almost  colourless,  and  diminishes  greatly  in  quantity.  The 
two  flaps,  being  now  covered  by  the  adhesive  plastic  exudation  or  lymph, 
adhere  to  each  other  readily  with  a  certain  degree  of  firmness  if  brought 
together,  and  thus  a  temporary  union  is  obtained,  which  provides  for  the 
perfect  rest  and  apposition  necessary  for  the  permanent  growing-together  of 
the  opposed  surfaces.  The  cessation  of  the  exudation  occurs  as  soon  as  the 
damaged  tissues  recover  their  full  vitality.  The  plastic  exudation,  just  like  a 
blood-clot,  becomes  gradually  dryer  and  firmer  as  the  serum  drains  completely 
away  from  it.  Any  microscopic  shreds  of  tissue  which  may  have  been  killed 
outright  by  the  injury  become  imbedded  in  the  plastic  exudation,  and  are 
finally  absorbed  by  the  wandering  cells  without  causing  any  suppm-ation  or 
other  disturbance.  This  process  of  temporary  union  should  be  complete  at  the 
end  of  from  twelve  to  twenty-four  hours,  the  time  varying  with  the  size  of  the 
wound  and  the  amount  of  damage  done  to  the  tissues  in  its  infliction  or  in  its 
treatment.  If  the  surface  of  the  wound  be  washed  over  with  some  strong- 
antiseptic  solution,  such  as  carboKc  acid  lotion  (1  in  20)  or  chloride  of  zinc 
(20  grs.  to  1  oz.),  both  the  quantity  and  the  dm-ation  of  the  exudation  will  be 
increased  ;  but  even  then  it  should  practically  cease  at  the  end  of  twenty-fom* 
hours.  In  large  irregular  wounds  in  which  it  is  impossible  to  obtain  perfect 
apposition  a  small  quantity  of  serous  discharge  will  continue  to  escape  from 
the  surfaces  not  in  contact,  a  condition  which  must  necessarily  occur  in  all 
surfaces  in  the  living  body  not  provided  with  an  impermeable  epithelial 
covering. 

A  wound  in  which  union  by  first  intention  is  taking  place,  if  removed  at 
the  end  of  twenty-four  hours  and  examined  by  microscopic  sections,  presents 
the  following  appearances.  The  vessels  on  each  side,  if  they  have  not 
emptied  themselves  after  the  specimen  was  removed,  are  seen  to  be  distended 
with  blood,  and  their  actual  divided  extremities  to  be  fiUed  with  small  clots. 
Outside  the  vessels  a  few  wandering  cells  are  recognizable,  increasing  in  number 
as  the  actual  wound  is  approached.  The  original  cells  of  the  part  show  no 
change.  Between  the  sm-faces  of  the  wound,  the  plastic  exudation  glueing 
them  together  is  seen  as  a  closely  packed  mass  of  small  round  cells  (leucocytes) 
between  which  the  coagulated  fibrin  is  not  recognizable,  as  it  is  concealed  by 
the  cells.  Here  and  there  are  groups  of  red  corpuscles  or  small  patches  of 
blood-clot,  varying  in  amount  according  to  the  degree  of  perfection  with 
which  the  capillary  hEemorrhage  was  arrested  before  the  surfaces  of  the  Avound 
were  brought  into  apposition. 

So  far,  therefore,  the  process  of  primary  union  is  merely  one  of  inflamma- 
tion, resulting  fi-om  the  damage  done  to  the  tissues  during  the  infliction  of  the 
woimd  and  in  the  subsequent  proceedings  of  cleaning  it,  arresting  haemorrhage, 
and  bringing  the  surfaces  together.  All  these  causes  are  merely  temporary, 
ceasing  to  act  as  soon  as  the  wound  is  brought  together.  The  inflammation 
.IS  purely  traumatic,  and  as  such  has  no  tendency  to  persist  or  to  extend  beyond 
the  area  originally  injured.    It  reaches  its  highest  stage  within  a  few  minutes 
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of  the  infliction  of  the  wound,  in  fact,  as  soon  as  the  temporary  contraction  of 
the  arteries  passes  ofl'  and  is  succeeded  by  dilatation  ;  and  its  natural  course  is  to 
snbside  gradually  as  the  tissues  recover  from  the  damage  done  to  them  at  the 
time  of  the  injiuy. 

The  process  of  union  by  first  intention  will  be  disturbed  or  entirely  pre- 
vented by  the  introduction  of  any  cause  which  will  prolong  the  inflammation 
or  make  it  assume  a  spi'eading  or  infective  character.  Under  these  circum- 
stances the  transudation  of  \u\\\ov  sanguinis  and  the  migration  of  the  white 
corpuscles  M'ill  continue,  and  instead  of  the  thin  layer  of  dry  firm  ]»laBtic 
exudation,  composed  merely  of  living  corpuscles  entangled  in  the  meshes  of 
the  coagulated  fibrin,  there  will  be  a  soft  exudation,  excessive  in  (pantity,  the 
more  superficial  layers  of  which  will  soften  and  break  down  into  pus,  a  fluid 
layer  thus  being  interposed  between  the  surfaces  of  the  wound,  effectually  pre- 
venting primary  union. 

Amongst  the  causes  which  lead  to  persistence  of  inflammation  in  a  ^\  ound 
and  consequent  suppuration,  the  following  may  be  mentioned  as  the  most 
common  : — 

1.  The  nature  of  the  injury  ;  a  Itlunt  or  jagged  weapon  may  so  damage  the 
tissues  as  to  cause  actual  death  of  a  layer  of  some  thickness,  which  must  be 
separated  by  a  ]irocess  of  ulceration  and  suppuration  (see  p.  259). 

2.  The  tissues  themselves  may  be  feeble  either  from  general  or  local  causes, 
and  consequently  possess  a  duninished  power  of  resisting  injm-y  and  of  rallyhig 
fi-om  its  effects. 

3.  The  raw  surfaces  may  be  constantly  rubbed  against  each  other  if  the 
wounded  part  be  not  kept  at  perfect  rest,  and  the  mechanical  irritation  from 
this  cause  is  qnitc  sufficient  to  maintain  the  process  of  inflammation. 

4.  If  proper  provision  be  not  made  for  the  escape  of  the  serum  that  neces- 
sarily flows  from  the  freshly  wounded  surface,  the  cavity  of  the  wound  becomes 
distended  by  it,  and  not  only  are  the  surfaces  separated  from  each  other,  but 
they  are  exposed  to  the  irritation  of  tension,  and  while  this  is  acting  the 
inflammatory  process  cannot  subside,  but  the  exudation  will  continue  and 
intensify  the  evil,  the  cavity  of  the  wound  coming  to  resemble  that  of  an 
acute  abscess.  Tension  from  tight  stitches  causes  a  similar  persistence  of  the 
inflammatory  process. 

.5.  If  in  such  an  uudrained  woimd  the  causes  of  decomposition  are  present, 
l)utrefaction  of  the  serous  fluid  speedily  sets  in,  and  the  irritating  products  of 
decomposition,  pent  up  as  they  are  in  contact  with  the  raw  surface  at  some 
de-Tee  of  pressure,  soak  away  into  the  lymph-spaces  of  the  suri-ounding  tissues, 
and  thus  cause  a  spreading 'inflammation  which  may  extend  to  a  considerable 
distance  beyond  the  area  actually  injured  by  the  instrument  which  inflicted 
the  wound.  The  firm  plastic  exudation  that  is  left  uniting  the  surfaces  of  a 
well-drained  wound  being  composed  almost  entirely  of  living  cells  is  not  liable 
to  putrefaction,  and  any  of  the  ordinary  bacteria  which  may  come  m  contact 
with  it  arc  powerless  to  produce  any  e\nl  effect.  It  need  iiardly  be  pointed  out 
that  unless  decomposable  matter,  either  in  the  form  of  excessive  l)lood-c]ot  «.r 
nent-up  serum,  is  present  in  the  wound,  no  decomposition  will  take  place. 

6  The  persistence  of  the  inflammation  may  be  due  to  the  presence  ot  a 
foreign  body  in  the  wound.  A  foreign  body  may  give  rise  to  su];>puration 
cither  from  its  being  in  itself  in-itating,  mechanically  or  chomically,  or 
from  its  being  porous  in  character,  and  thus  absorbing  serum,  whicli  after- 
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wards  decomposes.  Ou  the  otlier  hand,  smooth  iiou-absorbeut  bodies,  such  as 
metals,  or  soft  absorbent  substances,  as  unwaxed  silk,  under  successful  anti- 
septic treatment  may  become  enclosed  in  a  healing  wound  without  causing  the 
formation  of  pus. 

7.  Lastly,  union  by  first  intention  is  necessarily  prevented  by  the  inocula- 
tion of  the  poison  of  any  of  the  s]iecitic  spreading  inflammations,  as  hospital 
gangrene  or  erysipelas. 

It  now  remains  to  trace  the  process  by  which  the  imperfect  union  by  means 
of  the  plastic  exudation  is  converted  into  permanent  heahng.    Although,  as 
we  have  seen,  inflammation  is  necessary  for  the  formation  of  the  first  bond  (rf 
union,  its  absence  is  equally  essential  for  the  healthy  development  of  the  scar. 
The  first  step  in  the  process  is  the  development  of  new  blood-vessels,  which 
])euetrate  the  plastic  exudation  and  finally  communicate  with  similar  new 
vessels  from  the  opposite  side  of  the  wound.    Small  lateral  dilatations,  or 
pctuches,  appear  at  some  points  on  the  walls  of  the  nearest  old  vessels  ;  these 
grow  out  into  the  plastic  mass,  bend  towards  each  other,  coalesce,  and  thus 
form  loops.    These  loops  give  rise  to  secondary  vascular  buds,  which  follow 
the  same  course  of  development,  and  thus  the  vascularisation  of  the  plastic 
exudation  is  completed.    These  buds  are  not  formed  by  mere  stretching  of 
the  wall  of  the  vessel ;  they  are  true  growths  fi'om  its  proto])lasm.    It  is  not 
cerfcain  by  what  means  the  two  buds  are  guided  towards  each  other  until  they 
meet  and  unite,  but  it  is  not  im])robable  that  they  follow  the  processes  of  a 
branching  cell.    This  process  of  A  ascularisation  commences  as  soon  as  the  in- 
flammation ceases.    "Wywodzolt"  has  found  distinct  loops  commencing  to  form 
in  a  wound  ia  the  tongue  of  a  dog  forty-eight  hours  after  the  infliction  of  the 
injury.    Probably  in  a  healthy  wound  the  process  is  completed  by  the  fifth  or 
sixth  day.  When  fully  developed  the  new  v  essels  are  very  abundant,  much  more 
so  than  in  healthy  connective  tissue.    We  uow  ha^  e,  therefore,  as  the  uniting 
medium,  a  mass  of  rounded  cells,  amongst  which  ramify  innumerable  thiu- 
AvaUed  capillaries — in  short,  a  thin  layer  of  granulation-tissue.  Granulation- 
tissue  differs  from  the  "i^lastic  exudation,"  or  "lymph,"  in  containing  A'essels, 
and  in  possessing  a  homogeneous  intercellular  substance,  instead  of  the  coagu- 
lated fibrin  which  has  now  disappeared.    The  cells  which  compose  it  are  in 
many  cases  somewhat  larger  than  white  corpuscles,  and  some  may  be  met  with 
of  a  branched  form.    The  origin  of  the  cells  of  granulation-tissue  is  still 
involved  in  some  obscurity.  Two  chief  views  are  entertained  concerning  them : 
1st.  That  they  are  developed  directly  fi-om  the  migrating  white  corpuscles  by 
multiplication  of  these  cells  after  they  have  taken  up  their  new  position  out- 
side the  vessels.    2nd.  That  they  are  develoiDcd  from  the  original  cells  of  the 
])art,  Avhich  commence  to  divide  and  multiply  as  soon  as  the  tissues  recover 
from  the  temporary  damage  done  them  by  the  infliction  of  the  wound  and  the 
consequent  inflammation  has  ceased  ;  the  new  tissue  thus  formed  replacing  the 
layer  of  migrated  leucocytes  and  coagulated  fibrin  which  formed  the  j)rimary 
bond  of  union.    It  is  impossible  here  to  give  the  evidence  adduced  in  favour 
of  tiiese  theories  ;  but  it  is  easy  to  understand  how  great  are  the  diiSculties  in 
the  way  of  the  observer  ;  as,  in  the  first  i)lace,  the  migration,  which  necessarily 
occurs  immediately  after  the  wound,  more  or  less  conceals  and  obscm-es  the 
original  cells  of  the  part,  and  in  the  second  place,  a  connective-tissue-corpuscle, 
if  it  does  multiply,  loses  its  characteristic  appearance  and  assumes  the  form  of 
a  group  of  small  round  cells,  closely  resembling  in  appearance  a  collection  of 
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iiiigrafcing  leucocytes.  Ziegler  and  Tillmauns  have  fihown  that  new  connective 
tissue  can  be  developed  in  small  glass  capillary  chambers  inserted  beneatli  the 
skin,  and  in  ]M)rtions  of  dead  tissue  inserted  in  tlie  peritoneal  cavity  of  a  rabVnt ; 
and  on  reading  the  results  of  their  experiments,  it  is  difficult  not  to  believe 
that  the  new  tissue  may  be  developed  from  migi'ating  cells.  On  the  other 
hand,  Senftleben  has  clearly  shown  that  in  the  (,'ornea  by  a  special  mode  of 
experimenting,  a  loss  of  substance  may  be  olitained  without  causing  inflamma- 


y-y..  OP.-Giainilatioii-tissuo.  x  SCO.  A.  Suiieilicial  l.nyer  just  breaking  drnvu  into  ims ;  a,  ooagu  alcU 
°  .semi-fluid  intercellular  substance;  7,,  pus-edls.  B.  Growing  layer  „f  nianulati<m-tissue;  h,  blond- 
vessels,  iniiierfectly  developed;  <•,  granulation-cells;  c',  cells  with  nuclei  d.vnling  i  p,  InMnogencons 
•Tound-substnnce  coagulated  by  the  hardening  fluid.  C.  Ueever  layers  of  grauulation-tissne  dc\  eloring 
futo  fibrous  tissue  ;  h,  blood-vessel  ;  c",  grannlation-cells  lengllieuing  out  into  spnidle  cells  ;  g ,  ground- 
substance  commencing  to  flbrillate  ;  /,  rndinientury  libres. 


tion,  and  that,  under  these  circumstances,  the  corneal  corpuscles  can  be  seen  to 
take  a  direct  part  in  the  process  of  repair. 

Whatever  the  origin  of  the  new  cells  in  granulation-tissue  may  be,  the  sub- 
se(iucut  changes  by  which  the  soft,  highly  vascular  cellular  mass  is  converted 
into  the  dense,  almost  non-vascular,  fibrous  tissue  which  forms  the  cicatrix, 
have  been  followed  with  great  accuracy.  The  round  cells  of  which  the  granu- 
lation-tissue is  formed  first  liecomc  lengthened  out  and  arranged  in  hues,  chiefl) 
parallel  to  the  vessels.  At  first  between  the  cells  there  is  merely  a  little  homo- 
<reneou8  intercellular  substance,  scarcely  recognizable,  but  this  gradiiall) 
iiicreases  in  quantity  and  becomes  fibrous  in  structure.  How  the  fibrous  tissue 
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is  developed  is  another  disputed  point  ;  it  is  uueertaiu  whether  it  is  developed 
by  a  direct  conversion  of  the  protojilasni  of  the  cells  into  filn-es,  or  by  a  process 
of  fibrillation  of  the  intercellular  substance.  This  much  is  certain,  however, 
that,  as  the  fibres  make  their  appearance,  the  cells  disappear  to  a  great  extent, 
until  at  last  only  a  few  flattened  corpuscles  of  the  form  of  those  ordinarily 
found  in  connective  tissue  are  left  lying  on  the  bundles  of  fibres.  At  the  same 
time  a  gradual  obliteration  of  the  ^•essels  which  formed  so  large  a  part  of  the 
granulation-tissue  takes  ])lace,  until  the  scar  becomes  as  devoid  of  vessels  as  a 
piece  of  tendon.  Owing  to  the  disappearance  of  so  large  a  number  of  cells, 
and  the  obliteration  of  such  innumerable  vessels,  this  process  of  development 
of  granulation-tissue  into  cicatricial  fibrous  tissue  is  accompanied  by  a  con- 
siderable diminution  in  bulk,  and  thus  a  scar  is  always  much  smaller  than  the 
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••it'.  100.— A  cicatrix,  three  weeks  old  after  union  by  the  first  intention;  lie,  normal  epithelium;  e,  new 
epithelium  covering  the  scar;  sc,  young  librous  tissue  containing  elongated  cells  iiarallel  to  the 
vessels ;  r,  a  vein  ;  tj!,  a  sweat  gland ;  /,  fat.  The  tissues  on  each  side  of  the  scar  contain  numerous 
leucocytes. 

original  raw  surface  from  which  it  resulted.  The  new  fibrous  tissue  differs 
from  healthy  areolar  tissue  in  being  more  dense,  in  containing  no  lymphatics 
or  lymph-spaces,  and,  in  the  absence  of  yeUow  elastic  fibres.  It  is  this  that 
gives  a  scar  its  unyielding  rigidity  and  want  of  elasticity.  Very  old  scars  are 
said  gradually  to  come  to  resemble  normal  fibrous  tissue  more  closely,  even  to 
the  extent  of  developing  yellow  elastic  tissue. 

The  time  occupied  in.  these  changes  is  not  accurately  defined.  We 
have  already  seen  that  the  formation  of  the  " plastic  exudation,"  or  "lymph," 
commences  immediately  after  the  injury,  and  under  favourable  circumstances 
is  finished  by  the  end  of  the  first  twenty-four  hours.  According  to  Billroth, 
new  vessels  can  be  seen  commencing  to  form  within  forty-eight  hours,  and  by 
the  end  of  a  week  a  complete  communication  is  established  between  the  capil- 
laries on  each  side  of  the  wound.  Early  in  the  second  week  the  cells  have 
lengthened  out,  and  the  development  of  fibrous  tissue  has  commenced  ;  and 
by  the  end  of  the  second  week  the  superabundant  vessels  have  been  partly 
obliterated,  and  the  new  tissue  has  assumed  a  considerable  degree  of  firmness. 
The  filial  obliteration  of  the  vessels  in  the  cicatricial  tissue  is  u  slow  process. 
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lasting  many  months.  Until  this  is  conipletod  tlie  scar  remains  redder  than 
the  surrounding  skin,  thcjugh  afterwards  it  l)ecoines  oi)aque  and  wln'te. 

It  is  evident  that  these  changes  can  be  seen  on  rnicrosc-opic  examina- 
tion only  in  those  wounds  in  \vhich  the  surfaces  have  been  sepai-ated  from 
each  other  by  an  appreciable  layer  of  plastic  exudation  or  coagulated  blood. 
When  the  apposition  of  the  surfaces  has  been  jnore  ])erfect,  the  layer  of 
luiiting  material  may  be  so  thin  as  to  be  scarcely  recognizable,  and  four  days 
after  the  infliction  of  the  "wound  it  may  be  ahnost  impossible  to  detect  any 
bond  of  union,  the  line  of  the  incision  being  marked  only  by  the  presence  of 
a  few  wandering  cells,  and  some  traces  of  nnabsorbed  ]-ed  corpuscles.  That 
true  union,  however,  in  such  a  case  has  not  definitely  taken  place  at  this 
'iime  is  shown  by  the  care  which  is  necessary  in  preserving  the  s])ecimeu 
for  microscopic  examination,  to  prevent  the  surfaces  from  separating  from 
each  other. 

So  far  we  have  described  only  the  process  of  niiioji  as  it  occun?  in  the 
deeper  parts  of  the  wound.  The  repair  of  the  divided  epithelium  is  a 
more  simple  process  and  is  earlier  completed.  As  soon  as  the  surfaces  are 
united  by  granulatiou-tissue,  neAV  cells  are  formed  from  each  side  Ity  the 
ordinary  processes  of  growth  fi'om  the  Malpighian  layer  of  the  epithelium. 
The  new  cells  spread  over  the  surface  of  the  granulation-tissue,  and  soon  meet 
and  cover  it  in  ;  as  the  growth  continues  the  superficial  cells  become  corneous, 
and  a  perfect  restoration  of  the  cuticle  is  thus  accomplished.  As  the  layer  of 
granulation-tissue  to  be  covered  over  in  a  wound,  the  edges  of  which  have 
been  accurately  approximated,  is  merely  microscopical,  it  is  evident  that  in 
such  a  case  the  repair  of  the  epithelial  layer  of  the  skin  must  occm-  almost 
immediately  after  the  cessation  of  the  serous  discharge.  Where  there  is  a 
wider  interval  it  may  be  delayed  for  a  varying  time  according  to  the  width  of 
the  surface  to  be  covered,  but  in  all  cases  it  is  accomplished  long  before  the 
complete  development  of  the  fibrous  tissue  of  the  scar  beneath. 

In  the  process  of  superficial  cicatrisation,  no  new  papillae  are  formed,  and  it 
is  this  which  gives  a  scar  its  smooth  surface. 

We  have  thus  traced  the  development  of  a  scar,  and  shown  that  in  its 
formation  new  blood-vessels,  new  epithelium,  and  new  fibrous-tissue  are 
developed,  and  as  a  rule  these  structures  alone  form  the  bond  of  union  after 
division  of  the  soft  parts.  In  wounds  of  cartilage,  muscle  and  central  nervous 
tissue,  no  regeneration  of  the  original  tissues  takes  place,  the  scar  being 
composed  solely  of  fibrous  tissue.  Large  vessels  when  comiiletely  divided  are 
obliterated  and  converted  into  a  fibrous  cord  as  far  as  the  nearest  collateral 
branch.  As  we  shall  see  hei-eafter,  bone  is  repaired  by  bone,  and  under  favour- 
able circumstances  large  nerves  are  completely  united  by  normal  nerve-tissue. 
In  large  scars,  however,  the  development  of  new  nervous  tissue  is  veiy  imioer- 
fect,  if  it  occurs  at  all.  Little  is  known  of  the  formation  of  lymiihatics  in 
old  scars  ;  but  injections  show  that  they  are  wanting  in  granulation-tissue  and 
young  scars. 

3.  Union  by  Scabbing  does  not  require  any  detailed  description.  The  for- 
mation of  the  scab  niav  in  fact  be  regarded  rather  as  a  form  of  occlusive 
dressing,  than  as  a  pathological  ])roccss.  The  scab  is  composed  merely  of  the 
dried  serous  discharge,  and  its  formation  is  favoured  by  the  presence  of  ban-, 
which  becomes  matted  togcthei-  and  gives  toughness  and  solidity  to  the  crust. 
A  scab  also  serves  to  keep  the  wound  free  from  decomposition,  as  for  its  for- 
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matidu  the  aliseiice  of  water  is  iiccessaiy,  whereas  the  proscucc  of  water  is 
essential  to  putrefaction.  When  once  formed  it  mechanically  excludes  the 
causes  of  decomposition.  Eor  healing  by  scabbing  the  same  conditions  are 
iiecessaiy  as  for  union  by  first  intention  ;  anything  that  causes  a  persistence  of 
inflammation,  l)y  leading  to  continued  effusion,  will  soften  or  loosen  the  crust. 
If  the  scab  forms  before  the  serous  effusion  has  ceased,  and  thus  retains  it  iu 
the  wound,  the  surfaces  will  be  separated,  and  tension,  causing  persistent  in- 
flammation ending  in  suppuration,  will  follow,  which  in  many  cases  will  be 
aiigravated  by  decomposition  of  the  pent-up  dischai'ge  :  for  although  the  scab 
may  exclude  oi'ganisms  from  without,  the  wound  will  probably  contain  large 
luinibers  which  have  entered  before  it  was  closed,  and  are  ready  to  develop  if 
ihey  lind  a  suitable  fluid  in  which  to  grow. 

In  the  human  subject,  therefore,  it  is  only  in  small,  cleanly  cut  wounds  that 
healing  by  scabbing  is  hkcly  to  occur  ;  it  is,  however,  more  common  in  the 
lower  animals.  The  processes  that  occur  beneath  the  scab  are  identical  with 
those  already  described  under  union  by  first  intention. 

The  natural  process  of  scabbing  is  sometimes  imitated  by  the  .Surgeon  when 
lie  closes  a  small  punctured  wound,  such  as  that  often  inadc  by  the  bone  in  a 
compound  fi'acture,  with  a  piece  of  lint  dipped  iu  blood,  collodion,  styptic 
rolloid,  friars':balsam,  &c.,  under  which  union  may  cake  place. 

4.  Union  liy  Granulation. — In  those  cases.in  which  from  the  nature  of  the 
wound  union  by  first  intention  is  impossible,  or  iu  which  from  the  broken 
state  of  the  patient's  constitution,  or  from  some  local  interference  with  the 
p]-ocess,  it  fails  to  be  accomplished,  healing  by  "  the  Second  Intention," 
;is  it  is  termed,  occurs  ;  and  we  may  often  see  in  the  same  wound  one 
portion  unite  by  primary  union  and  the  remainder  by  granulation.  Amongst 
the  injuries  in  which  we  look  for  union  by  the  second  intention  are  included 
contused  and  lacerated  wounds  of  all  kinds,  in  which,  from  the  mechanical 
violence  clone  to  the  tissues,  a  layer  of  variable  thickness  is  completely  deprived 
I  if  its  vitality  and  has  to  be  cast  off  as  a  slough  by  ulceration  before  the  process 
of  repair  can  commence  ;  incised  wounds  with  loss  of  so  much  substance  that 
it  is  impossible  to  bring  the  surfaces  into  apposition,  as  after  the  removal  of 
malignant  tumours:  and  wounds  through  which  some  secz'etion  flows,  as  in 
lithotomy.  Poisoned  wounds  also  must  unite  in  the  same  way,  as  they  are 
ccompanied  by  a  persistent  and  often  spreading  inflammation  due  to  the 
irns  with  which  they  are  infected.  The  raw  surfaces  folloAving  burns  and 
-calds,  and  the  cavities  left  after  removal  of  dead  bone,  arc  repaired  Uy  the 
same  process. 

Union  by  granulation,  although  apparently  differing  so  widely  from  that  by 
t  he  first  intention,  is  in  reahty  accomplished  by  the  same  processes  modified 
according  to  tlie  altered  circumstances  of  the  injured  part.    In  union  by  the 
first  intention  Ave  saw  that  after  the  surfaces  of  the  wound  are  brought  into 
apposition  and  put  at  perfect  rest,  every  source  of  irritation  is  absent,  and 
'  onscquently  inflammation  with  its  accompanying  exudation  ceases  as  soon  as 
he  injured  tissues  have  re(;overcd  from  the  state  of  loweredvitality  into  which 
hey  were  thrown  by  the  injury.    In  wounds  which  unite  by  granulation 
liere  is  always  some  source  of  irritation  present  which  continues  to  act  for  a 
'  onsiderable  time  after  the  injury,  and  thus  gives  rise  to  a  prolongation  of  the 
inflammatory  process  with  the  formation  of  pus.    Thus,  in  a  simple  open 
wound  with  loss  of  substance,  the  raw  surface  is  exposed  to  the  influence  of 
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cold  air,  to  the  ineclianioal  irritation  of  tlie  dressings  and  to  the  chemical 
irritation  of  antiseptic  nohitions  in  some  cases  and  decomposinj^  discharges  in 
others.  In  poisoned  wounds  the  specific  virus  with  wiiich  they  are  infected 
maintains  the  inflammatory  process,  fn  cases  of  contused  and  lacerated 
Avounds,  01-  in  burns  and  scalds,  the  dead  tissue  serves  as  the  source  of  pro- 
longed irritation  until  it  is  separated  by  ulceration  and  thrcjwn  off. 

The  process  of  union  by  the  second  intention  is  followed  most  easily  in  the 
case  of  a  simple  wound  with  loss  of  substance  so  extensive  as  to  render  the 


101.— Gritmilatiii-  rfore,  injected,  h,  a  hair  ;  /a-,  margin  of  sure;  .!,  new  oi)itlielimn  at  tlie  edge  of 
tlie  soie  :  f,  a  newly-lorniea  vascular  loop ;  (/,  grauulatioii-tissuc  ;  a,  an  ai-tery ;  r,  a  small  vein  ;  ffi, 
sweat-gland. 


a,pproximation  of  the  surfaces  impossiljle.  The  hsemon-hagc  in  such  a  wound 
is  an-ested  in  the  same  way  as  has  already  been  described  in  treating  of  union 
by  the  first  intention,  and  the  same  process  of  exudation  takes  place.  The 
liquor  sanguinis  coagulates  on  the  raw  surface,  the  serum  drains  away,  and  the 
fibrin  remains  behind  entangling  the  migrating  white  blood-corpuscles  in  its 
meshes.  In  union  by  first  inte)ition,  as  we  have  seen,  the  exudation  ceases  in 
a  few  hours,  as  the  tissues,  not  having  been  injured  to  such  an  extent  a.s  to 
destroy  their  vitality  and  licing  protected  from  every  source  of  irritation, 
speedily  return  to  their  normal  state.  In  such  a  wound  as  we  are  considering, 
however,  the  raw  surfiice  must  necessarily  be  in  contact  with  some  foreign 
material,  and  is  thus  exposed  to  a  persistent  source  of  irritation  in  consequence 
of  which  the  exudation  continues  ;  the  migrating  cells  accumulate  on  the 
surface,  forming  a  layer  of  consideralile  tliickncss,  and  infiltrate  the  tissues 
beneath,  destroying  and  taking  the  place  of  the  superficial  parts  which  have 
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suffered  most  se\-ercly  from  the  injuiy  and  the  subsequent  sources  of  irritation. 
The  superficial  cells  of  the  layer  thus  formed  being  exposed  necessarily  to 
injmious  influences,  such  as  the  contact  of  foreign  bodies,  the  irritation  of  anti- 
^  •ptic  dressings,  or  of  decomposing  discharges,  &c.,  perish,  become  granular, 
lose  their  adhesion  to  each  other  and  float  away  as  pus-cells  in  the  serous 
discharge.  In  the  pus  that  is  thus  formed  on  the  surface  of  the  sore,  some 
freshly  migrated  white  corpuscles  still  manifesting  the  characteristic  amoeboid 
movements  will  always  be  found.  While  this  process  of  pus-formation  is 
raking  place  on  the  surface,  development  of  new  vessels,  by  the  process  already 
lescribed  under  union  by  first  intention,  is  taking  place  in  the  layers  beneath, 
;ad  at  the  same  time  there  is  an  active  cell-growth  which  more  than  com- 
pensates for  any  loss  that  may  be  takiug  place  from  the  surface  in  the  forma- 
tion of  pus,  and  the  loss  of  substance  which  resulted  fi-om  the  original 
injury  is  gradually  repaired.  We  have  thus  developed  an  actively  growing 
layer  of  granulation-tissue,  that  is  to  say,  of  a  tissue  composed  of  small  round 
i  :Tls  adhering  to  each  other  by  a  homogeneous  intercellular  substance,  and 
traversed  by  an  abundant  system  of  thin-walled  capillary  -s'essels.  In  a  super- 
ficial granulating  sore  the  vessels  form  loops  the  convex  sides  of  which 
are  directed  towards  the  surface.  The  same  diflFerences  of  opinion  exist  as  to 
the  origin  of  the  new  cells  which  appear  in  the  process  of  healing  by  second 
intention,  as  have  been  already  pointed  out  as  existing  with  regard  to  the  same 
process  in  union  by  the  first  iutention.  In  whatever  way,  however,  the  cells 
are  formed,  this  much  is  certain,  that  "  gTanulation-tissae  "  is  a  true  tissue, 
resembling  embryonic  tissue  in  its  power  of  growth,  by  which  it  fills  up  the 
gap  left  by  the  loss  of  substance  or  formed  by  the  gaping  of  the  surfaces  of  a 
wound  in  which  union  by  first  intention  has  failed  to  take  place.  Like  any 
other  tissue,  "  granulation-tissue  "  is  capable  of  suflFering  from  inflammation 
if  exposed  to  injurious  influences.  If  removed  from  every  source  of  irritation, 
the  circulation  is  as  active  through  the  new  vessels  as  it  is  in  those  of  the 
original  tissues,  transudation  is  not  in  excess  of  the  requirements  of  nutrition, 
and  few,  if  any,  of  the  corpuscular  elements  of  the  blood  escape  through  the 
vascular  walls.  The  growth  takes  place  by  the  division  of  the  cells  of  the 
granulation-tissue,  and  not  by  the  addition  of  migrating  corpuscles  from  the 
vessels.  If  the  tissue  be  exposed  to  injurious  influences  which  lower  its 
vitality,  exudation  takes  place,  making  the  granulations  swollen,  soft  or  even 
(Edematous,  and  multitudes  of  migrating  cells  find  their  way  to  the  surface  and 
float  away  with  the  serum  as  pus,  mixed  with  the  superficial  granulation-cells 
which  have  perished  and  lost  their  adhesion  to  each  other.  Thus,  when  on  a 
raw  surface  a  healthy  layer  of  granulation-tissue  is  formed,  it  is  theoretically 
possible  that  the  surface  may  discharge  no  pus,  only  a  small  quantity  of  serous 
fluid  escaping  owing  to  the  want  of  an  impermeable  epithelial  covering.  In 
order  that  this  may  occur,  the  delicate  cells  of  which  its  surface  is  composed 
must  be  protected  from  every  possible  source  of  imtation,  whether  physical, 
mechanical  or  chemical.  Such  a  condition  it  is  practically  scarcely  possible 
to  obtain,  but  ex])erieuce  of  modern  methods  of  dressing  has  shown  that  by 
proper  treatment  the  quantity  of  pus  and  the  number  of  corpuscles  it  contains 
may  be  greatly  reduced,  and  the  abundant  discharge  of  thick  creamy  pus  is  no 
longer  regarded  as  an  essential  sign  of  health. 

The  new  gi'anulation-tissue,  formed  by  healthy  growth  without  inflam- 
mation, is  of  considerable  density  and  firmness,  being  capable  of  withstandino- 
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some  degrieo  of  mcdianical  violence  \vitli<nib  breiiking  down.  Tliis  may  be 
observed  on  any  perfectly  healthy,  grannlafcing  sore  by  striking  the  surface 
with  the  finger,  when  it  will  l)e  found  to  stand  quite  a  severe  bl(j\v  without 
rupture  of  its  vessels.  On  the  other  hand,  when  it  is  swollen  by  iafiamimitory 
exudation  a  veiy  slight  degree  of  violence  suffices  to  disintegrate  its  struc-ture. 
In  fact,  it  may  be  laid  down  as  a  rule,  that  gi'anulation-tissue  is  soft  in  direct 
proportion  to  the  amount  of  irritation,  to  which  it  is  e.vposed  ;  and  as  the  repair 
of  every  injury  accompanied  by  solution  of  contiimity,  whether  subcutaneous 
or  supei'ficial,  is  acci)m})lished  through  the  medium  of  granulation-tissue,  the 
iraportancie  of  hearing  this  in  mind  is  very  gi'eat. 

The  subsequent  development  of  granulation-tissue  into  the  fibrous  tissue  of 
the  scar  differs  in  no  respect  from  that  already  described  under  union  by  the 
first  intention.  In  union  by  the  second  intention,  however,  the  effects  of  the 
contraction  that  accomjianies  the  process  are  ])roportionately  more  marked  as 
the  quantity  and  extent  of  granulation- tissue  is  greater.  The  amount  of  the 
contraction  varies  with  the  size  of  the  sore  and  the  looseness  of  the  structures 
in  which  it  is  seated.  Thus  the  scar  left  by  a  sore  the  size  of  a  half-crown  on 
the  scrotum  might  be  little  more  than  a  quarter  of  an  inch  in  diameter,  while 
on  the  face  it  would  prohably  l)e  about  the  size  of  a  sixpence,  and  on  the  thigh, 
where  there  is  little  skin  to  spare,  it  would  be  about  the  diameter  of  a  shilling. 
The  fearful  deformity  produced  by  the  contraction  of  extensive  granulating 
.surfaces  in  the  process  of  heahng  is  best  seen  after  burns  and  scalds.  This 
process  of  contraction  is  an  essential  part  of  healing — no  mode  of  treatment 
can  prevent  it :  and  if  from  any  cause,  such  as  Avant  of  skin  or  adhesion  to 
bone,  contraction  is  not  possible,  the  sore  ceases  to  heal. 

The  skinning  over  of  the  surface  of  the  sore  with  new  epithelium  is  acc(uu- 
plished  by  means  of  multiplication  of  the  cells  at  the  margin  of  the  sore.  Xew 
epithelium  forms  fi-om  pre-existing  epithelium  only,  and  there  is  no  reason 
whatever  to  believe  that  the  granulation-cells  can  develop  into  epithelial 
Ecales. 

A  scar  when  fully  formed  is  composed  of  dense  white  fibrous  tissue,  con- 
taining few  blood-vessels  and  no  lymphatics.  It  is  very  imperfectly  supplied 
with  nerves,  and  they  may  be  entirely  wanting.  The  surface  is  smooth,  and 
■devoid  of  papihaB,  sweat-glands,  or  hair-follicles. 

In  cases  in  Avhich  a  slough  has  to  be  separated  before  repair  can  commence, 
this  is  accomphshed  by  the  process  described  under  Ulceration  (see  p.  2(iU  ). 

The  clinical  phenomena  that  attend  the  process  above  described  are  as 
follows.  Supposing  the  case  to  be  one  of  simple  loss  of  substance  produced  by 
ii  sharp  cutting  instrument,  the  raw  surface,  after  bleeding  has  ceased,  contiinies 
to  discharge  a  quantity  of  serum,  at  first  tinged  with  blood,  but  gradually 
becoming  colourless ;  at  the  same  time  a  glaze  is  seen  to  form,  due  to  the 
plastic  exudation  adhering  to  the  surface  of  the  wound.  The  healthy  skin 
around  the  wound  becomes  redder  than  natural,  the  blush  gradually  fading 
:}18  we  recede  from  the  wound.  Ihit  little  further  change  is  observed  in  the 
surface  of  the  wound  till  the  end  of  the  second  or  third  day  ;  by  this  time 
it  is  distinctly  redder  ;  by  the  third  or  fourth  day,  florid  red  s])ots  begin  tn 
fonn  here  and  there,  and  the  discharge  becomes  distinctly  purulent.  Gradually 
the  red  spots  coalesce,  and  the  surface  becomes  covered  by  the  fifth  or  sixth 
day  with  a  uniform,  highly  vascular  layer  of  flori<l-red  granulatiun-tissue. 
Unie  surface  now  is  \w  longer  smooth,  the  new  cells  being  formed  around  tlie 
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^  jiscalar  loops  in  little  heaps,  which  give  it  the  granular  appearance,  whicli 
lias  obtained  for  the  new  tissue  the  name  of  "  granulation-tissue." 

A  typically  healthy  granulating  surface  presents  the  following  characteristic 
features.  The  separate  granulations  arc  about  the  size  of  split  mustard- 
seeds  ;  they  are  uniform  in  size,  and  of  a  florid  red  colour  ;  they  will  stand 
;i  smart  blow  without  bleeding,  and,  being  devoid  of  nerves,  are  perfectly  free 
Irom  sensibility.  The  surface  of  the  sore  is  very  slightly  depressed  below  that 
<if  the  surrounding  skin.  The  base  of  the  sore  is  soft.  The  edges  shelve 
uradnally  down  into  the  surface,  and,  if  healing  is  taking  place,  the  new 
urowing  epithelium  can  be  seen  spreading  over  the  surface  of  the  granula- 
ions,  and  giving  rise  to  three  zones  of  different  colour.  Most  internally  is  a 
dark  red  line,  darker  than  the  neighbouring  granulations.  This  is  due  to 
some  slightly  increased  vascularity  beneath  the  growing  epithelium,  and  to 
the  presence  of  a  very  thin  layer  of  perfectly  transparent  new  epithelium- 
cells  covering  the  granulation-tissue.  That  tliis  is  so  can  be  shown  by  care- 
fully drying  the  surface,  and  watching  it  for  a  few  seconds  :  the  uncovered 
granulations  become  moist  again  almost  innuediately,  while  the  red  line 
remains  diy.  Outside  the  red  line  is  a  blue  line,  resulting  from  the  presence 
of  a  thicker  layer  of  epithelium,  seen  through  which  the  red  granulations 
assume  a  bluish  tint.  Outside  this  again  is  an  opaque  white  line,  in  which 
the  new  epithelium  has  been  formed  in  sufficient  quantity  to  be  opaque  when 
sodden  by  the  discharges  from  the  sore.  The  discharge  varies  with  the  mode 
of  dressmg.  If  some  slightly  irritant  lotion  or  dressing  be  applied,  thick 
creamy  pus  is  poured  out  from  the  surface  ;  if  some  ]ion-irritating  dressing 
be  ai^plied,  thin  serous  fluid  flows  away, -made  more  or  less  turbid  by  the 
presence  of  a  few  pus-cells.  A  granulating  sore  may  present  a  perfectly 
healthy  appearance  with  both  conditions  of  discharge,  but  it  will  usually  be 
found  that  the  red  line  of  new  growing  epithelium  is  much  wider  in  those 
cases  in  which  the  dressing  is  least  irritating,  as  under  other  conditions  many 
of  the  young  epithebum-cells  perish  and  mingle  with  the  pus-cells  in  the 
discbarge. 

The  constitutional  symptoms  that  attend  union  l)y  the  second  intention  \\  \\\ 
vary  much.  The  sepai'atiou  of  a  slough  will  in  all  cases  be  attended  by  some 
feljrile  disturbance  if  the  dead  tissue  be  allowed  to  putrefy  ;  by  antiseptic  treat- 
ment, however,  this  may  be  entirely  prevented,  and  union  by  the  second 
intention  may  be  accompanied  by  as  little  constitutional  disturbance  as  that 
by  the  first  intention.  In  cases  in  which  no  antiseptic  precautions  are 
observed,  the  febrile  distui'))ance  due  to  the  absorption  of  the  products  of  putre- 
faction commences  on  the  second  day  after  the  injury,  and  reaches  its  maximum 
by  the  third  or  fourth.  By  this  time  the  lymph-spaces  are  becoming  filled 
with  the  plastic  exudation  and  absorption  is  consequently  limited.  When  the 
slough  is  separated  and  the  granulating  surface  is  formed — that  is  to  say,  bv 
aT)out  the  sixth  to  the  tenth  day — the  fever  disappears  ;  as  healthy  grauula- 
tions,  being  devoid  of  lymphatics,  form  a  bari'ier  to  the  absorption  of  septic 
matter  unless  it  is  ])ent  up  in  contact  with  them  at  some  degree  of  pressure. 

The  changes  taking  place  in  a  (cicatrix,  do  not  cease  with  its  formation.  lu 
most  cases  the  contraction  of  the  scar  does  not  attain  its  maximum  until  lono- 
after  tlie  completion  of  su[)erficial  cicatrization,  and  this  may  occasion  o-reat 
puckering  and  deformity.  The  amount  of  contraction  of  a  scar  is  dependent 
solely  on  the  size  of  the  original  raw  surface  and  on  the  laxity  df  the 
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tissue  in  wliich  it  is  seatotl.  Tliero  is  not  an  atom  of  e\'i(leiico  to  justify  tlio 
assertion  so  commonly  made  tliat  the  scars  resulting  from  sores  pi'oduced  by 
acid  caustics  and  burns  contract  more  than  those  following  the  action  of 
alkaline  caustics  or  superficial  wounds,  A  circular  scar  round  a  tubular  organ 
or  excretory  duct,  as  in  the  intestine,  a'sophagus,  or  urethra  leads  to  narrowing 
or  stricture  of  the  canal,  and  many  of  the  Avorst  a-sophageal  sti-icLures  result 
from  the  accidental  swallowing  of  caustic  alkaline  fluids.  These  sti'ictures  in 
most  cases  gradually  become  narrower  as  time  goes  on,  the  process  of  con- 
traction continuing  long  after  the  sore  has  healed. 

Further  changes  are  wrought  by  time  in  the  texture  of  a  cicatrix.  In  the 
first  place,  its  tissue  assimilates  more  and  more  to  the  normal  structure  of  the 
part.  AVhen  a  scar  is  first  formed,  it  is  thin,  reddish,  or  bluish  and  shining, 
being  composed  of  imperfectly  developed  fibrous  tissue,  covei'ed  by  a  thin 
epidermic  layer.  As  it  becomes  older,  it  assumes  a  dead-white  colour,  and 
becomes  depressed,  and  gradually,  but  slowly,  many  years  being  perhaps 
required  for  the  change,  it  "  wears  out ;  "  that  is  to  say,  its  structure  more 
closely  resembles  that  of  the  texture  of  the  part  in  which  it  is  seated.  It 
never,  however,  becomes  developed  into  true  skin,  as  neither  sebaceous  nor 
sudoriparous  glands  nor  hair  form  in  it. 

Coincidently  with  these  changes,  the  scar  loosens  its  deep  attachments,  so 
that  it  can  be  moved  more  freely  upon  subjacent  parts.  It  is  a  long  time 
before  the  scar  attains  the  natality  of  the  older  structures,  if  ever  it  do  so  com- 
pletely ;  and  the  larger  it  is,  the  less  its  power  will  usually  be.  Under  the 
influence  of  scurvy  or  syphilis,  an  old  scar  is  apt  to  open  up  again  ;  so  also,  if 
a  fresh  ulcer  be  formed  on  the  old  cicatrix,  it  will  take  a  longer  time  to  heal 
than  the  original  one. 

5.  Union  by  Secondary  Adhesion. — It  not  unfrequently  happens  that, 
although  granulations  spring  up  over  the  sides  of  a  wound,  union  between  the 
opposed  surfaces  does  not  take  place.  We  endeavour  to  accomphsh  this  by 
bringing  the  granulating  sides  together,  and  retaining  them  in  that  position, 
when  they  will  cohere  ;  this  constitutes  union  by  "  Sbcondary  Adhesion.''''  In 
some  amputations,  and  in  many  plastic  operations,  cases  of  hare-hp,  cleft- 
palate,  &,c.,  union  is  occasionally  brought  about  in  this  manner. 

The  conditions  necessary  for  this  mode  of  union  are,  1st,  that  the  granulat- 
ing surfaces  shall  be  perfectly  healthy  ;  2nd,  that  they  shall  be  smooth,  so  that 
they  can  be  brought  evenly  into  apposition  without  leaving  cavities  between 
them  in  which  pus  may  accumulate  ;  and  3rd,  that  after  they  are  brought 
together  they  shall  be  kept  at  perfect  rest. 

Circumstances  Affecting  the  Healing  Process. — In  concluding  this  general 
description  of  the  jn-ocess  of  union  of  wounds,  it  will,  perhaps,  be  well  to  recall 
brieflv  some  of  the  conditions  essential  to  rapid  and  certain  healing.  In 
the  first  place,  two  conditions  are  absolutely  essential,  perfect  rest  and  perfect 
drainao-e.  No  wotmd  can  possibly  heal  by  the  first  intention  if  its  surfaces 
are  frequently  ndjbed  against  each  other,  either  by  the  movemeuts  of  the 
injured  part  or  by  the  clumsiness  of  the  Surgeon  in  changing  the  dressings  ; 
nor  can  early  union  possibly  occur  if  the  surfaces  are  separated  from  each 
other  by  pent-up  serous  discharge.  The  third  great  source  of  irritation  to 
which  wounds  are  exposed,  is  the  presence  of  decomposing  matter  between 
their  surfaces.  In  order  that  this  should  occur  it  is  hardly  necessary  to  say 
that  there  must  be  some  dead  matter  there  to  decompose ;  living  tissues  do 
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iiot  putrefy,  and  rtmoagsfc  living  tissues  must  be  reckoned  the  plastic  exudation 
that  glazes  a  wound,  and  forms  the  preliminary  bond  of  union.  On  the  other 
liand  the  serous  discharge  which  is  poured  out  in  the  first  twenty-four  hours 
is  decomposable.  A  perfectly-drained  wound  with  no  foreign  body  in  it 
contains  practically  nothing  capable  of  decomposing,  and  if  we  could  always 
guarantee  that  a  wound  should  be  in  this  state,  no  antiseptic  treatment  would 
I'ver  be  necessary.  Unfortunately  this  is  not  the  case  ;  and,  therefore,  some 
lorm  of  antiseptic  treatment  undoubtedly  gives  an  additional  certainty  in  the 
treatment  of  wounds,  more  especially  those  with  cavities  such  as  compound 
tractures. 

Lastly,  union  may  be  prevented  by  the  introduction  of  the  specific  poison  of 
some  infective,  spreading  inflammation,  as  in  some  forms  of  septictemia,  in 
erysipelas  or  hospital  gangrene.  That  these  poisons  are  generated  in  filth, 
;ind  are  destroyed  by  antiseptics,  may  be  considered  as  beyond  a  doubt ; 
and  this  forms  an  additional  reason  for  the  habitual  employment  of  these 
agents.  The  use  of  antiseptics  cannot  make  any  wound  do  better  than  heal 
by  first  intention,  a  result  obtained  with  great  frequency  in  all  well-drained 
wounds  kept  at  perfect  rest  in  healthy  subjects  ;  but  it  can,  and  does  prevent 
the  evil  consequences  that  may  result  from  some  accidental  failure  in  drain- 
age, and  thus  has  tended  greatly  to  improve  the  average  results  of  the 
treatment  of  wounds.  There  are  other  circumstances  apart  from  the  local 
conditions  with  which  we  have  hitherto  dealt,  that  are  not  without  influence 
on  the  processes  of  repair  in  wounds  :  the  age,  temperament,  previous  state  of 
health  and  constitution  of  the  patient,  his  occupation  and  usual  mode  of  life, 
the  situation  in  which  he  is  placed  after  the  receipt  of  the  injury,  and  many 
other  matters,  must  all  more  or  less  affect  the  result.  The.  scrofulous  or 
scorbutic  diathesis,  or  the  presence  of  amyloid  degeneration  of  the  liver,  or 
disease  of  the  kidneys,  &c.,  must  always  militate  against  rapidity  and  perfection 
of  cure.  Habits  of  intemperance  and  over-indulgence,  privation,  exposure, 
bad  sanitary  and  hygienic  conditions,  are  all  alike  antagonistic  to  reparative 
action.  These  are  points  to  which  the  Surgeon's  attention  must  be  directed, 
with  the  view  of  counteracting  them  as  far  as  lies  in  his  power  by  appropriate 
precautions  and  treatment. 
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CONSTITUTIONAL  EFFECTS  OF  INJURY. 

An  injury  to  any  part  of  the  body,  in  whatever  way  inflicted,  is  necessarily 
the  direct  cause  of  local  efPects  of  a  more  or  less  serious  character.  But 
besides,  as  the  consequence  of  these,  it  occasions  constitutional  phenomena. 

The  Constitutional  Phenomena  resulting  from  injury  are  of  two  kinds — 
Immediate  and  Remote. 

The  more  immediate  Constitutional  effects  of  injury  consist  of  Shock,  fol- 
lowed by  Traumatic  Fever  and  Delirium.  These  we  shall  first  consider.  The 
more  Eemote  Constitutional  conditions  are  of  two  kinds — those  affecting  the 
Nervous  System,  as  Tetanus  ;  and  those  infecting  the  blood  through  the 
medium  of  the  wound,  as  Pysemia,  Septicaemia,  &c.  These  will  be  treated  of 
subsequently. 

The  effect  of  an  injmy  will  be  gTeatly  modified,  according  to  the  condition 
of  the  patient  at  the  time  of  its  receipt,  and  the  circumstances  in  which  he  is 
placed  afterwards.  The  remarks  made  at  page  5,  in  reference  to  the  condi- 
tions that  influence  the  results  of  operations,  are  equally  applicable  to  those 
forms  of  surgical  injury  that  are  the  result  of  accident,  and  not  inflicted  by 
the  Surgeon's  knife  :  and  to  these  I  would  refer  the  reader. 

SHOCK. 

The  term  shock  is  somewhat  loosely  appUed  to  any  disturbance  of  the 
functions  of  the  nervous  system  immediately  following  severe  injuries  not 
necessarily  involving  the  nervous  centres  themselves. 

Three  chief  forms  are  met  with  which  may  be  described  as  :  1.  Shock  with 
marked  cardiac  inhibition.  2.  Shock  with  general  exhaustion  of  the  nervous 
centres,  or,  as  it  has  been  termed,  torpid  shock  ;  and  o.  Sliock  with  excitement, 
or  erethitic  shock. 

1.  Shock  with  marked  Cardiac  Inhihition. — In  tliis  form  the  dis- 
turbance of  the  action  of  the  heart  is  the  chiel'  or  only  sym]-»tom.  At  the 
moment  of  injury  the  beats  of  the  heart  become  slowei-  and  less  forcible  than 
natural,  and  in  extreme  cases  may  be  altogether  arrested.  It  may  happen  that  j 
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the  arrest  is  final,  and  sudden  death  results,  though  this  rarely,  if  ever, 
occurs,  unless  the  heart  have  been  previously  diseased.  Under  ordinary  cir- 
cumstances the  short  period  of  inhibition  is  followed  by  a  few  more  forcible 
and  rapid  beats,  after  which  the  normal  performance  of  function  returns.  The 
patient  is  conscious  of  a  momentaiy  confusion  and  giddiness,  there  is  marked 
pallor,  and  a  catch  in  the  breath,  followed  by  a  brief  period  of  tumultuous 
action  of  the  heart  ;  or,  if  the  shock  be  more  severe,  he  may  faint,  owing  to 
the  deficient  supply  of  blood  to  the  brain  during  the  period  of  cardiac 
inhibition. 

Experimental  physiology  has  taught  us  that  the  phenomena  above  described 
may  be  brought  about  by  stimulation  of  the  vagus.  If  that  nerve  be  exposed 
in  an  animal,  and  stimulated  by  an  electric  current  of  moderate  strength,  the 
heart  ceases  to  beat,  and  remains  with  all  its  cavities  fiaccid,  as  long  as  the 
stimulation  is  continued.  If  the  current  be  very  feeble,  the  action  of  the  heart 
will  recommence  after  a  short  interval,  even  if  the  passage  of  the  current  be 
continued  ;  if  very  powerful,  the  inhibition  will  continue  after  the  current  has 
been  removed.  A  current  of  sulRcient  strength  may  permanently  arrest  the 
heart's  action.  Experiments  on  animals  have  also  shown  us  that  these  effects 
may  be  brought  about  by  i-efiex  action  as  well  as  by  direct  stimulation  of  the 
vagus.  Thus  when  a  ft-og's  foot  is  suddenly  crushed,  the  heart  ceases  to  beat 
for  a  moment,  after  which  it  acts  for  a  short  time  more  forcibly  than  before. 
This  reflex  inhibition  is  still  more  marked  if  the  terminal  branches  of  the 
vagus  be  directly  stimulated.  In  dogs  and  rabbits  sudden  death  has  been 
fi'equently  observed  to  take  place  as  a  consequence  of  injury  done  to  the  larynx 
or  trachea  during  an  experiment. 

These  observations  may  be  applied  directly  to  man  with  the  addition  that 
in  the  human  subject  mental  emotions  frequently  form  the  afferent  impulse 
in  reflex  inhibition.  Sudden  death  from  shock  has  been  recorded  as  the 
result  of  slight  blows  on  the  epigastrium,  or  drinking  ice-cold  water,  in  both 
of  which  cases  a  sudden  stimulus  is  applied  to  the  terminal  branches  of  the 
pneumogastric  nerve  ;  and  some  forms  of  sudden  death  under  chloroform 
have  been  supposed  to  be  due  to  reflex  inhibition  of  the  heart  fi-om  the 
stimulation  of  the  nerves  of  the  trachea  by  too  strong  a  dose  of  the 
Hutesthetic. 

2.  Shock  with.  General  Exhaustion  of  the  ITervous  Centres,  Collapse 
:or  Torpid  Shock,  is  the  form  which  is  commonly  met  with  after  severe 
injuries  and  surgical  operations.  No  doubt  at  the  moment  of  infliction  of  the 
injury  cardiac  inhibition  takes  place  in  the  manner  just  described,  but  this  is 
not  sufficient  to  explain  all  the  phenomena  of  shock  as  usually  met  with 
in  surgical  practice.    In  fact,  in  extreme  shock,  the  cardio-inhibitory  centre 

■  seems  to  be  itself  exhausted,  and  the  pulse,  though  extremely  feeble,  is  more 

■  rapid  than  natural. 

Symptoms. — The  symptoms  of  shock  necessarily  vary  according  to  the 
!■  severity  of  the  injury,  the  importance  of  the  part  injiu-ed,  and  the  nervous 
y  susceptibility  of  the  sufferer. 

When  the  injury  is  not  very  severe,  does  not  implicate  important  parts, 
or  occurs  in  an  individual  of  strong  nerve,  the  symptoms  are  slight  and 
passing. 

But  if  the  injury  be  very  severe,  if  it  affect  a  vital  part,  or  if  the  sufferer 
be  of  unduly  nervous  susceptibihty,  the  phenomena  are  much  more  marked. 
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In  such  cases,  the  sufferer  becomes  pale,  cold,  faint,  and  tremblinf( ;  the  , 
pulse  is  small  and  fluttering  ;  the  respiration  is  shallow  and  feeble  ;  there  is 
great  mental  depression,  the  disturl)ed  state  of  mind  revealing  itself  in  tlw 
countenance,  and  in  feebleness  or  incoherence  of  s])eech  and  thought  ;  tlie 
surface  becomes  covered  with  a  cold  sweat;  there  is  nausea,  and  perhaps 
relaxation  of  the  sphincters.    In  severe  shock,  the  temperature  commonly  falls  Jii 
to  about  97°  Fahr,  in  the  adult.    In  the  young,  tlie  fall  is  less  ;  in  the  t|  ' 
aged,  it  is  greater.    J  have  several  times  found  it  below  9;')°  Fahr.  in  tin- 
mouth  and  the  axilla.     AVagstatfe  has  met  with  cases  in  which  recoveiy 
followed  a  fall  of  temperature  amounting  to  four  degi'ees.    In  fatal  cases  thcii- 
may  be  a  fall  of  as  much  as  six  degrees.    These  symptoms  commonly  set  in 
immediately  on  the  receipt  of  the  injury.    In  some  cases,  however,  there  is  an 
appreciable  interval  of  time  between  the  infliction  of  the  injury  and  the  a]i- 
pearance  of  the  shock  :  this  is  more  particularly  the  case  in  persons  of  great 
mental  fortitude,  or  whose  minds  are  actively  engaged  at  the  moment  of  the 
receipt  of  an  injury.  j 
The  condition  of  shock  may  gradually  become  more  intense,  the  pulse  Ijb-  \ 
coming  more  and  more  feeble,  the  respiration  more  shallow,  and  the  con-  i 
sciousness  more  impaired,  till  death  takes  place.    Fortunately,  however,  i 
this  termination  is  comparatively  unfrequent,  and  occurs  only  in  the  severest 
injuries.    As  a  rule,  after  a  longer  or  shorter  period,  varying  with  the  severity 
and  seat  of  the  injury,  and  the  nervous  susceptibihty  of  the  patient,  the 
symptoms  abate  and  reaction  sets  in.    The  surface  becomes  warmer,  the  pulse 
more  forcible,  the  respiration  fuller,  consciousness  becomes  more  perfect, 
and  colour  returns  to  the  face.  Vomiting  is  not  an  uncommon  symptom  during 
the  early  periods  of  reaction,  and  is  probably  due  to  some  degree  of  hyperemia 
of  the  brain  following  the  cerebral  anaemia  which  forms  a  prominent  feature 
of  extreme  shock.    It  is  not  uncommon  to  flnd  the  temperature  very  slightly 
elevated  during  the  period  of  reaction. 

The  recovery  from  shock  is  usually  complete.  In  cases,  however,  in  which 
it  has  arisen  from  violent  concussion  of  the  whole  system,  as  in  a  railway 
accident,  various  secondary  phenomena  may  present  themselves.  These  are 
probably  due  to  actual  lesion  of  the  nervous  centres,  and  are  fully  described 
in  the  Chapter  on  Injuries  of  the  Spine. 

Pathology  of  Shock.— There  arc  no  characteristic  post  mortem  appear- 
ances after  death  fi'om  shock.    The  heart,  rarely  contracted,  is  more  often 
found  full  of  blood,  especially  the  right  auricle  and  ventricle,  and  the  whole 
venous  system  is  somewhat  gorged,  unless  the  jiatient  has  lost  much  blood 
from  the  accident.    Tlie  blood  was  said  by  Hunter  to  remain  fluid  in  some| 
cases  of  death  from  shock,  but  this  is  certainly  of  very  rare  occurrence.  Kigor' 
mortis  is  usually  well  marked.    The  lungs  are  engorged,  tlie  abdominal  viscera  t 
congested,  but  the  brain  is  i«ile  and  auEemic. 

It  is  evident  that  the  symptoms  above  described  are  more  than  can  he' 
accounted  for  by  any  simple  theory  of  cardiac  inhibition.  The  most  probablci 
explanation  of  shock  is  that  it  is  due  to  a  general  exhaustion  of  the  ncrvous^ 
centres  consequent  upon  an  extremely  violent  afferent  impulse.  In  cases  of  i 
injury  this  impulse  is  partly  physical,  due  to  the  division  or  crushing  of  tho| 
nerves  of  the  injured  j^art,  and  partly  mental,  arising  from  the  fear  and  seuBei 
of  suffering  caused  by  the  accident.  In  operations  ]ierformed  under  the  influ-'. 
ence  of  an  auassthetic,  the  latter  cause  M  ould  be  absent  ;  but  as  the  conduc- 
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rivifcyof  the  nerves  and  the  functional  activity  of  the  medulla  and  gi-eat 
centres  at  the  base  of  the  brain  are  unimpaired  during  anfesthesia,  shock  is 
not  avoided,  though  it  is  certainly  diminished  in  intensity.  The  exhaustion 
t  if  the  nervous  centres  thus  induced  is  shown  by  the  general  state  of  muscular 
i  i'laxation,  the  loss  of  tone  throughout  the  vascular  system,  the  feeble  action 
of  the  heart,  and  the  state  of  semi-unconsciousness  into  which  the  patient  is 
Hirown.  The  general  relaxation  of  the  vessels  throughout  the  body  thus 
occmTiug  simultaneously  with  an  extremely  feeble  action  of  the  heart,  leads  to 
.in  accumulation  of  blood,  with  partial  stagnation  in  those  parts  of  the 
Tascular  system  which  are  most 'dilatable.  This  is  es]iecially  marked  in  the 
\  eins  of  the  abdominal  ca\'ity.  The  lungs  are  also  frequently  gorged  mtli 
blood.  The  abstraction  of  so  large  a  portion  of  the  blood  from  the  circulation 
<'auses  ansemia  of  other  parts,  and  it  is  thus  that  the  pallor  of  the  skin  and 
tlie  angemia  of  the  brain  may  be  explained.  Tt  has  been  assumed  that  the 
vaso-motor  paralysis  is  most  marked  in,  or  even  limited  to  the  parts  supplied  by 
the  splanchnic  nerves,  but  there  seems  nothing  to  justify  such  an  assmnption. 
(reneral  vaso-motor  paresis  combined  with  feeble  action  of  the  heart  would 
necessarily  cause  accumulation  of  blood  in  the  large  veins  of  the  abdominal 
viscera,  and  probably  also  in  those  of  the  flaccid  muscles.  The  wide  diffusion 
'  if  the  exliausting  effects  of  an  intense  afferent  impulse  is  also  in  accordance 
\\  ith  the  results  of  experiment.  A  very  feeble  stimulus  applied  to  a  nervous 
(■entre  acts  on  that  centre  only,  but  more  powerful  stimulation  is  always  found 
to  diffuse  itself  widely  to  neighbouring  parts.  Thus,  if  a  cortical  motor 
rentre  in  the  brain  be  exposed  and  stimulated  by  a  very  feeble  electric  current, 
movement  is  produced  in  the  limited  group  of  muscles  corresponding  to  that 
centre.  A  stronger  current  causes  a  general  convulsion  affecting  the  whole 
body. 

The  anaemia  of  the  nervous  centres  produced  as  above  described,  aggravates 
the  shock  and  delays  the  recovery  of  the  exhausted  centres.  In  fatal  cases,  it 
is  probably  the  immediate  cause  of  death.  It  is  necessarily  increased  by  loss 
of  blood. 

Causes. — The  most  serious  forms  of  shock  are  those  that  arise  fi'om  gun- 
>hot-wounds  and  railway-collisions.  The  severe  and  deeply  penetrating 
character  of  the  injuries  in  the  one  case,  and  the  suddenness  of  their  occur- 
rence, ^\dth  the  terror  inspired  by  them,  in  the  other,  explain  the  severity  of 
tlieir  effects  on  the  nervous  system  of  the  sufferer.  Shock  is  partly  due  to 
mental,  partly  to  purely  physical  causes.  Its  severity  and  continuance  are 
thus  materially  influenced  by  the  moral  condition  of  the  patient,  and  by  the 
degree  and  nature  of  his  injury. 

In  persona  of  a  very  timid  character,  or  of  great  nervous  susceptibility — 
those  who  are  liable  to  the  occurrence  of  synco]5e — -more  especially  in 
females,  a  very  trivial  injury  may  produce  an  extreme  degree  of  shock : 
indeed,  the  mere  apprehension  of  injury  may,  without  the  occmTence 
of  any  physical  lesion,  give  rise  to  aQ  the  phenomena  of  shock  in  its  most 
intense  degree.  People  have  been  actually  frightened  to  death,  without  any 
injury  having  been  inflicted  upon  them.  The  state  of  mind  at  the  time  of 
the  receipt  of  the  injury,  influences  materially  its  effects  on  the  nervous 
system.  If  the  patient  be  anxiously  watching  for  the  infliction  of  a  wound, 
as  waiting  for  the  first  incision  in  a  surgical  operation,  all  the  attention  is 
concentrated  upon  the  coming  pain  ;  it  is  severely  felt,  and  the  consequent 
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shoolc  to  the  system  is  great.  If,  on  the  other  hand,  the  attention  l.i 
diverted— if,  as  in  thc'  hour  of  battle,  tlie  feelings  he  roused  to  the  higlj(  st 
pitch,  and  the  mind  in  a  state  of  intense  excitement — a  severe  injury  may  Ik 
inflicted,  and  the  ])atient  may  be  entirely  unconscious  of  it,  feeling  no  jiiiin, 
and  experiencing  no  shock,  perhaps  not  knowing  that  he  is  wounded  till  Ix 
sees  his  own  blood.  The  sevei'ity  of  sliock  is  iu  agi-eat  measure  proportioniih 
to  the  degree  of  pain  attendant  upon  an  injury.  And,  as  sensibihty  to  puin 
varies  greatly  in  different  individuals,  so  will  the  attendant  shock  begreaioi- 
in  some  than  in  others.  The  sensibility  of  difi'erent  individuals  varies  mucli, 
and  is  greatly  dependent  on  occupation,  sex,  and  temperament.  Men  who 
live  hardy  out-door  lives  are  less  sensitive  to  pain  than  those  who  follow 
occupations  of  an  opposite  kind.  The  higher  man  rises  in  the  scale  of  civili- 
sation, the  n:ore  acute  does  his  sensibility  to  pain  appear  to  become,  or 
possibly  the  less  well  able  is  he  to  bear  it.  A  savage  ]3robab]y  suffers  k-ss 
than  a  civilised  man  from  any  given  injm-y,  and  hence  may  display  more 
fortitude.  An  hysterical  woman  probably  does  not  suffer  more  than  one  with 
a  more  healthy  nervous  system,  but  she  complains  more  loudly,  for  she  has  her 
feeHngs  in  all  things  less  under  control.  Race  appears  to  exercise  an  influ- 
ence on  pain  ;  some  of  tlie  native  races  of  India  appear  to  suffer  far  less  than 
Europeans  under  sui'gical  operations  of  a  similar  kind.  But  there  are  other 
conditions  besides  pain  that  influence  the  severity  of  shock. 

The  sudden  occurrence  of  a  severe  injmy  will,  howe^'er,  cause  a  jyliyskal 
impression  independently  of  any  mental  emotion  or  moral  influence.  The 
severity  and  continuance  of  the  shock  are  usually  proportionate  to  the 
gravity  of  the  injury,  either  from  its  extent  or  from  the  importance  of  the 
l)art  wounded.  Thus,  if  the  whole  of  a  limb  be  torn  away  by  a  camion-shot, 
or  crushed  by  a  raihvay  train,  the  shock  will  be  severe  from  the  extent  of  the 
mutHation,  though  the  part  injm'ed  be  not  immediately  necessary  to  life : 
whilst,  on  the  other  hand,  if  a  man  be  shot  by  a  pistol -bidlet  thi'ough  the 
abdomen,  though  the  extent  of  the  injury  be  trifling,  and  merely  a  few  drops 
of  blood  escape,  yet  the  shock  to  the  system  will  be  severe,  owing  to  the 
importance  in  the  economy  of  the  part  injured.  The  Surgeon  not  unfre- 
quently  employs  this  fact  as  an  accessory  means  of  diagnosis.  Thus,  if  a  man 
break  his  leg,  and  at  the  same  time  strike  his  abdomen,  and  the  shock  be  \  ery 
serious  and  long-continued,  without  sign  of  rallying,  the  i^robability  is  that 
some  severe  injury  has  been  inflicted  upon  an  internal  organ  ;  injury  of  the 
viscera  occasioning  more  severe  and  continued  shock  than  a  wound  of  a  less 
vital  part. 

l)rAG^'OSl.s. — The  diagnosis  of  shock  is  usually  easy,  but  it  is  often  difficult 
to  determine  after  a  severe  injury  or  operation  how  much  of  the  patient's  con- 
dition is  due  to  loss  of  blood  and  how  much  to  actual  shock.  Restlessness, 
deep  sighing  respiration,  a  sense  of  dys])noea,  and  a  somewhat  abundant 
perspiration,  are  signs  indicating  that  the  patient  is  suffering  to  a  gi-eat  extent 
from  loss  of  blood.  If  the  patient  is  half  unconscious  and  lies  perfectly  still, 
with  a  very  suuill  fluttering  ]udse  and  regular  shallow  respiration,  it  is  pro- 
l)a].)le  that  his  condition  is  due  chiefly  to  shock.  The  sickness  produced  by  au 
antesthetic  may  closely  resemble  shock,  but  it  soon  ends  in  actual  A  omiting, 
after  which  the  pulse  im])roves  and  the  pallor  diminishes.  During  an  opera- 
tion, however,  this  condition  often  causes  the  Surgeon  great  anxiety,  which  is 
only  relieved  by  the  commencement  of  vomiting. 
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■?,.  Shock  with  Excitement,  or  Erethitic  Shock.    Tliree  separate  con- 
ditions seem  to  have  l)eeu  described  under  this  name.    First,  a  state  of  shock 
■  not  sufficiently  severe  to  reuder  the  patient  insensible  to  severe  persistent  pam, 
as  from  an  extensive  burn  or  scald.    Under  these  circumstances  there  is  rest- 
lessness instead  of  the  perfect  quiet  of  severe  shock  under  ordmary  con- 
.  ditions.    If  the  shock  be  more  intense  the  patient  may  show  no  signs  of  pam. 
(  One  of  the  worst  sious  in  severe  burns  of  children  is  an  apparently  perfect 
t  freedom  from  pain.  ^  Secondly,  the  restlessness,  dyspnoea,  and  excitement  from 
]  profuse  heemorrhage,  combined  with  some  degree  of  shock,  has  been  described 
•  imder  the  above  name.    Lastly,  the  teiin  has  been  applied  to  cases  in  Avhich 
;  the  symptoms  of  traumatic  fever  manifest  themselves  before  the  exhaustion  of 
.  the  shock  has  passed  away.    The  ordinary  symptoms  of  fever  are  present,  and 
,  amongst  them  delirium  is  often  prominent.     The  pnlsc  increases  m  fre- 
quency as  the  febrile  symptoms  develop,  and  at  the  same  time  its  force 
;  becomes  less.    This  condition  very  commonly  terminates  in  death,  apparently 
I  from  exhaustion. 

Treatment  of  Shock.— If  the  shock  be  chiefly  mental,  the  patient  will 
usually  rally  speedily  on  being  spoken  to  in  a  kind  and  cheering  manner,  or  on 
having  some  stimulant  administered.  If  the  shock  be  more  severe,  and  he  the 
result^of  considerable  iujuiy,  the  patient  should  be  laid  in  the  recumbent 
position,  and  the  injured  part  arranged  as  comfortably  as  possible  ;  he  should 
be  wi-apped  up  in  warm  blankets,  hot  bottles  should  be  apphed  to  the  feet,  and 
fr-iction  to  the  hands  and  surface  ;  a  little  warm  tea,  wine,  or  spirits  and 
water,  may  be  administered,  provided  the  insensibility  be  not  complete  ;  if  it 
be  complete,  the  fluid  should  not  be  given,  lest  it  find  its  way  into  the  larynx. 
In  these  circumstances,  ammonia  should  be  applied  to  the  nostrils,  and  a 
stimulating  enema  administered,  or  ten  minims  of  ether  may  be  injected 
hypodermically,  and  repeated  at  intervals  of  about  ten  minutes  if  _  necessary 
until  the  patient  begins  to  rally.  AVlien  there  is  much  pain  associated  M'ith 
the  shock,  a  fe\v  drops  of  laudanum  may  advantageously  be  given,  or  a  quarter 
of  a  grain  of  morphia  administered  hypodermically.  By  such  treatment  as 
this,  the  energies  of  the  nervous  system  are  gradually  restored. 

Operation  during  Shock. — A  question  of  considerable  importance  fre- 
quently occurs  in  these  cases  ;  viz.,  whether  an  operation  should  be  per- 
foi-med  during  shock.  As  a  general  rule,  it  certainly  should  be  deferred 
until  reaction  comes  on,  as  the  additional  injury  inflicted  by  the  operation 
would  increase  the  depression  under  which  the  patient  is  suffering.  In 
some  cases,  however,  the  presence  of  a  crushed  limb  appears  to  prolong  the 
shock,  and  to  prevent  the  patient  fi-om  rallying,  notwithstanding  the  admi- 
nistration of  stimulants.  In  these  circumstances  the  Surgeon  would  be  justified 
in  operating  before  reaction  came  on.  Here  the  administration  of  ether  is 
extremely  beneficial :  it  exercises  a  sustaining  influence,  not  only  by  acting  as 
a  stimulant  to  the  nervous  system,  but  by  preventing  the  pain  and  dread  of 
the  operation  from  still  fm-ther  depressing  the  vital  energies.  In  these  cases 
of  long-continued  shock,  gi-eat  care  is  required  in  ascertaining  that  there  is  no 
internal  injury,  such  as  laceration  of  one  of  the  viscera,  giving  rise  to  the 
depression,  but  that  the  shock  is  really  and  solely  dependent  upon  the  mangled 
state  of  the  limb. 

Prevention  of  Shock. — In  cases  in  which  an  operation  is  likely  to  be 
accompanied  by  much  shock,  needless  exposure  of  the  body  to  cold  must  be 
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carefully  avoided,  and  great  care  taken  to  limit  the  loss  of  blood  by  the  use  ol' 
})ressnre-forceps  applied  to  each  vessel  as  it  is  divided.  Ether  should  be  used 
in  preference  to  any  other  ansBsthctic,  and  must  be  given  so  as  to  produce 
co]nplete  antesthesia.  Experiments  on  animals  ha\e  showni  that  after  the  in- 
jection of  a  very  small  dose  of  atropin  beneath  the  skin,  it  is  impossible  to 
inhibit  the  heart  by  stimulating  the  vagus.  It  has  therefore  been  suggested 
that  shock  might  be  prevented  in  the  human  subject  in  this  way.  We  cannot, 
however,  expect  nnich  from  this  treatment,  for  ijihibition  of  the  heart  by  the 
pneumogastric  probably  forms  but  a  small  element  in  most  cases  of  shock  as  it 
is  met  with  in  actual  practice. 

TRAUMATIC  FEVER. 

The  term  Traumatic  Fever  has  l^een  somewhat  loosely  applied  to  any 
febrile  disturbance  which  follows  a  wound  or  severe  injury  Avithin  the  first  week 
or  ten  days  after  its  infliction.  The  exact  nature  and  causes  of  this  febrile  dis- 
turbance have  occupied  the  attention  of  numerous  observers,  amongst  whom 
may  be  mentioned  Billroth,  Bergmann,  Volkmann,  and  Lucas-Championniere. 
Their  investigations  have  shown  that  a  clear  distinction  must  be  made  be- 
tween the  fever  occurring  in  subcutaneous  injuries,  or  in  wounds  following 
a  perfectly  aseptic  course,  and  that  occuiTiug  as  a  consequence  of  the 
absorption  of  the  products  of  putrefaction  from  a  septic  wound.  The  term 
"  traumatic  "  may  conveniently  be  retained  to  indicate  the  fact  that  the  fever 
is  directly  or  indirectly  the  result  of  an  injury,  and  we  may  then  speak  of 
Aseptic  or  Simple  Traumatic  Fever,  and  Septic  Traumatic  Fever.  The  fever 
that  accompanies  the  invasion  of  a  true  infective  process,  either  general  or 
local,  as  in  pyemia  or  erysipelas,  has  never  been  included  under  traumatic 
fever. 

Aseptic  Traumatic  Fever,  or,  as  it  has  been  called,  "  reactionary  fever,'''' 
commences  as  soon  as  the  symptoms  of  shock  disappear.  As  the  patient 
rallies  the  thermometer  rises  from  the  subnormal  point  to  which  it  had  fallen, 
passes  the  normal  and  gradually  rises  from  one  to  two  degrees  above  it.  In  the 
majority  of  cases  it  reaches  its  highest  point  on  the  second  day,  and  falls  again 
to  noimal  by  the  end  of  the  third  or  fourth  day,  but  it  may  be  prolonged  to  the 
sixth  or  seventh.  The  highest  point  is  seldom  above  101°  F.  The  constitutional 
disturbance  is  slight,  the  patient  himself  often  being  unconscious  of  any 
feeling  of  illness.  In  the  case  of  an  open  wound,  if  decomposition  of  the 
discharges  occurs,  the  simple  traumatic  fever  is  more  or  less  masked  by  the 
septic  fever  which  commences  on  the  second  or  third  day,  and  consequently  it 
is  best  studied  in  simple  fractures  and  other  subcutaneous  injuries.  Some  im- 
portant observations  illustrating  the  course  of  simple  traumatic  fever  have 
been  made  by  Victor  Horsley  in  cases  of  sim])le  fractures  of  the  larger  bones 
of  the  limbs.  In  IGS  such  cases  he  found  a  distinct  febrile  disturbance  in  01 
per  cent.  In  most  a  rapid  rise  occurred  in  the  first  few  hours  after  the  injury, 
the  thermometer  reaching  09-5°  F.  to  100°  F.  The  rise  then  continued  more 
slowly,  the  maximum — vaiying  from  100°  F.  to  101"  F.— being  reached  in 
from  twenty-four  to  forty-eight  hours.  The  temperature  in  most  cases  then 
gradually  fell,  reaching  the  nonual  point  before  the  end  of  the  seA-enth  day. 

The  exact  cause  of  this  febrile  disturbance  is  not  yet  distinctly  known. 
Lucas-Championniere  is  of  opinion  that  we  must  look  for  it  in  the  nerrotis 
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system,  while  Bergmaun  and  others  beheve  it  to  be  due  to  the  local  develop- 
ment of  some  substance  possessing  pyrogenic  properties  which  is  taken  up 
from  the  injured  part  either  by  the  blood-vessels  or  lymphatics.  (See  also 
p.  183.) 

That  a  febrile  disturbance  may  be  of  purely  nervous  origin  seems  probable 
when  we  consider  that  which  follows  concussion  of  the  brain,  when  there  is 
no  reason  to  suspect  auy  actual  laceration,  that  is  to  say,  when  the  insensibility 
is  of  short  duration  and  the  recovery  complete.  In  such  cases  it  will  usually  be 
found  that  the  thermometer  rises  to  about  10U°  F.,  and  falls  again  to  the  normal 
point  within  twenty-four  or  forty-eight  hours  of  the  injury.  There  is,  how- 
ever, no  evidence  to  show  that  a  prolonged  febrile  disturbance  can  be  induced 
by  such  stimulation  of  the  sensory  nerves  as  occurs  in  a  wound  or  other 
injury.  On  the  other  hand,  we  know  that  severe  pain  tends  to  lower,  not  to 
elevate,  the  temperature. 

It  seems  much  more  probable  that  in  the  vast  majority  of  cases,  at  least, 
simple  traumatic  fever  is  produced  by  aljsorption  of  some  pyrogenic  substance 
fi-om  the  injured  area,  and  we  have  abundant  e\idence  that  such  substances  are 
formed.    It  has  been  shown  experimentally  by  Billroth  and  others  that  the 
fresh  aseptic  serous  discharge  from  a  recent  wound  if  injected  into  the  sub- 
cutaneous tissue  or  into  the  vessels  of  an  animal  causes  febrile  disturbance. 
Kohler,  Edelberg,  Bergmaun,  and  others,  have  also  shown  that  the  expressed 
serum  from  a  fresh  blood-clot  possesses  powerful  pyi-ogenic  properties  which 
they  attribute  to  the  blood-ferment,  which  it  always  contains  in  considerable 
quantities  in  a  free  state.    If  the  fennent  be  injected  in  large  quantity,  other 
.symptoms  are  developed  resembhug  septicasmia,  and  often  associated  with 
coagulation  of  blood  in  the  heart,  or  cardiac  thrombosis.    Clinical  experience 
seems  to  confirm  this  view.    Large  subcutaneous  extravasations  of  blood  are 
usually  accompanied  by  very  marked  febrile  disturbance,  and  the  same  has 
been  observed  in  the  transfusion  of  defibrinated  blood.    In  a  large  wound  if 
the  drainage  is  imperfect  and  an  accumulation  of  aseptic  serous  discharge 
takes  place,  very  distinct  elevation  of  temperature  is  the  common  result.  It 
is  very  possible  that  the  application  of  strong  antiseptic  fluids  to  the  raw 
surface  of  a  wound  by  increasing  the  exudation  during  the  first  few  hours 
may  shghtly  add  to  the  fever  in  some  cases,  and  want  of  rest  or  the  accumu- 
lation of  blood-clot  in  the  cavity  of  a  wound  may  produce  a  similar  effect. 

Septic  Traumatic  Fever  is  due  to  the  absorption  of  the  chemical  products 
of  putrefaction  from  the  surface  of  a  wound.    Until  granulations,  which  offer 
an  efficient  barrier  to  the  passage  of  septic  matter,  have  sprung  up,  the  raw 
surface  left  by  a  wound  absorbs  it  with  the  greatest  readiness.    It  has  been 
shown  by  experiment  that  salts,  such  as  ferrocyanide  of  potassium,  are  taken 
up  with  great  rapidity,  and  can  be  detected  in  the  urine  within  a  very  short 
time  after  their  application  to  a  raw  surface  ;  the  rapidity  of  absorption  is 
scarcely  if  at  all  less  from  a  surface  which  has  been  cauterized  with  a  hot  iron, 
but  the  application  of  a  strong  solution  of  chlonde  of  zinc  materially  retards, 
or  even  prevents  the  entrance  of  the  salts  into  the  circulation.    The  presence  of 
septic  matter  in  a  wound,  in  addition  to  the  constitutional  disturbance  it  directly 
gives  rise  to,  alwiiys  causes  more  or  less  local  inflammation,  the  products  of 
which  no  doubt  aid  in  setting  up  the  fever.    The  severity  of  septic  traumatic 
fever  is  proportioual  to  the  dose  of  the  chemical  products  of  putrefaction  which 
enters  the  circulation  ;  consequently  it  will  vary  directly  with  the  amount  of 
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septic  matter  present  and  the  size  of  tlie  wound.  If  the  deoom|)OKin<^  m<attor 
be  pent  up  at  some  deg'ree  of  pressure,  the  rapidity  of  abso]'])tion  will  be 
increased.  Should  tlie  dose  be  sufficient,  the  patient  may  die  rapidly  from  the; 
direct  toxic  elfects  of  the  chemical  products  of  putrefaction,  a  c(jnditio]i  which 
will  be  described  as  one  of  the  forms  of  septicaemia.  Hetween  this  and 
septic  traumatic  fever  the  difference  is  only  one  of  degree.  Guided  by  these 
facts,  the  prevention  of  septic  traumatic  feA'cr  can  in.  most  cases  be  successfully 
accomplished  :  first,  by  perfect  drainage  of  the  wound,  Ijy  which  the  amount 
of  decomposable  matter  is  reduced  to  a  minimum  ;  and  secondly,  by  the  employ- 
ment of  those  modes  of  dressing  which  will  prevent  the  decom])ositiou  of  such 
discharges  as  may  remain  in  contact  with  the  raw  surface. 

Should  septic  fever  occur  it  commences  on  the  seccmd  day,  and  reaches 
its  highest  point  by  the  third  or  fourth.  At  this  time  the  temperature  reaches 
103"  r.  or  104°  F..  or  even  higher.  It  remains  at  about  the  same  height 
with  the  usual  evening  rise  and  morning  fall  till  the  ninth  or  tenth  day,  by 
which  time  granulations  haAe  Sjirung  u]i  throughout  the  wound,  and  the 
absorption  of  septic  matter  ceases  more  or  less  completely  according  to  the 
perfection  of  the  drainage.  During  the  fever  the  pulse  is  generally  frequent 
in  proportion  to  the  temperature,  the  disturbance  of  appetite  is  gi-eat,  there  are 
often  delirium,  especially  at  night,  and  rapid  loss  of  flesh.  The  decline  of  the 
fever,  or  defervescence,  is  sometimes  rapid,  occurring  in  a  peiiod  varying  from 
twenty-four  to  thirty-six  hours  ;  but  should  the  wound  be  one  in  which  perfect 
drainage  is  difficult,  as  in  a  compound  fracture,  decomposing  pus  may  be  still 
pent  up  in  parts  of  the  cavity  at  some  degree  of  jiressure,  and  under  these  cir- 
cumstances the  decline  of  the  fever  will  be  much  delayed,  and  the  symptoms 
may  gradually  merge  into  those  of  "hectic,"  attended  by  the  marked  evening- 
exacerbations,  the  profuse  sweats,  and  progressive  loss  of  strength.     _  • 

Traumatic  Delirium  not  unfrequently  occurs  in  cases  of  severe  injury  in 
inchviduals  with  an  irritable  nervons  system,  particularly  in  those  who  have 
been  drinking  freely  before  the  accident,  or  who  were  intoxicated  at  the  time 
when  it  occurred.  It  usually  comes  on  about  the  third  or  fourth  day,  but 
sometimes  earlier  than  this  ;  and  most  commonly  declares  itself  during  the 
night.  It  is  occasionally  met  with  after  operations  in  cases  in  which  there 
has  been  a  severe  mental  strain  on  the  part  of  the  patient  previous  to  the 
operation.  In  my  exi:)erienGe  traumatic  delirium  more  frequently  follows 
removal  of  the  breast  than  any  other  operation  ;  especially  in  those  cases  in 
which  the  patient  lias  long  concealed  her  disease,  and  finally  with  great  rnental 
effort  submitted  to  the  operation.  Two  distinct  types  of  traumatic  delirium 
have  been  described,  which  are,  in  fact,  two  different  conditions,  the  one 
inflammatory,  the  other  ncrvovs. 

in  Inflammatory  Traumatic  Delirium  there  is  a  ([uick  and  bounding 
pulse,  with  hot  skin  and  head,  hushed  cheeks,  glistening  eyes,  much  thii-st. 
and  high  fever  :  in  fact,  this  form  is  merely  the  delirium  which  accompanies 
the  fever  consequent  upon  the  absorption  of  the  i)roducts  of  septic 
or  infective  inflanunation  from  the  wound.  Occasionally  the  patient  is 
violent,  tossing  himself  about  the  bed,  and  moving  the  injured  part,  insensible 
to  or  regardless  of  pain.  More  often  there  is  mere  wandering  of  mmd  :  and 
in  mild  cases  the  patient  will  unswei-  questions  rationally  if  spoken  to.  J  he 
symptoms  are  most  mai-ked  at  night,  and  diminish  when  the  mornmg  fall  of 
temperature  commences  :  they  usually  set  in  on  the  third  day,  and  are  most 
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marked  by  the  tliird  or  fourth,  which,  as  before  stated,  is  the  time  at  which 
septic  traumatic  fever  reaches  its  highest  point.  The  Treatment  of  this  form 
is  best  carried  out  by  the  apphcation  of  ice  to  the  head  ;  the  bowels  must  be 
kept  well  open,  and  the  diet  must  be  light  but  nutritious.  The  use  of  stiiuu- 
lants  must  be  determined  by  the  state  of  the  pulse  ;  when  this  is  very  ra^Did, 
alcohol  often  diminishes  the  dehrium  and  produces  sleep  ;  when  it  is  very  full 
and  bounding  and  the  patient  is  young,  bleeding  from  the  arm  may  occasion- 
ally be  resorted  to,  but  this  is  seldom  required.  The  patient  must  be  care- 
fully watched,  as  there  is  often  a  constant  desire  to  get  out  of  bed.  At  the 
same  time  that  these  measures  are  adopted,  local  means  must  not  be  neglected 
to  subdue  the  inflammation,  and  remove  any  septic  matter  or  pent-up  dis- 
charges which  may  be  giving  rise  to  the  febrile  disturbance. 

Nervous  Traumatic  Delirium  usually  occurs  in  persons  whose  consti- 
tutions have  been  broken  by  habitual  excess  in  drinking  ;  and  in  fact,  it  is  in 
most  cases,  if  not  always,  an  attack  of  ordinary  delirium  tremens,  induced  by 
the  shock  of  the  accident.  Most  commonly  the  earliest  sign  is  want  of  sleep, 
with  a  restless  nervous  manner  :  in  some  rare  cases  it  is  preceded  by  &  fit  of 
an  epileptiform  character.  The  pulse  becomes  quick,  small,  and  irritable  ; 
the  surface  is  cuul,  and  usually  covered  by  a  clammy  offensive  perspiration  ; 
in  cases  uncomplicated  by  an  open  wound  there  is  usually  no  elevation  of 
temperature  ;  should  there  be  fever,  the  gravity  of  the  case  is  greatly  increased. 
The  tongue  is  white  and  furred,  and  there  is  usually,  though  by  no  means 
always,  tremor  both  of  it  and  of  the  hands.  The  delirium  is  oi'  a  muttering, 
suspecting  character  ;  the  patient  is  often  harassed  by  spectral  ilhisions,  but 
will  answer  rationally  when  spoken  to.  Traumatic  delirium  tremens  is  some- 
times very  rapidly  fatal.  I  have  known  it  to  destroy  life  in  cases  of  sim])le 
fracture  in  less  than'  twelve  honrs.  In  other  cases,  death  takes  place 
after  some  days  from  exhaustion  ;  and  the  fatal  termination  is  occasionally 
sudden. 

In  the  Treaimcni  of  nervous  traumatic  delirium,  the  essential  points 
are  to  obtain  sleep  and  to  keep  up  the  patient's  strength.  The  foul 
tongue  and  breath  are  sufficient  indications  of  the  necessity  of  administering  a 
brisk  purgative  at  the  commencement  of  the  treatment ;  in  many  cases  no 
sedatives  will  have  any  effect  till  the  purge  has  acted.  The  motions  brought 
away  by  the  medicine  are  usually  excessively  foul.  The  best  sedatives  are 
bromide  of  potassium,  morphia,  and  hyoscyamus.  The  bromide  may  be  given 
in  twenty-grain  doses,  repeated  eveiy  two  or  three  hours.  Morphia  may  be 
given  in  quarter-grain  doses,  repeated  at  intervals  of  four  hours,  till  one  grain 
is  reached,  or  till  sleep  is  induced.  The  effect  of  the  drug  must  lie  carefully 
watched.  It  is  always  better  to  administei-  it  hypodermically  when  possible, 
as  in  some  cases  it  seems  to  be  imperfectly  absorbed  from  the  disordered 
'  stomach.  Hyoscyamus  may  be  administered  in  half -drachm  doses  of  the  tinc- 
tiue,  but  it  is  less  effectual  than  morphia.  Both  morphia  and  hyoscyamus  may 
be  given  in  combination  with  the  bromide.  Hydrate  of  chloral  has  also  fre- 
quently been  used ;  but  it  is  not  so  safe  a  di-ug  as  those  just  mentioned,  as 
an  excessive  dose  may  kill  the  patient  suddenly.  The  Surgeon  must  use  his 
judgment  as  to  the  extent  to  which  the  sedatives  may  be  pushed.  If  they  fail 
to  act,  it  is  often  wiser  to  discontinue  them,  than  to  run  the  risk  of  giving  a 
poisonous  dose.  Food  is  even  of  more  importance  than  sedatives  ;  so  long  as 
the  patient  can  take  an  abundant  supply  of  good  liquid  nourishment,  there  is 


300 


CONSTITUTIONAL   EFFECTS   OF  INJURY. 


hope  ofliis  iTcovery.  Solids  innst  be  avoided,  a8  the  Rtomach  is  never  in  a 
state  to  digest  them.  If  there  be  mucb  depression,  it  will  usually  be  advisaljie 
to  administer  some  stimulant,  that  to  which  the  patient  has  habituated  himself 
bein,i>'  the  best.  It  is  sometimes  convenient  to  mix  the  sedative  with  the 
stimulant.  If  the  ])atient  Vie  strong,  there  is  no  danger  in  cutting  off  all 
stimulants,  even  in  the  case  of  a  confirmed  di-iinkard.  After  sleep  has  been 
induced,  the  quantity  of  sedatives  must  be  lessened;  but  it  will  often  be  found 
necessary  to  continue  them  for  some  time,  as  there  will  Ite  a  tendency  to 
recurrence  of  the  delirium  at  night. 

The  jiatient  should  if  possible  be  put  in  a  room  by  himself;  and  watched  by 
a  single  attendant.  Tf  he  is  violent,  he  should  be  at  once  put  in  a  strait- 
waistcoat,  as  it  excites  him  much  less  to  struggle  with  an  inanimate  object, 
than  with  a  couple  of  men.  When  the  strait-waistcoat  is  firmly  applied, 
the  attendant  should  keep  out  of  sight  as  much  as  possible  while  watching 
him.  If  the  injury  is  a  broken  bone  in  a  limb,  the  injured  part  must  lie  fixed 
firmly  in  splints  well  padded  with  cotton-wool,  and  swung  from  a  cradle ;  it 
must  on  no  account  be  fixed  to  the  bed,  for  every  movement  of  the  patient 
would  then  grind  the  bones  together,  and  perhaps  render  a  simple  fracture 
compound.  The  patient  seems  absolutely  insensible  to  the  pain  caused  liy 
such  movements. 

These  two  forms  of  traumatic  delirium,  the  inflammatory  and  the  nervous, 
are  often  found  more  or  less  conjoined,  and  in  such  cases  the  prognosis  is 
always  grave,  as  exhaustion  speedily  sets  in  ;  stimulants  and  abmadant  fluid 
nourishment  must  then  be  freely  administered. 


REMOTE    EFFECTS    OF  INJURY. 


These  may  be  constitutional  or  local. 

The  Remote  Constitutional  Effects  of  injuries  are  of  a  very  varied  cha- 
racter. In  some  cases,  persons  who  have  met  with  serious  injuiy  will  be  found 
to  die  suddenly,  some  months  after  apparent  recovery.  In  others,  they  gradually 
fall  out  of  health,  the  nutrition  of  the  body  appearing  to  become  impaired, 
anemia  and  a  cachectic  state  supervening.  In  other  instances,  agani,  the 
functions  of  the  neiTous  system  become  disturbed  :  convulsive  movements  or 
paralytic  symptoms  of  a  slight  but  persistent  character  eventually  develoi> 
themselves,  and  may  become  progressive.  In  these  cases,  the  immediate 
influence  exercised  hy  the  injury  on  the  nervous  system  seems  to  pass  off, 
^vhile  a  peimauent  im])ression  is  left.  The  patient  never  completely  recovei-s 
from  the  effects  of  his  injury  :  he  is  never,  to  use  the  common  expression, 
"  the  same  man  again  ; "  and,  although  his  health  may  appear  t..  improve 
from  time  to  time,  yet,  on  careful  investigation,  it  will  be  found  that  there 
iuis  been  a  continuous  train  of  symptoms  indicative  of  a  disordered  state  of 

the  nervous  system. 

Remote  Local  Effects.— The  possible  remote  local  consequences  ot  severe 
injuries  deserve  more  attention  than  they  usually  receive.  There  can  be  no 
doubt  that  many  stnictural  "diseases  owe  their  origin  to  long  antecedent 
injuries.  The  nutrition  of  a  part  may  be  modified  to  such  an  extent  by  a 
blow  or  wound  inflicted  upon  it,  as  to  induce  those  alterations  in  tiie  struc- 
ture which  constitute  true  organic  disease.  Thus  we  occasionally  find,  on 
death  occurring  many  months  after  a  severe  injury,  that  extensive  local  mis- 
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chief,  usually  of  an  iiifianimatorj  ckaraoter,  is  disclosed,  which  has  evidently 
been  going  on  in  an  insidious  manner  from  the  time  of  the  accident. 

In  other  cases  again,  a  blow  may  give  rise  to  severe  and  long-continued 
neuralgic  pains  in  a  part ;  or  it  may  be  the  direct  cause  of  structural  disease 
in  bones,  joints,  or  blood-vessels  ;  and,  lastly,  it  may  be  the  starting  point  of 
(iancerous  or  other  tumours,  many  cases  of  which  can  be  distinctly  referred  to 
external  violence. 


INJURIES   OF  SOFT  PARTS. 


CHAPTEK  IX. 


INJURIES  OF  SOFT  PARTS. 
These  consist  of  Contusions  and  Wounds. 

CONTUSIONS. 

In  a  Contusion  the  skin  is  unbroken,  but  there  is  ahvays  some  laceration 
of  the  subcutaneous  structures.  Indeed,  great  disorganization  of  these  occa- 
sionally takes  place,  though  the  skin  remains  entire,  owing  to  its  greater 
elasticity  and  toughness.  Hence  a  contusion  may  be  looked  upon  as  a  sulicu- 
taneous  lacerated  wound. 

In  contusions  there  is  always  extravasation  of  blood  into  the  tissues  to  a 
oi-eater  or  less  degree.  When  slight,  this  extravasation  is  termed  an  ecchy- 
inosis.  The  blood  is  not  shed  outwardly,  but  accumulates  under  the  skin  in 
the  areolar  tissue,  or  in  internal  organs,  presenting  in  the  former  situation  the 
ordinary  purplish-black  discoloration  of  a  bruise.  The  amount  of  blood  extra- 
vasated  will  of  course  depend  upon  the  vascularity  of  the  part  contused.  The 
arrest  of  the  extravasation  is  due  in  great  measure  to  the  coagulation  of  the 
elfused  blood  closing  the  torn  vessels,  and  in  some  cases  to  the  pressure  it 
exerts  upon  their  walls  ;  thus  restraining  the  further  escape  of  blood,  and 
allowing  the  ordinary  process  of  repair  of  wounded  vessels  to  take  place. 

Causes.— Contusions  may  result  from  direct  pressure,  as  when  a  part  is 
forcibly  squeezed  ;  from  a  direct  Uoiv,  usually  by  a  hard  blunt  body  ;  or  from 
•an  indirect  blow,  as  when  the  hip-joint  is  contused  by  a  person  falling  on  his 
feet  from  a  height. 

Compression  of  the  parts  injured  is  always  necessary  to  produce  a  con- 
tusion. This  compression  may  occur  between  the  force  on  one  side,  and  a 
bone  as  the  resisting  medium  on  the  other:  or  the  part  injured  may  be 
compressed  and  contused  between  two  forces  in  action— as  when  the  hand  is 
oaufht  between  two  revolving  wheels  ;  or  between  a  force  in  action  and  a 
passive  medium— as  by  a  wheel  pfissing  over  the  limb  and  crushing  it  against 
the  ground. 

Degrees.— The  amount  of  extravasation  of  blood  consequent  on  a  contusion 
will  necessarily  depend  mainly  upon  the  force  causing  the  bruise,  but  also  to 
a,  considerable  extent  upon  the  state  of  health  of  the  individual.  In  pereons 
out  of  health,  with  soft  tissues,  bruising  very  readily  occurs.  Contusions  are 
of  various  degrees  :  they  may  bo  arranged  as  follows  :— 1,  of  the  Skin  only; 
^>  with  Extravasation  into  tlie  Areolar  Tissue;  .3,  with  Subcutaneous 
laceration  of  the  Soft  Parts ;  and  4,  with  Subcutaneous  Disorganiza- 
tion of  the  Soft  and  Hard  Parts. 

In  the  first  degree,  the  blood  is  effused  merely  into  the  skin,  producing 
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eccliymosis  or  bruise;  the  colour  of  which  varies  at  different  periods  from 
purphsh-red  to  greenish -JjrovvUj  this  variation  being  dcjiendeut  upon  changes 
that  take  place  in  the  pigment  as  the  blood  undergoes  absorption. 

In  the  second  degree,  the  extravasated  blood  most  commonly  distends  the 
spaces  of  the  areolar  tissue,  and  there  coagulates,  forming  a  doughy  swelling. 
.  In  other  cases  in  which  the  areolar  tissue  is  torn  either  by  the  injury  or  hj 
the  extravasation,  a  bag  of  blood  may  be  felt,  fluid  and  fluctuating,  under  tlie 
skin.  Under  ordinaiy  circumstances  the  effused  blood  is  gi-aduahy  absorbed  ; 
but  if  it  communicates  with  the  air  by  an  external  wound,  it  will  undergo 
])utre faction,  unless  special  antiseptic  precautions  are  taken  to  prevent  this,  and 
will  excite  inflammation  and  suppuration  around  it,  tin;  clots  being  discharged 
•  mixed  with  pus.  In  some  cases  it  would  appear,  from  the  observations  of  Sir 
P.  Hewett  and  Sir  J.  Paget,  that  the  clot  resulting  from  extravasated  blood 
may  become  invaded  by  new  cells,  most  probably  migrating  leucocytes, 
amongst  which  new  vessels  may  penetrate.  Ultimately  new  connective  tissue 
may  develop  in  the  site  of  the  clot,  and  thus  some  permanent  induration  be 
left.  In  other  cases  the  extravasated  blood  may  give  rise  to  a  sanguineous 
tumour,  Hsematoma ;  the  blood,  which  may  remain  fluid  for  months,  or  even 
years,  slowly  deposits  its  fibrin  upon  the  tissues  amidst  which  it  is  lying,  thus 
forming  a  sort  of  imperfect  cyst-wall,  while  the  fluid  contents  become  dark  and 
treacly.  According  to  some  pathologists,  the  imperfect  wall  thus  formed  may 
develop  into  well-formed  fibrous  tissue,  and  the  contents  may  become  colourless 
from  complete  absorption  of  the  blood  pigment,  and  in  this  way  a  definite  cyst 
.with  serous  contents  may  be  formed  in  the  site  of  the  extravasated  blood.  In 
some  cases  the  contents  are  grumous  rather  than  serous. 

In  the  third  and  fourth  degrees  of  contusion,  the  laceration  and  disorganiza- 
tion of  structures  often  lead  to  sloughing  and  suppuration,  or  to  rapid  gangrene 
of  the  parts,  or  to  haemorrhage,  ending  in  fatal  syncope  ;  or,  when  the  contu- 
sion is  of  an  internal  organ,  this  hemorrhage  may  prove  fatal  by  taking  place 
into  the  serous  cavities.  When  the  contusion  is  superficial,  the  htemorrhage  is 
subcutaneous,  and  though  abundant,  is  rarely  in  suflBcient  quantity  to  influence 
the  heart's  action.  In  one  remarkable  case,  however,  in  which  a  schoolmaster 
was  convicted  of  manslaughter  for  beating  a  boy  to  death  with  a  stick,  and  in 
which  I  was  called  to  make  a  jjos^  mortem  examination,  death  had  evidently 
resulted,  in  a  great  measure  at  least,  from  this  cause  :  the  subcutaneous  areolar 
tissue  of  the  four  limbs  being  extensively  torn  away  from  the  fasciae,  and 
uniformly  filled  with  extravasated  blood,  whilst  the  internal  organs  were  in  an 
anaemic  condition,  even  the  pulmonary  vessels  and  the  cavities  of  the  heart 
being  emptied  of  blood. 

An  extravasation  of  blood,  when  of  any  considerable  size,  is  almost  invariably 
followed  by  a  distinct  elevation  of  temperature^  often  amounting  to  two  or 
three  degi-ees.  It  sets  in  soon  after  the  injury,  and  subsides  by  the  fourth  or 
fifth  day  or  earlier.  The  fever  of  supjiuration  is  more  severe,  sets  in  later,  and 
does  not  subside  till  the  pus  is  evacuated. 

Diagnosis. — This  is  not  always  easy.  The  more  severe  degrees  may  be 
mistaken  for  incipient  gangi-ene,  the  discoloration  not  being  very  dissimilar, 
and  the  resemblance  being  sometimes  increased  by  the  formation  of  blebs 
upon  the  skin  containing  serous  fluid  more  or  less  darkly  coloured  with  blood  ; 
but  the  part,  when  simply  contused,  preserves  its  temperature  and  vitality.  In 
"some  cases  the  extravasated  blood  has  a  hard  cu-cumscribcd  border  of  clot,  and 
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is  soft  ill  the  centre,  wliieh  in  the  scalp  resembles  somewhat  a  depression  iu  the 
subjacent  bone. 

The  diagnosis  of  old  cases  of  extravasation,  leading  to  haematoma,  from 
abscess  or  malignant  disease,  is  not  always  easily  made  by  tactile  examination 
alone  ;  but  the  history  of  the  case,  exploration  with  a  grooved  needle,  and 
examination  of  the  contents  of  the  tumour  under  the  miciv)scope,  will  always 
clear  up  any  doubt  that  may  exist. 

TfiEATiMENT. — In  the  first  two  degrees  of  contusion  our  object  should  1»e 
to  arrest  the  haemorrhage  from  the  ruptured  vessels  as  speedily  as  possible, 
and  afterwards  to  promote  the  absorption  of  the  extravasated  blood.  For  the 
first  piu'pose  cold  applications  are  of  especial  service.  Ice  may  be  applied  in 
severe  cases,  but  its  use  must  not  be  continued  too  long,  lest  it  lead  to  slough- 
ing of  the  bruised  tissues.  In  slight  cases  a  lotion  composed  of  one  part  of 
spirits  of  wine  to  eight  or  ten  of  water  may  be  constantly  aiDplied.  After  all 
hajmorrhage  has  ceased,  cold  is  of  little  use  to  promote  absorption,  and  the 
])art  may  be  wrapped  in  cotton-wool  or  hot  fomentations  may  be  applied. 
Leeches — commonly  used  in  these  cases — should  not  be  applied  to  a  bruised 
part :  they  caunot  remove  the  blood  that  has  already  been  extravasated,  and  they 
often  set  up  irritation,  which  leads  to  suppuration.  A  bag  of  blood,  however 
soft  and  fluctuating  it  may  feel,  should  nob  be  opened  so  long  as  there  is  any 
chance  of  its  being  absorbed.  If  once  it  be  punctured  and  unpurified  air  or 
water  be  allowed  to  enter,  putrefactive  suppuration  will  be  set  up  in  it.  The 
fluid  blood  may,  however,  in  such  case  be  safely  removed  by  means  of  the 
aspirator,  a  large  needle  being  used,  and  the  puncture  being  closed  with  collodion. 
If  signs  of  inflammation  occur,  the  parts  becoming  red,  hot,  and  painfully 
throbbing,  free  incisions  should  at  once  be  made  with  antiseptic  pi'ecautions, 
and  the  blood  and  pus  evacuated. 

In  the  third  and  fourth  degrees  of  contusion,  it  is  often  useless  to  attempt 
to  save  the  life  of  the  injured  part ;  but,  if  this  is  attempted,  much  may  l)e 
done  to  prevent  the  fever  and  suppuration  that  sometimes  attend  the  separa- 
tion of  the  sloughs.  The  skin,  being  in  such  cases  unbroken,  must  be  washed 
with  a  solution  of  carbolic  acid  (1  in  20),  or  perchloride  of  mercury  (1  in 
oOO),  after  which  an  antiseptic  dressing  may  be  applied,  beneath  which  the 
sloughs  will  separate  with  scarcely  any  febrile  distiu-bance,  and  but  little 
suppuration. 

Disorganizing  contusions  of  the  most  severe  kind  may  be  recovered  from 
provided  there  he  no  exiernal  ivouncl,  even  though  the  soft  structures  of  the 
limb  or  part  be  extensively  crushed,  the  bones  comminuted,  and  the  joints 
opened.  It  is  not  the  subcutaneous  lacerations  and  disorgauizations  that  are 
to  be  dreaded  ;  so  long  as  the  main  blood-vessels  of  the  part  injured  are  intact, 
these  mav  be  recovered  from.  But  it  is  the  admission  of  air,  bearing  with  it 
the  causes  of  decomposition,  into  the  interior  of  a  badly  injured  limb  that  con- 
stitutes the  great  danger.  If  this  can  be  avoided  there  is  little  fear  of  uudne 
inflammation  being  excited  ;  l)ut  if  impure  air  or  water  be  admitted  to  the 
lacerated  tissues,  putrefaction  followed  by  suppuration  and  sloughing  is  at 
once  set  up,  and  the  safety  of  the  patient  will  be  seriously  imperilled  In  such 
cases  as  these,  amputation  is  usually  the  sole  resource,  unless  the  progress  of  the 
mischief  can  be  aiTested  by  efficient  antiseptic  treatment. 

The  difference  between  the  efiects  of  a  subcutaneous  laceration  and  one 
accompanied  by  open  wound  is  well  exemplified  in  the  cases  of  a  "  simple  " 
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and  a  compound  "  dislocation.  In  the  first  case,  although  the  ligaments  and 
capsular  muscles  are  extensively  torn,  often  Avith  great  extravasation  of  blood, 
repair  takes  place  without  any  serious  trouble  ;  whilst  in  a  compound  dis- 
location, in  which  air  has  l)een  admitted  and  has  given  rise  to  putrefaction  of 
the  extravasated  blood  and  the  inflammatory  exudation,  the  most  extensive 
sup])urati(m  necessarily  ensues,  and  joint,  limi),  or  life  is  in  great  danger  of 
being  lost. 

Contusions  of  interiuil  organs  are  always  very  serious,  and  require  special 
treatment,  according  to  the  ])art  that  is  affected,  and  the  extent  of  its  injury. 

The  blood  which  has  been  extravasated  in  simple  subcutaneous  contusions 
sometimes  seems  to  undergo  certain  changes  of  such  a  nature  as  in  many  cases 
to  render  its  absorption  a  source  of  constitutional  disturbance.  Hence  it 
occasionally  happens  that  this  absorption  of  large  extravasations  is  followed 
by  some  of  the  minor  evidences  of  blood-poisoning — such  as  boils,  sallowness 
oF  skin,  low  health,  and  rheumatic  pains.  These  effects  are  best  remedied  by 
sulphurous  waters,  free  purging,  alteratives,  change  of  air,  &c. 

Strangulation  of  Parts. — Strangulation  may  be  sudden  and  complete,  as 
when  a  ntevus  or  pile  is  ligatured  by  the  Surgeon.  The  circulation  is  then 
immediately  arrested,  the  colour  of  the  part  is  unaltered,  and  no  chnngc  takes 
place  in  it  till  decomposition  sets  in.  Accidental  strangulation  is  more  com- 
monly gradual.  In  such  cases,  the  first  effect  of  the  constriction  is  to  prevent 
the  retm-n  of  the  venous  blood  ;  this  impediment  to  the  circulation  occasions 
serous  effusion,  and  swelling  of  an  cedematous  character.  If  relief  be  not 
afforded  to  the  circulation  by  the  removal  of  the  constriction,  distension  of  the 
vessels,  stagnation  of  the  blood,  gradual  loss  of  vitality  of  the  part  teniii- 
■nating  in  gangrene  will  ensue.  In  many  cases  in  which  the  strangulation  is 
relieved  by  the  Surgeon,  the  loss  of  vitality  is  far  advanced  but  not  complete' 
and  the  restoration  of  the  circulation  is  then  followed  by  inflammation,  varying 
in  intensity  with  the  degree  of  damage  that  the  tissues  have  suffered.  This  is, 
indeed,  merely  an  illustration  of  the  fact  experimentally  demonstrated  by 
Cohnheim,  that  aiTest  of  the  circulation  or  exclusion  of  blood  from  a  rabbit's 
.ear  gives  rise,  when  the  circulation  is  restored,  to  inflammation,  the  intensity 
of  which  can  be  determined  by  the  duration  of  the  interference  with  the  flow 
of  blood.  The  most  familiar  example  of  this  condition  in  actual  practice  is  the 
inflaimnation  of  the  gut  that  so  frequently  follows  reduction  of  a  strangulated 
heraia. 

The  treatment  of  strangulation  consists  in  at  once  dividing  or  removing  the 
cord  or  ring,  as  '  the  case  may  be.  Usually  this  is  easily  done,  but  in  some 
cases  it  is  attended  with  no  little  difficulty.  This  happens  especially  when  ii 
small  ring  has  been  hurriedly  put  on  a  wrong  finger,  or  when  the  penis  has 
been  drawn  through  a  brass  i-ing.  In  such  cases  as  these  the  member  swells 
greatly,  and  the  difficulty  of  removing  the  foreign  body  is  very  considerable. 
The  finger-ring  may  usually  be  removed  by  slipping  a  director  under  it,  and 
clipping  or  filing  it  across  upon  this.  Sometimes  the  following  popular  plan 
may  advantageously  be  adopted.  A  strong  silk  thread  is  carefully  bound 
round  the  finger  as  tightly  as  possible  from  the  tip  down  to  the  ring,  under 
which  the  free  end  is  carried  with  a  needle  :  the  thread  is  then  slowly  un- 
twisted, and  the  ring  is  thus  carried  upon  it  off  the  finger.  Curtain  or  other 
bras.<  rings  compressing  the  root  of  the  penis  have  been  known  slowly  and 
gradually  to  cut  through  the  organ,  without  destroying  its  vitality  or  render- 
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ing  the  urethra  impervious  ;  Imt  such  a  fortunate  result  is  altogether  the 
exception  ;  in  the  great  majority  of  such  cases,  unless  the  ring  he  speedily  cut 
off,  mortification  of  the  organ  would  ensue,  and  might  he  followed,  as  it  has 
been  in  some  instances,  by  tlie  death  of  the  patient. 

Subcutaneous  Wounds. — The  remarks  that  have  just  been  made  with 
respect  to  the  effects  of  the  admission  of  air  into  extravasations  of  blood  and 
subcutaneous  lacerations  or  contusions,  apply  with  equal  force  to  subcutaneous 
wounds  ;  indeed  such  lacerations,  ruptures,  and  injuries,  are,  properly  speak- 
ing, subcutaneous  wounds  ;  that  is  to  say,  bones,  muscles,  ligaments,  tendons, 
and  blood-vessels,  may  be  broken,  torn,  contused,  and  ruptured,  and  yet  if  the 
skin  covering  the  parts  be  unbroken,  complete  repair  may  take  place  withcjut 
the  inflammation  at  any  time  passing  beyond  the  simple  traumatic  or  adhesive 
stage,  and  without  more  than  the  slight  degree  of  traumatic  fever  inseparable 
from  all  serious  injuries,  and  which  in  the  slighter  injuries  would  not  be 
recognizable. 

The  Siu:geon  takes  advantage  of  this  most  important  fact  in  many  of  his 
operations  which  are  performed  subcutaneoushj ;  that  is  to  say,  the  narnnv 
blade  of  a  knife  is  introduced  through  a  puncture  in  the  skin,  tissues  are 
freely  divided,  and  on  the  withdrawal  of  the  knife  the  wound  is  so  closed 
either  by  the  approximation  of  its  valvular  edges,  or  by  the  pressure  of  a 
compress,  that  the  entrance  of  air  is  prevented,  and  thus  healing  takes  place 
by  the  first  intention,  without  constitutional  disturbance,  as  in  a  subcutaneous 
laceration.  This  is  the  principle  on  which  the  operation  of  tenotomy  is 
performed. 

The  only  treatment  needed  in  a  subcutaneous  wound,  whether  the  result  of 
accident  or  made  by  the  Surgeon's  knife,  is  Rest  and  protection  of  the  skin. 
The  unbroken  skin  is  a  more  certain  antiseptic  than  any  surgical  di-cssing. 


OPEN  WOUNDS. 

A  wound  may  best  be  defined,  in  the  words  of  Wiseman,  as  "  a  solution  of 
continuity  in  any  pai-t  of  the  body,  suddenly  made  by  anything  that  cuts  or 
tears,  with  a  division  of  the  skin." 

Surgeons  divide  wounds  into  five  kinds.  Incised,  Lacerated,  Contused, 
Punctured,  and  Poisoned. 


INCISED  WOUNDS. 

Incised  wounds  are  those  made  by  a  sharp  cutting  instrument  such  as 
a  knife  or  sword.  They  may  vary  in  extent  from  a  simple  superficial  cut  to 
the  incision  required  in  amputation  at  the  hip-joint.  They  jnay  be  simple, 
implicating  merely  integument  or  integument  and  muscle  ;  or  they  may 
be  comphcated  with  injury  of  the  larger  vessels  and  nerves,  or  of  miportant 

organs.  .      .  . 

Symptoms.— In  all  casps  incised  wounds  give  rise  to  three  symptoms  ;  viz.. 

Pain  Htemon-hage,  and  Separation  of  the  lips  of  the  wound. 

The  Pain  in  an  incised  wound  is  usually  of  a  cutting,  burning,  or  smartuig 
character.  The  intensity  of  the  i>ain  varies  with  the  alnindance  of  the  nervous 
supply  of  the  part ;  a  wound  of  the  hand,  for  instance,  is  much  more  paniful 
than  one  of  the  skin  of  the  back. 


TREATMENT  OF  INCISED  WOUNDS. 


The  amoiuit  of  Haemorrhage  uecessarily  depends  upon  the  vascularity  of 
the  parb  as  well  as  on  the  size  of  the  wound.  The  proximity  of  the  part 
\\  ouuded  to  the  centre  of  the  circulation,  or  to  a  large  vessel,  has  also  a  very 
considerable  influence,  different  parts  of  the  same  tissue  bleeding  with  different 
i  'grees  of  facility  ;  thus  the  skin  of  the  face  yields  when  cut  more  blood  than 
tliat  of  the  leg.  Again,  the  same  parts  will  poui-  out  a  larger  quantity  of 
lilood  when  the  vessels  are  dilated  in  consequence  of  local  irritation  than  when 
they  are  in  their  normal  condition. 

The  Separation  of  the  Lips  of  the  Wound  depends  on  the  tension  and 
:  he  position  of  the  part  as  well  as  on  the  elasticity  and  vital  contractility  of 
;  he  tissues  ;  it  is  also  influenced  by  the  direction  of  the  incision,  according  as 
t  liis  is  parallel  to  the  axis  of  a  limb  or  muscle  or  across  it.  It  is  greatest  in 
t  hose  parts  that  are  naturally  the  most  elastic  or  that  possess  the  highest  degree 
I  if  tonicity  ;  thus  the  muscles  when  cut  retract  some  inches,  the  arteries  and 
skin  gape  widely  when  divided,  whereas  in  the  case  (jf  ligaments  or  bones,  no 
1  L'traction  takes  place. 

Management  of  Incised  Wounds. — lu  the  treatment  of  an  incised  wound, 
we  must  always  endeavour  to  procure  union  by  primary  adhesion  (p.  275) 
between  a  portion,  if  not  the  whole,  of  the  surfaces,  for  reasons  already 
^'iven.    The  probability  of  procuring  adhesion  depends  partly  upon  the 
institution  of  the  patient ;  it  is  an  error  to  suppose  that  success  is  entirely 
>  iependent  on  local  conditions  and  the  management  of  the  wound  itself.  In 
;oine  constitutions  it  is  impossible,  under  the  most  favourable  circumstances, 
to  obtain  it.    The  sounder  the  constitution,  the  more  readily  ^\^ll  union  by  the 
lirst  intention  take  place  ;  and  in  all  cases  it  is  favoured  by  the  removal  of 
all  sources  of  irritation  from  the  system,  and  by  the  adoption  of  a  plain  and 
nutritious  diet.    Repair,  like  all  other  physiological  processes,  is  attended 
with  an  expenditure  of  force  dii'ectly  proportional  to  the  extent  of  the  injury 
to  be  repaired,  hence  anything  approaching  a  lowering  plan  of  treatment  is 
to  be  avoided,  though  the  opposite  error  of  over-stimulation  is  equally  to  be 
'leprecated.    Before  any  operation,  when  it  is  possible,  the  patient  should  be 
Itrepared  by  being  kept  for  some  days  upon  a  plain  diet.    He  should  be 
'■ncouraged  to  take  moderate  exercise,  and  regular  action  of  the  bowels  should 
le  ensured.    The  condition  of  the  kidneys  should  also  be  ascertained  by 
xamination  of  the  m-ine.    In  cases  of  accidental  wound  we  must  keep  the 
patient  quiet,  put  him  on  a  moderate  diet,  and  be  very  cautious  in  the  admin- 
istration of  stimulants,  as  they  have  a  great  tendency  to  interfere  with  union 
'v  the  first  intention  by  increasing  the  force  of  the  heart  and  exaggerating  the 
arly  exudation. 

Local  Treatment. — In  the  treatment  of  wounds  the  fii-st  four  days  form 
tlie  most  important  period,  and  the  fate  of  the  wound,  whether  it  shall  heal 
'ly  first  intention  or  by  the  slower  process  of  granulation,  is  practically 
'letermined  in  the  first  twenty-four  hours.  It  has  already  been  pointed 
out  in  the  Chapters  on  Inflammation  and  Repair  that,  as  the  necessary  result 
of  the  injury  done  by  the  knife,  a  limited  traumatic  inflammation  is  set  up, 
accompanied  by  abundant  exudation  of  liquor  sanguinis  and  migration  of 
'  orpuscles  ;  the  hquid  exudation  coagulates,  the  serum  drains  away,  and  the 
'  oagulated  fibrin  with  the  white  corpuscles  remains  behind,  forming  the 

plastic  exudation  "  which  serves  as  the  first  bond  of  union.  This  process 
must  occur,  but  it  should  be  completed  within  the  first  twenty-four  hours,  at  the 

X  2 


3o8 


INJURIES   OF  SOFT   I' ARTS. 


end  of  which  time  the  tissues  shonld  have  recovered  from  the  damaf^e  done  by 
the  knife,  exudation  shonld  cease,  and  the  period  of  traumatic  inflammation  be 
at  an  end.  Shonld  any  fresh  source  of  irritation  be  brouglit  to  bear  on  tbc  sur- 
faces of  the  wound  the  inflammation  will  persist,  the  migration  and  exudation 
will  continue,  pus  will  form  instead  of  the  desired  plastic  exudation,  and  all 
adhesion  between  the  surfaces  is  prevented.  The  sources  of  irritation  against 
which  we  have  to  guard  arc — first,  mccliamixil,  viz.,  the  presence  of  foreign 
bodies,  the  tension  from  accinnulation  of  blood-clot  or  discharges,  and  f)-iction 
of  the  surfaces  against  each  other  ;  secondly,  rhemical,  the  products  of  putre- 
faction and  the  persistent  action  of  [lowerful  antiseptics  ;  and  thirdly,  upecific 
infecUvp  ^^oisons,  as  erysipelas,  liospital  gangrene,  some  forms  of  pyaemia  and 
septicaemia.  It  is  evident,  therefore,  that,  in  accordance  with  these  principles, 
the  following  are  the  essential  features  of  the  treatment  of  a  wound  : — 1,  Arrest 
hsemorrhage  perfectly  ;  2,  Remove  all  foreign  bodies  and  clean  the  wound  ; 
3,  Bring  the  sui'faccs  accurately  into  contact ;  4,  Provide  perfect  drainage  for 
the  serous  discharge  which  must  be  poured  out  during  the  first  twenty-four 
hours  ;  5,  Maintain  perfect  rest  of  the  part  ;  0,  Prevent  decomposition  of  any 
discharge  that  may  form  between  the  surfaces,  and  while  so  doing  avoid  the 
constant  action  of  an  ii-ritatiug  antiseptic  in  the  wound  :  7,  Guard  the  patient 
carefully  from  the  chance  of  hifcction  from  unhealthy  or  specific  inflammations 
in  the  wounds  of  others. 

It  must  be  borne  in  mind  that  the  healthy  traumatic  hiflammation  which 
results  from  every  wound  is  very  limited  in  extent,  and  consequently  gives 
rise  to  such  slight  local  symptoms  that  it  ]nay  clinically  pass  unnoticed,  and  it 
has  sometimes  been  ignored;  the  term  " inflammation  of  a  wound"  being 
apphed  to  the  process  only  when  it  extends  more  widely  so  as  to  cause  redness, 
swelling,  heat,  and  pain  easily  recognizable  by  the  most  superficial  observer. 
Clinically  this  may  be  convenient,  but  pathologically  it  is  inaccurate.  The 
process  by  which  the  plastic  exudation  is  formed  is  an  example  of  simple 
traumatic  inflammation  not  spreading  beyond  the  area  injured ;  the  later 
process  is  a  spreading  inflammation  due  to  various  sources  of  irritation  which 
have  been  allowed  to  act  on  the  womid  after  its  infliction. 

There  is  no  subject  in  Surgery  which  has  undergone  more  frequent  modifi- 
cations from  the  earhest  periods  of  which  we  ha^^e  record,  than  the  local  treat- 
ment of  wounds.  The  first,  and  perhaps  tbc  instinctive,  method  of  treating  a 
wound  was  to  close  it  up  at  once  and  to  exclude  the  air  by  means  of  a  mass  of 
clay,  of  chewed  leaves,  or  of  cow's  or  camel's  dung.  The  wound  was  further 
]ivotectcd  from  the  aii-  by  pouring  oil  into  it,  and  putrefaction  was  limited  by 
the  use  of  wine  or  balsams.  At  a  later  period  in  the  history  of  our  art,  tents 
of  various  kinds  were  used  in  order  to  prevent  the  injurious  accumulation  of 
discharges,  wdiich  might  decompose  and"  putrefy.  The  closure  of  the  wound 
and  the  prevention  of  ]Dutrefaction  in  its  discharges  by  the  use  of  spirituous 
and  stimulating  antiseptics,  or  by  facilitating  the  escape  of  tlie  secretions, 
were  the  means  employed  from  the  most  remote  anticjuity.  That  these 
methods  were  in  many  cases  highly  successful  there  can  be  no  doubt  ;  and  it 
is  still  these  four  great  principles,  the  closure  of  the  wound,  the  prevention  of 
putrefaction,  the  facilitation  of  the  escape  of  discharges,  and  the  maintenance 
of  perfect  rest  between  the  opposed  surfaces,  that  guide  us  in  the  treatment  ot 
all  wounds,  however  ditterent,  and  in  some  respects  im])r(.ved,  the  means  may 
be  by  which  we  endeavour  to  carry  them  out. 
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In  the  local  treatment  then  of  all  incised  wounds,  there  are  six  chief  indi- 
cations, which  will  be  considered  in  the  following-  order  :  1,  the  Arrest  of 
Scemorrhage ;  2,  the  Removal  of  Foreign  Bodies ;  3,  the  Coaptation  of  the  Sides 
of  tJie  Wound;  4,  the  Provision  of  Perfect  Drainage ;  b,  the  JIaintenance  of 
Perfect  Rest ;  6,  the  Prevention  of  Decomposition  of  the  Discharges  and  Infec- 
tion, of  the  Wound.    These  we  shall  consider  more  in  detail. 

1.  Arrest  of  Haemorrliage.— If  bleeding  be  general  from  the  surface  it 
may  be  stopiDcd  by  exposure  to  the  air,  by  elevation  of  the  wounded  part,  by 
accurate  and  firm  coaptation  maintained  by  the  pressure  of  a  well-applied 
bandage,  and  by  the  use  of  cold,  heat,  or  other  styptics.  Arterial  bleeding 
must  be  arrested  l)y  the  means  described  in  Chapter  XIV.  In  making 
choice  of  a  hemostatic,  jjreference  is  to  be  given  to  that  which  wiU  interfere 
the  least  with  union  by  the  first  intention.  Thus,  among  styptics,  hot  Avater 
or  cold,  in  the  shap)e  of  ice  or  of  rags  wrung  out  of  cold  Avater,  is  to  be  pre- 
ferred to  others  of  the  same  class,  such  as  the  perchloride  of  iron,  which  are 
aU  more  or  less  caustic  and  irritant.  Again,  torsion  should  be  employed  when 
possible  rather  than  other  means  ;  and  if  the  Hgature  be  used,  it  should  be  of 
some  material  wdiich  can  be  absorbed  and  will  not  offer  any  oI)stacle  to  union 
by  the  fixst  intention. 

2.  The  Bemoval  of  Foreign  Bodies,  such  as  dirt,  pieces  of  stone  and 
glass,  spicula  of  bone,  coagulated  blood,  c^irc,  is  best  effected  by  alloAving 
a  stream  of  Avater,  to  which  some  efficient  antiseptic  as  carbolic  acid,  corrosive 
sublimate  or  iodine  has  been  added,  to  fall  upon  the  part  from  a  sponge  or 
irrigator,  all  rough  handling  of  the  Avoimded  tissue  being  avoided  as  much  as 
possible.  Sharp  and  angular  bits  embedded  amongst  the  tissues  should  be 
removed  with  forceps.  Above  all,  this  cleansing  of  the  wound  is  to  be  done 
thoroughly,  and  once  for  all ;  a  comparatively  insignificant  body,  if  over- 
looked at  this  time,  may  effectually  prevent  adhesion,  whilst  disturbance  of 
the  wound  after  it  has  been  once  closed,  destroys  the  layer  of  plastic  exudation 
which  ought  to  form  the  early  Ijond  of  union. 

3.  The  next  and  most  important  indication  to  fulfil,  is  the  Coaptation  of 
the  Opposed  Surfaces  as  accurately  as  possible. 

As  a  general  rule,  the  sides  should  not  be  brought  together  until  all 
hffimuiThage  has  ceased  ;  if,  however,  there  is  but  slight  oozing,  this  may 
be  arrested  by  their  approximation,  and  the  pressure  thus  exercised  on  the 
bleeding  A  cssels. 

The  surfaces  should  be  gently  brought  together  so  as  thoroughly  to  ex- 
clude all  air  and  superfluous  moisture  from  the  deeper  portions  of  the 
wound,  the  skin-margin  being  the  last  to  be  adjusted  ;  due  attention  should 
at  the  same  time  be  paid  to  relaxing  the  parts  by  position,  so  that  there 
may  be  no  gajniig  of  the  lips  nor  tension  on  the  sides  of  the  wound.  For 
the  purpose  of  keeping  all  in  position,  sutures,  piasters,  and  bandages  are 
employed. 

Sutures  are  the  best  means  we  have  of  bringing  the  edges  of  a  wound  in 
close  apposition,  but  if  drainage  be  not  carefully  attended  to  they  may  favour 
°^gf,'ing,  by  causing  superficial  union,  Avhilst  the  deeper  parts  still  gape.  A 
suture  is  in  itself  almost  unirritating,  but  can  become  irritating  in  two  ways— 
nist  by  being  applied  too  tightly,  or  by  becoming  tight  in  consequence  of 
swelling,  and  thus  (xiusmg  tension  ;  and,  secondly,  by  absorbing  the  products 
ot  putrefaction,  and  thus  acting  as  a  chemical  irritant.    The  first  condition  is 
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common  to  all  sutures,  of  whatever  material  they  may  Ije  made  ;  the  second 
can  bo  avoided  by  the  use  of  metallic  or  other  nou -absorbent  substances,  and 
by  efficient  antiseptic  treatment  of  the  wound.    "When,  therefore,  sutures  are 
appb'ed  in  a  case  in  which  it  is  expected  that  decomposition  of  the  discharges 
will  take  place,  a  non-absorbent  material  must  l)c  used.    The  chief  non-absor- 
bent substances  used  for  this  purpose  are  threads  of  well  annealed  silver  or 
iron-wire  of  various  degrees  of  stoutness,  silkworm-gut,  and  horsehair.  The 
two  last  arc  especially  useful  in  delicate  plastic  operations  on  the  face.  Tn 
cases  in  which  some  form  of  antiseptic  treatment  is  adopted,  silk  forms  the 
best  material  for  sutures  ;  it  should  be  that  known  as  dentists'  or  twisted  silk, 
and  should  not  be  waxed.    Before  being  used  it  should  be  well  soaked  for 
twenty-four  hours  in  a  solution  of  carbolic  acid  in  water  (1  in  20),  or  in  a 
solution  of  perchloride  of  mercury  (1  in  500).    In  some  cases  fine  catgut 
forms  a  convenient  form  of  suture,  but  this  cannot  be  relied  upon  for  more 
than  three  days.    It  has  the  great  advantage  of  not  requiring  to  be  taken  out, 
as  the  deep  part  of  the  stitch  becomes  absorbed  if  it  is  protected  from  decora- 
position.   The  thickness  of  a  suture  should  vary  with  the  nature  and  situation 
of  the  injury.    Thus  in  wounds  of  the  hmbs  where  much  traction  may  be 
expected,  the  suture  should  be  thick  ;  whilst  in  those  cases  in  which  it  is  of 
importance  that  as  little  deformity  as  possible  should  be  left,  e.g.,  in  plastic 
operations  and  in  wounds  about  the  face,  it  should  consist  of  the  finest 
material  compatible  with  the  required  strength.    The  threads  are  introduced 
by  means  of  needles,  either  straight  or  variously  curved  :  in  some  instances  it 
is  convenient  to  have  them  set  in  a  handle  with  the  eye  near  the  point  (n»vus- 
needle),  instead  of  in  the  ordinary  position.    For  metallic  threads  a  slight 
modification  of  the  ordinary  needle  is  required,  to  prevent  the  wire  when 
doubled  back  after  passing  through  the  eye  from  ofi^ering  any  obstruction  to 
its  passage  through  the  tissues  ;  "tubular"  needles  are  also  employed  for  this 
purpose. 

The  modes  of  applying  sutures  are  various  ;  but  the  one  most  commonly 
employed  in  all  cases  iiiA'olving  the  integument,  is  the  interrupted,  which 
consists  of  the  introduction  of  as  many  single  stitches  as  may  l)e  necessary  to 
close  the  opening.  The  distance  between  the  stitches  must  be  determined  by 
the  amount  of  tension,  and  by  the  necessities  of  drainage.  If  there  is  even 
moderate  tension,  it  is  better  to  insert  a  few  sutures,  of  a  thicker  material,  or 
"sutures  of  support,"  extending  deeply  into  the  subcutaneous  tissue,  the 
needle  being  made  to  pierce  the  skin  an  inch  or  more  from  the  edge  of  the 
wound.  These  sutures  are  first  tightened  to  such  an  extent  as  just  to 
approximate  the  lips  of  the  wound,  which  may  afterwards  be  brought  more 
accurately  into  contact  by  finer  stitches  or  "  sutures  of  apposition  "  (Fig.  26). 
If  ample  provision^  is  made  for  drainage  by  the  use  of  tubes  the  edges  of  the 
wound  may  be  brought  very  closely  in  contact,  otherwise  in  large  wounds 
there  should  not  be  less  than  one  inch  between  the  stitches.  When,  as  m 
some  plastic  operations,  one  edge  of  the  wound  is  at  a  higher  level  than  the 
other,  if  it  is  desired  to  depress  the  higher  edge,  the  stitch  must  be  so  passed 
that  it  shall  include  a  larger  piece  of  the  lower  :  if  to  raise  the  h.wcr  edge, 
the  chief  hold  must  be  on  the  higher.  In  longitudmal  wounds,  the  tust 
stitch  should  be  inserted  in  the  centre  ;  but  if  there  be  any  angles,  ^Bust  De 
the  case  after  crucial  incisions,  the  extremities  should  be  first  closed,  me 
fastening  is  effected  in  the  case  of  the  silk  thread  by  tying  a  reef-knot,  ana 
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ill  that  of  the  wire,  by  tying  a  half  knot  and  then  crossing  the  two  ends  over 
t  ach  other,  by  which  two  small  hooks  are  made  which  hold  very  firmly  ;  in 
both  instances,  the  ends  are  cnt  oflF  short.  The  knot  or  twist  must  not  he 
over  the  line  of  incision,  but  on  one  or  other  side  of  it.  The  time  that  the 
sutures  should  be  allowed  to  remain,  must  dejDeud  greatly  on  the  nature  and 
progress  of  the  wound.  A  septic  silk  stitch  must  be  removed  in  from  two  to 
three  days  ;  a,n  aseptic  silk  or  a  silver  suture  may  be  left  in  as  long  as  it 
-erves  any  useful  purpose,  provided  it  is  causing  no  iri'itation.  A  tight  stitch 
necessarily  causes  irritation  ;  in  from  twenty-four  to  forty-eight  hours  it  will 
1)0  surrounded  by  a  blush  of  redness  extending  an  inch  or  more  from  the  edge 
(if  the  wound,  and  by  the  third  day  it  will  have  commenced  to  cut  its  Avay  out 
liy  ulceration.  "When  this  occurs,  no  good  purpose  can  be  served  in  most  cases 
l)y  retaining  it,  and  it  should  be  at  once  remoA'ed.  All  deep  stitches  should  as 
;i  rule  be  removed  not  later  than  the  third  day.  In  withdrawing  sutures,  the 
kuot  or  t-wist  should  be  raised  by  forceps,  and  the  thread  divided  on  one  side 
if  it;  gentle  traction  on  the  knot,  the  forefinger  of  the  other  hand  being 
placed  close  to  the  point  of  exit  in  the  skin,  to  prevent  disturbance  of  the 
newly  formed  granulation-tissue,  will  then  suffice  to  draw  the  suture  out.  "When 
^\'ire  has  been  used,  the  bend  in  it  should  be  straightened  as  much  as  possible 
before  pulling  it  out. 

The  Button-Suture  is  a  very  useful  form  of  deep  stitch  in  cases  in  which 
there  is  considerable  gaping  of  the  wound.  It  consists  of  a  thick  piece  of 
silver  wire  penetrating  deeply  through  the  subcutaneous  tissue  and  passing 
through  the  skin  fi-om  one  inch  and  a  half  to  two  inches  on  each  side  of  the 
wound.  Each  end  of  the  silver  wire  is  passed  through  an  oval  piece  of  sheet 
lead  about  one  inch  in  its  long  diameter,  and  perforated  with  a  hole  in  its 
centre  ;  on  the  button  are  projecting  wings  round  which  the  wire  can  be 
twisted  after  it  has  been  brought  through  the  hole.  The  two  buttons  are 
1  vawn  together  and  maintained  in  position  by  wire  twisted  round  them,  in 
iich  a  way  as  to  bring  the  edges  in  sufficient  apposition  to  allow  of  the  finer 
stitches  being  inserted  at  the  edges  of  the  wound  without  undue  tension. 
The  button  difirises  the  pressure  over  the  whole  area  upon  which  it  presses, 
and  thus  a  considerable  degree  of  traction  may  be  applied  "^Adthout  causing 
ulceration  or  sloughing.  It  is  especiahy  useful  after  the  excision  of  malignant 
t  umours  with  a  portion  of  skin. 

In  the  continuous  suture,  or  glover's  stitch,  the  thread  is  carried  on  from 
stitch  to  stitch,  instead  of  beiug  detached  from  the  needle,  and  fastened  off  as 
ill  the  interrupted  suture.  Either  metallic  or  silk  thread  can  be  employed  ; 
in  withdrawing  it,  each  loop  must  be  divided,  and  each  piece  removed  sepa- 
rately as  in  the  common  stitch.  This  form  of  suture  is  not  very  often  em- 
ployed. Its  chief  disadA-antage  is  that  if  one  stitch  cuts  through,  it  relaxes 
all  the  others  to  a  greater  or  less  degree. 

The  quilled  suture  is  employed  where  the  sides  of  a  deep  longitudinal 
wound  are  required  to  lie  kept  in  contact  throughout,  as  in  ruptured  perineum. 
It  consists  of  a  series  of  double  interrupted  sutures  of  stout  silk,  whipcord,  or 
silver  wire  passed  deeply,  through  the  loops  of  which,  that  hang  out  on  one 
>ide  of  the  wound,  is  passed  a  piece  of  bougie,  or  quill,  whilst  the  ends  of  the 
thread  are  tightly  tied  or  twistc  over  a  similar  cylinder  o\\  the  opposite  side. 
The  stitches  should  enter  and  emerge  about  half  an  inch  from  the  line  of 
incision,  and  be  so  placed  that  the  cylinders  when  in  situ  lie  parallel  to  one 
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another.    Fine  interru]ited  sntiires  may  Ijo  used  in  addition,  to  connect  tin 
superficial  parts. 

The  twisted  or  figure-of-S  suture  is  very  commonly  employed  in  Burj^ery. 
A  slender  pin,  made  of  soft  iron,  with  a  steel  point,  is  introduced  tin'ougli  ea<^h 
lip  of  the  wound,  at  a  distance  of  about  one-third  of  an  inch  from  the 
margins  ;  and  whilst  the  edges  are  held  in  contact,  a  piece  of  silk  twist  is 
passed  in  a  figure-of-8  round  the  pin,  care  being  taken  not  to  draw  it  too 
tight,  nor  to  compress  the  soft  parts  between  the  needle  and  the  thread,  lest 
sloughing  ensue.  The  projecting  ends  of  the  pin  are  now  cut  off  with  pliers, 
and  the  skin  beneath  them  protected  with  plaster.  This  suture  is  used  in  the 
treatment  of  hare-liii :  but  it  is  of  great  sei'\'ice  wherever  the  lips  of  tlie 
wound  are  very  vascular  ;  it  has  the  advantage,  likewise,  of  taking  the  tension 
off  the  suture,  so  that  it  is  less  likely  to  cut  its  way  out  than  the  interrupted 
sutm-e.    The  pin  may  be  Avithdrawn  in  about  forty-eight  hours. 

Plasters  are  of  various  kinds,  those  most  commonly  employed  being  the 
resin,  soap,  and  isinglass  plasters.  Each  of  them  possesses  peculiar  properties, 
fitting  it  for  use  in  particular  cases.  The  resin-plaster  has  the  advantage 
of  being  most  adhesive,  and  of  not  being  readily  loosened  by  discharge ;  but, 
on  the  other  hand,  it  is  irritating,  sticky,  difficnit  to  remove,  and,  in  conse- 
quence of  the  lead  that  it  contains,  leaves  a  dirty-looking  incrustation  behind 
it.  The  soap-plaster  is  less  irritating,  but  at  the  same  time  less  adhesive  ;  it 
is  consequently  not  much  used  in  the  management  of  wounds.  The  isinglass 
plaster  is  doubtless  the  most  cleanly  and  least  irritating  of  all,  and,  being 
transparent,  permits  the  Surgeon  to  see  what  is  taking  place  beneath  it  ;  but 
it  is  readily  loosened  by  the  discharges,  and  is  apt  to  run  into  a  cord. 

The  American  rubber-plastei-,  which  adheres  with  great  tenacity  without 
being  either  wetted  or  warmed,  will  be  found  very  convenient  in  many  cases. 
It  Avill  not  stick,  however,  to  a  wet  surface  ;  but  if  once  applied,  is  not  easily 
loosened  by  discharges  as  it  is  a  waterproof  material. 

Plasters  which  require  heating,  must  be  cut  into  strips  of  convenient  length 
and  breadth  and  are  best  Avarmed  by  being  passed  tln-ough  hot  Avater.  In 
the  case  of  an  antiseptic  dressing,  the  plaster  may  be  rendered  aseptic  by  Ijeiug 
dipped  in  a  basin  containing  a  pint-and-a-half  of  l)oiliug  Avater  to  ^  hich  one 
ounce  of  pure  carbolic  acid  has  been  added,  and  well  stirred  so  as  to  ensure 
complete  solution.  All  superfluous  hair  having  been  removed,  and  the  surface 
well  dried,  each  strip  should  be  laid  down  evenly  between  the  points  of  suture 
when  these  have  been  used,  so  as  to  compress  and  support  each  side  of  the 
Avound  with  e(|ual  force  ;  the  longer  the  strip,  the  firmer  will  be  its  hold, 
and  the  less  likely  it  will  be  to  become  prematurely  loose.  In  removing  the 
plaster  both  ends  should  l)e  raised  at  the  same  time  towards  the  Avound,  and 
the  strip  should  then  be  taken  off'  without  eitlier  h]i  of  the  wound  being 
unduly  dragged  U]:)on.  The  strips  should  be  allowed  to  remain  undisturbed  as 
long  as  possible,  and  each  one  repla(;ed  before  the  next  is  removed. 

When  the  edges  of  the  A\'ound  have  been  brought  together,  nothing  niani- 
tains  the  perfect  coaptation  of  the  deeper  parts  so  perfectly  as  the  uniform 
elastic  ])ressure  of  a  mass  of  cotton-wool,  or  some  similar  substiince, 
surrounded  by  a  bandage  evenly  and  firmly  apjilied.  This  forms  a  most 
important  feature  in  some  of  the  methods  of  treating  wounds,  to  be  described 
immediately. 

4.  The  provision  for  Perfect  Drainage.— The  arrangement  of  the  parts 
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should  be  such  that  there  may  be  a  ready  escape  fur  the  serous  ooziug,  which 
must  necessarily  ensue  iu  all  wounds  during  the  first  twelve  or  twenty-four 
hours  after  their  iufliction.  This  should  be  allowed  to  take  place  from  what 
will  be  eventually  the  most  dependent  poiut  of  the  wound.  In  formei-  times 
when  ligatures  of  compressed  whip-cord  or  waxed  silk  were  used,  the  threads 
were  all  brought  out  at  one  spot,  and,  if  thick  and  numerous,  served  as  a 
drain.  In  the  present  day,  ha;morrhage  is  almost  in^■ariably  arrested  by 
torsion  or  by  means  of  ligatures  of  carbolized  catgut,  or  some  other  material, 
which  if  left  in  the  wound,  will  become  absorbed  or  encapsuled  without  giving 
rise  to  suppuratiou ;  consequently,  it  is  necessary  in  most  cases  to  insert  a 
^'drainage-tube''''  well  into  the  wound,  and  retaiu  it  there  from  forty-eight 
hours  to  several  days,  according  to  the  amount  and  character  of  the  discharge. 
The  value  of  the  draituige-tube  in  preventing  the  accumulation  of  blood, 
serum,  or  pus,  cannot  be  over-estimated.  It  is  the  greatest  safeguard  we 
have  against  the  accumulation  of  decomposable  fluids  in  the  wound,  and,  more 
than  any.  other  means,  favours  cohesion  of  its  opposite  sides,  and  secures  the 
patient  fi'om  the  dangers  of  septic  contamination.  Its  use  should  neA^r  be 
omitted,  if  the  wound  be  dee])  and  irregular,  or  if  there  be  danger  of  bagging 
under  a  flap.  If  a  drainage-tube  be  not  used,  the  stitches  must  be  applied 
at  longer  intervals,  a  wide  space  being  left  between  each  for  the  exit  of 
discharges.  In  operations  the  \vound  should  wheneA'er  possible  be  made  iu 
such  a  direction  as  to  facilitate  drainage. 

The  elastic  pressure  of  the  cotton-wool  dressing  above  mentioned  is  also  of 
great  service  in  preventing  the  accumidation  of  discharges  in  a  wound.  In 
the  first  place,  the  surfaces  being  kept  in  perfect  apposition,  no  space  is  left  iu 
which  fluids  can  easily  be  retained  ;  and  secondly,  the  early  serous  exudation 
is  materially  diminished,  partly  by  the  direct  effect  of  the  pressure,  and  partly 
because  the  perfect  apposition  of  the  surfaces  and  the  complete  rest  given  to 
the  part  ensures  the  early  formation  of  a  thin  layer  of  plastic  exudation, 
glueing  the  two  sides  of  the  wound  together,  and  thus  closing  the  opened 
vessels  and  lymph-spaces  and  arresting  further  exudation. 

5.  The  Maintenance  of  Perfect  Rest. — One  important  point  in  the  manage- 
ment of  every  wound,  is  to  maintain  the  injured  structures,  as  much  as  pos- 
sible, in  a  state  of  rest.  This  is  to  be  done  by  position,  by  the  Surgeon's 
refraining  from  disturbing  the  parts  unnecessarily,  and  by  the  adoption  of 
some  mode  of  dressing  that  requires  to  be  changed  but  seldom.  In  some 
cases  Compresses  of  soft  lint  or  scime  antise[»tic  material,  such  as  carbolic 
gauze,  may  be  so  disposed  as  to  aid  in  keeping  the  sides  in  ajtposition  ;  the 
iandayes  should  be  ap])lied  over  them  so  as  to  exert  a  steady  well-regulated 
pressure,  without  impeding  the  free  circulation  of  blood  in  the  part.  The 
clastic  pressure  of  a  large  mass  of  cotton-wool  as  applied  in  some  of  the  forms 
of  dressing  to  be  described  hereafter  maintains  rest  iu  the  highest  perfection. 

6.  The  2)revention  of  decomposition  of  the  discharge  and  of  infection  of 
ihe  wound  must  be  carried  out  by  means  founded  on  the  principles  already 
laid  down  when  treating  of  the  causes  (p.  1  62  et  seq. ),  and  the  prevention  of 
inflammation  (p.  1!)4  et  seq.). 

METHODS    OP    TREATING  WOUNDS. 

It  is  impossil)le  to  give  a  conqjlete  accuunt  of  all  the  various  methods  of 
treating  wounds  which  the  general  recognition  of  the  foregoing  principles  has 
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g-ivcii  rise  to.  Excellent  results  have  been  obtained  by  different  Sui'^eons  by 
methods  apparently  differing  widely,  and  circumstances  often  oblige  a  Burgeon 
to  adopt  one  means  in  preference  to  another.  Some  of  the  most  important 
only  will  therefore  be  described  here. 

Exclusion  of  Air — or  Occlusion  Methods. — Tlie  complete  sealing  of  a 
wound  by  some  adhesive  and  impermeable  material  after  accurately  adjusting 
the  edges  and  surfaces,  seems  so  natural  a  mode  of  treatment,  that  it  is  not 
surprising  that  it  should  have  been  frequently  attempted.  By  this  method, 
admission  of  air  Avith  all  its  attendant  evils  being  prevented,  it  was  hoped 
that  the  wound  might  rapidly  heal  -without  suppuration  as  in  scabbing.  Bur 
there  is  no  real  analogy  between  sealing  a  wound  with  an  occlusive  dressing 
and  the  process  of  scabbing.  In  the  latter  condition,  the  scab  is  fonned  of 
the  di-ied  serous  discharge  which  has  drained  fi'om  the  wound  in  the  first  few 
hours.  An  occlusive  d]-essing,  on  the  other  hand,  shuts  in  this  discharge,  and 
if  it  be  abundant,  tension  and  inflammation  very  commonly  follow,  destroy- 
ing any  chance  of  healing  without  suppuration.  It  may  be  broadly  stated 
that  no  method  of  treatment  by  complete  occlusion  has  ever  been  successful  in 
large  w^ounds  or  is  ever  likely  to  be  so.  In  small  M^ounds,  the^  edges  and 
surfaces  of  which  can  be  brought  accurately  in  contact,  occlusion  may  be 
followed  by  primary  union,  but  e^^en  in  such  cases  it  often  fails,  and  many 
wounds,  which  miglit  have  healed  without  trouble  if  properly  treated,  have 
been  rendered  serious  by  the  "  bit  of  sticking-plaster  "  invarial^ly  applied  if 
the  case  is  first  taken  to  a  chemist's  shop.  Should  it  be  thought  ad^-isable  to 
apply  an  occlusive  dressing,  it  may  be  done  by  the  use  of  Collodion,  painted 
freely  over  the  line  of  incision  with  a  camel's  hair  brush,  after  the  surface  has 
been  weU  dried,  or  of  Styptic  Colloid,  which  has  the  further  advantage  of 
being  hemostatic  and  antiseptic.  The  fihn  thus  formed  may  be  fiirther 
strengthened  by  some  shreds  of  charpie  or  fine  lint.  A  second  or  third  appli- 
cation of  the  collodion  or  styptic  colloid  will  be  required,  if  the  crust  show 
any  sign  of  becoming  detached  :  otherwise  it  may  be  allowed  to  remain  until 
it  separates  of  itself,  which  it  usually  does  in  the  com-se  of  a  few  days. 
Similarly,  a  piece  of  lint  soaked  in  blood,  or  in  compound  tincture  of  benzoin,^ 
may  be  applied  over  the  wound.  The  Surgeon  must  watch  for  any  signs  of 
the' formation  of  matter,  such  as  redness  of  the  surrounding  skin,  heat,  throb- 
bing pain,  and  perhaps  fcA-er,  and  if  these  appear,  the  crust  must  be  removed 

immediately.  .  v     •  r 

The  Open  Treatment  of  Wounds.— This  consists  m  the  application  ol 
no  di-essing  of  any  kind.  The  edges  are  approximated  in  sucli  a  way  as  to 
allow  of  perfectly  free  drainage,  and  the  injured  part  is  placed  m  such  a 
position  as  to  relieve  tension  and  place  it  at  perfect  rest  :  it  is  then  merely 
covered  by  a  thin  piece  of  muslin  to  keep  off  flies.  Beneath  it  should  be 
placed  some  waterproof  material  to  catch  any  discharge  that  flows  away,  and 
this  may  be  changed  whenever  necessary.  This  method  of  treatment  is  often 
followed  by  very  good  results.  By  it  rest  is  obtained  with  some  degree  of 
perfection,  as  the  disturbance  of  dressing  is  almost  completely  avoided  ;  but 
the  prevention  of  decomposition  is  very  imperfectly  carried  out.  It  tne 
drainage  is  perfect,  and  nothing  but  healthy  plastic  exudation  remains  between 
the  suriaces,  no  decomposition  will  take  place  in  the  deep  part  of  the  woun( . 
If,  however,  there  happen  to  be  a  pocket  or  cavity  containmg  serous  flum, 
this  will  certainly  decompose,  and  septic  fever  and  suppuration  will  follow. 


Such  discharges  as  flow  away,  are  partly  removed  by  changing  tlie  waterproof 
material  beneath  the  wound,  and  partly  become  dry  about  the  edges,  and  when 
dry  are  incapable  of  decomposition.  Thus,  with  perfect  drainage  and  dry  air, 
a  wound  treated  in  this  way  may  run  a  perfectly  aseptic  course  ;  but  such 
a  result  cannot  in  any  way  be  relied  od.  The  prevention  of  infection 
entirely  neglected.  On  the  Avhole  it  may  be  said  that,  although  this  mode 
treatment  is  vastly  superior  to  any  attempt  at  complete  occlusion,  it  is  not  to 
be  recommended,  as  in  the  majority  of  cases  it  fails  in  the  prevention  of 
decomposition,  and  consequently  leaves  the  patient  exposed  to  the  dangers  of 
septic  absorption  and  of  infective  inflammations. 

The  Simple  Water-Dressing  strongly  advocated  by  Listen  as  a  substitute 
for  the  older  methods  of  poulticing  wounds,  was  a  mode  of  treatment  exten- 
sively adopted  until  about  twenty  years  ago.  It  resembled  the  open  treatment 
just  described  ;  the  only  difference  being  that,  instead  of  leaving  the  wound 
completely  exposed,  a  piece  of  lint  moistened  with  water  was  applied.  For 
the  first  two  or  three  days  it  was  left  uncovered  and  changed  frequently,  care 
being  taken  that  it  never  became  dry  ;  after  that  time  it  was  kept  moist  by  a 
covering  of  oiled  silk.  By  this  means  the  wound  was  kept  at  rest,  being 
scarcely  disturbed  in  changing  the  lint,  and  if  the  deep  parts  were  thoroughly 
drained  union  often  took  place  with  but  little  suppuration.  I  have  seen 
many  large  wounds,  such  as  those  of  amputations,  or  after  excision  of  the 
breast,  heal  almost  by  the  first  intention,  without  any  suppuration  except  such 
as  took  place  along  the  track  of  the  ligatures.  If,  however,  any  serous 
discharge  happened  to  accumulate  in  the  wound,  the  constant  application  of 
water,  unpurified  by  the  addition  of  any  antiseptic,  encouraged  putrefaction, 
and  since  this  fact  has  become  fully  recognised,  the  simple  water-dressing  has 
been  practically  abandoned. 

The  Dry-Lint-Dressing  was  used  by  8yme  and.  many  others  before  the 
introduction  of  antiseptic  treatment.  It  consisted  of  a  pad  of  dry  lint  placed 
on  each  side  of  the  Avound,  so  as  gently  to  press  the  surfaces  together  without 
interfering  with  the  exit  of  discharge.  Over  this  was  placed  another  piece  of 
lint  about  three  layers  thick,  and  the  whole  surrounded  by  a  bandage.  This 
was  left  untouched  for  from  three  to  fom'  days,  by  which  time  it  was  usually 
soaked  with  the  discharges  and  had  become  more  or  less  offensive  from  decom- 
position. This  mode  of  treatment  secured  rest,  apposition,  and  drainage,  and 
perhaps  delayed  decomposition  by  drying  the  discharges  to  some  extent.  Very 
good  results  were  often  obtained  by  it,  but  suppuration,  followed  by  pyfemia, 
was  no  uncommon  occurrence. 

The  Cotton-Wool-Dressing  was  introduced  by  A.  Guerin,  of  Paris.  In 
this  mode  of  treatment,  the  wound  having  been  cleaned  and  its  edges  carefully 
approximated,  and  if  necessary  a  drainage-tube  inserted,  the  y\'ho\e  part  is 
enveloped  in  a  huge  mass  of  cotton-wool,  a  foot  oj-  more  in  thickness.  Over 
this  a  bandage  is  forcibly  applied,  so  as  to  compress  the  wool  to  about  half  its 
previous  thickness.  The  dressing  is  then  left  undisturbed  for  a  fortnight  or 
three  weeks.  The  temperature  is  carefully  watched  during  this  period,  and 
should  there  be  any  coiisideralile  rise  after  the  third  day  the  dressing  must  bo 
removed  at  once.  Severe  pain  would  be  another  indication  for  looking  at  the 
wound.  The  principle  of  the  dressing  is  this  ;  accurate  coaptation  of  the 
surfaces  and  the  most  perfect  rest  are  obtained  by  the  uniform  elastic  iircssure  of 
the  cotton-wool  ;  the  early  exudation  is  nuich  diminislied  in  quantity,  partly 
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by  the  pressure  and  partly  by  the  early  adhesion  of  the  ojjposed  surfaces,  and 
such  discharge  as  there  is  escapes  between  the  edges  of  the  wound  and  is 
absorbed  by  the  wool  and  there  dried,  and  thus  prevented  from  decomposing  ; 
all  infection  from  without  is  prevented  by  the  filtration  of  the  air  should  any 
circulate  through  the  mass  of  cotton-wool.  By  this  mode  of  treatment 
achnirable  results  are  often  obtained,  the  wound  healing  rapidly  and  pain- 
lessly, leaving  a  simple  linear  cicatrix.  The  prevention  of  puti'efacti(jn  is, 
hoM'ever,  uncertain  ;  if  the  discharge  is  small  in  amount,  and  becomes  com- 
pletely dried,  the  case  will  run  an  absolutely  aseptic  course  ;  more  commonly 
there  is  a  very  offensive  smell,  somethnes  that  of  ordinary  putrefaction,  some- 
times quite  peculiar.  With  this  there  is  some  septic  fever  during  the  first  few 
days.  Guerin's  dressing  has  undergone  some  modifications,  and  its  principles, 
as  will  be  seen  hereafter,  have  been  adopted  in  some  Ibrms  of  antiseptic 
dressing.  The  substitution  of  al)sorbent  wool,  i.e.,  cotton-wool  completely 
deprived  of  grease,  for  common  cotton-wool,  has  rendered  the  drying  of  the 
discharge  and  the  consequent  pre\-ention  of  decomposition  more  perfect,  ljut 
even  with  this  it  is  by  no  means  certain. 

In  all  the  foregoing  methods  no  chemical  antiseptic  is  used  in  the  dressing  ; 
and  the  prevention  of  all  evils  which  follow  decomposition  of  the  discharges  is 
but  imperfectly  accomplished. 

The  Antiseptic  Treatment  of  Wounds,  as  introduced  by  Lister,  has 
for  its  object  the  absolute  prevention  of  decomposition  of  the  discharges  by 
the  application  to  practice  of  the  germ-theory  of  decomposition.  The  theory 
has  already  been  described  so  fuUy,  that  it  remains  only  to  show  the  mode  of 
its  application.  The  practice  does  not  necessitate  the  use  of  any  special  anti- 
septic agent,  or  any  special  material  for  dressing  ;  any  method  of  treatment 
which  entirely  prevents  decomposition,  without  the  constant  contact  of  the 
antiseptic  agent  with  the  raw  surface,  carries  out  the  principle.  The  term 
^'aseptic"  has  sometimes  been  applied  to  the  various  methods  of  treatment  m 
which  the  prevention  of  decomposition  is  earned  out  in  this  way  to  distinguish 
them  from  those  in  which  the  ca\'ity  of  the  wound  is  constantly  irrigated  or 
frequently  syringed  out  with  an  antiseptic  fluid. 

Every  accidental  wound  which  has  been  exposed  for  some  time  before  it  is 
seen  by  the  Surgeon,  will  probably  coutain,  deposited  in  it  from  the  air,  the 
organisms  which  cause  decomposition.  Still  more  certainly  will  this  be  the 
case  if  dirt  has  been  carried  in  by  tlie  instrument  inflicting  the  wound,  or  if  it 
has  been  washed  with  common  water.  The  first  step  in  such  a  case  is,  there- 
fore, to  destroy  these  by  washing  the  surfaces  with  an  efficient  antiseptic 
solution.  In  the  original  antiseptic  treatment,  as  introduced  by  Lister, 
carbolic  acid  was  the  agent  used,  but  at  the  present  time  solutions^  of  per- 
chloride  of  mercury  are  employed  with  equal  frequency,  and  some  Surgeous 
prefer  a  weak  solution  of  iodine  (Tr.  lodi  5ij.  Aq.  Oj).  For  cleaning  iustru- 
ments  carbolic  acid  is  the  only  agent  available,  as  the  perchloride  and  lodmc 
corrode  the  steel.  In  the  following  description  of  an  antiseptic  di-essing 
carbolic  acid  only  will  ))e  mentioned,  but  it  must  be  remembered  that  a 
solution  of  perchloride  of  mercury,  1  in  1,0U0,  may  be  substituted  for  tiio 
carbolic  acid  1  in  20,  and  1  in  2,000  for  1  in  -40,  except  in  the  spray  and  toi 
the  instruments.  In  a  prolonged  operation  or  in  irrigatuig  a  large  wouud  it 
is  safer  to  use  even  a  more  dilute  solution  of  mercury.  If  the  injury  be  a 
simple  incised  wound  with  smooth  surfaces,  this  may  be  done  with  a  sponge  or 
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by  a  simple  imgator  ;  if  it  l)e  irregular,  as  in  a  compoimd  fracture,  it  is  best 
carried  out  by  means  of  a  syriugc  with  a  piece  of  soft  india-rubber  tubing  ou 
its  nozzle.  The  tubing  is  stiff  enough  to  penetrate  any  existing  cavity,  but 
not  so  stiff  as  to  force  a  way  for  itself  Care  must  be  taken  in  injecting  the 
wound,  not  to  squeeze  the  lips  together  so  as  to  cause  higli  pressure  in  its 
cavity,  for  the  lymph-spaces  in  the  neighbourhood  may  become  injected  with 
the  solution,  and  unpleasant  inflammation  may  follow.  The  whole  of  the 
parts  which  will  be  covered  by  the  dressing  should  be  well  washed  with  the 
solution.  If  the  Avound  be  on  the  hand  or  foot,  great  care  must  be  taken  to 
clean  the  nails  and  between  the  digits.  If  the  Avound  is  on  the  head  or  any 
other  hairy  part,  the  hair  must  be  cut  away  and  the  skin  shaved.  Then,, 
protecting  the  wound  as  far  as  possible,  the  surrounding  skin  must  be  cleaned 
with  soap  and  hot  water  or  with  a  weak  solution  of  ammonia  and  then  well 
washed  with  the  antiseptic  solution.  If  tlie  hair  cannot  be  cut  away,  it  may 
be  well  greased  with  1  part  of  carbolic  acid  to  9  of  olive  oil. 

In  the  case  of  an  operation,  the  skin  is  first  cleansed  with  soap  and  hot 
water,  and  afterwards  with  tlie  1  in  20  solution  for  six  or  eight  inches  around 
the  seat  of  the  intended  incision  when  this  is  possible  ;  it  is  a  good  plan  to 
Avi'ap  the  part  in  a  towel  moistened  with  the  1  in  40  solution  for  half  an  hom* 
or  more  before  the  operation.  This  being  done,  it  is  necessary  to  prevent  the 
entrance  of  organisms  into  the  wound  during  the  operation.  Tliey  can  be 
carried  into  the  wound  in  various  ways.  First,  hy  the  Surrjcon^s  hands ;  to 
prevent  this  the  operator  and  his  assistants  must  first  carefully  wash  their  hands 
in  soap  and  water,  and  afterwards  dip  them  in  the  1  in  40  solution  ;  and  the 
dipping  must  be  repeated  whenever  the  hands  have  been  exposed  to  the 
air  improtected  by  the  lotion.  Secondly,  hy  the  instrmnc7its ;  all  the  instru- 
ments must  therefore  he  placed  in  a  bath  of  carbolic  acid  and  water,  1  in  40, 
taken  out  only  when  wanted,  and  immediately  replaced  when  done  with,  if 
they  are  likely  to  be  used  again  during  the  operation.  Thirdly,  by  the  sponyes 
these  must  be  prepared  as  before  described  (p.  39),  and  must  be  freshlj 
squeezed  out  of  the  1  in  40  solution  when  handed  to  the  assistant.  Fourthly, 
iy  the  ligatures ;  these  must  therefore  be  composed  either  of  catgut  or 
Tiuwaxed  silk  prepared  as  described  in  Chapter  XIV.  ;  or  the  haemorrhage 
may  be  arrested  by  torsion,  and  the  use  of  hgatures  entirely  avoided.  Fifthly, 
hj  the  air ;  to  prevent  this  the  wound  must  be  constantly  irrigated  with  the 
antiseptic  solution  or  wetted  with  it  at  short  intervals  during  the  operation,, 
and  fijially  well  washed  out  at  the  end.  As  a  mode  of  irrigating  not  only  the 
Avound,  but  the  surrounding  air,  and  the  hands  of  the  Surgeon  and  his  assis- 
tants. Lister  invented  the  plan  of  operating  under  a  spray  of  carbolic  acid. 
The  spray  may  be  ]:)roduced  by  a  Richardson's  ether-spray-apparatus  filled 
with  a  solution  of  carbolic  acid  in  water  (1  in  40),  but  the  steam-s])ray-pro- 
ducer  is  much  more  convenient  and  certain.  The  vessel  for  the  carbolic  acid 
must  be  filled  with  the  1  in  20  solution,  which  when  mixed  with  the  steam,  is 
reduced  to  about  1  in  30.  The  spray  from  the  time  of  its  invention  met  Avith 
much  opposition,  and  Lister  himself  has  uoav  abandoned  its  use.  Many 
Surgeons,  however,  still  look  upon  it  as  an  additional  safeguard  in  operating,  and 
Avhile  fully  acknoAvledging  that  Avitli  attention  to  the  other  details  of  antiseptic 
treatment  it  may  safely  be  abandoned,  still  continue  to  use  it  in  special  cases. 
The  advocates  of  the  spray  urge  the  folloAving  points  in  its  favour  :  it  is  the 
most  perfect  and  continuous  mode  of  irrigating  a  wound  ;  if  the  spray  be 
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sufficiently  fine,  it  is  impossible  for  any  organisms  floating  in  the  air  to  escape 
contact  witli  one  of  the  minute  dro|)s  of  the  antiseptic  solution,  and  the 
ordinary  bacteria  of  putrefaction  arc  tlius  rendered  innocuous  ;  cojisequently, 
air  mixed  with  spray  may  be  admitted  with  imimnity  to  the  natural  cavities  of 
the  body,  to  tlie  deep  parts  of  irregular  wounds,  and  iuto  other  situations  in 
which  perfect  irrigation  by  any  other  means  would  be  impossible  or  dangerous. 
Lastly,  by  means  of  the  steam-spray  the  Surgeon  can  examine  the  wound 
while  dressing  it  at  his  leisure,  and  still  maintain  perfect  irrigation.  In 
confirmation  of  these  views,  it  may  be  stated  that  at  University  College 
Hospital,  aseptic  results  were  obtained  with  greater  certainty  after  the  efficient 
steam-spray  was  introduced  than  while  hand-instruments  were  employed,  and 
that  the  results  of  those  cases  in  which  the  spray  has  been  used  with  carbolic 
o-auze  dressings  have  been  more  uniformly  aseptic  than  when  it  has  Iieeu 
replaced  by  washing  out  the  wound  or  by  irrigation.  The  opponents  of  the 
•spray  urge  that  it  is  inconvenient  during  the  operation,  wetting  the  Surgeon 
and  obscuring  his  view,  more  especially  if  he  is  obliged  to  wear  spectacles 
which  become  quickly  clouded  by  it ;  and,  sometimes,  in  long  operations, 
giving  him  unpleasant  symptoms  of  carbolic-acid-poisoning,  such  as  a  general 
sense  of  illness,  pain  in  the  back,  or  even  htematuria  ;  that  it  may  depress  the 
patient  and  add  to  shock  by  chilling  the  surface  ;  that  the  spray-apparatus  is 
costly,  difficult  to  keep  in  order,  and  inconveniently  cumbersome  to  cany 
about  in  private  practice  ;  and  lastly,  that  the  amount  of  success  that  atter.ds 
the  antiseptic  treatment  of  accidental  wounds  is  sufficient  evidence  that  good 
results  may  be  obtained  without  it.  The  truth  probably  lies  between  the  two 
•extremes.  The  spray  is  no  doubt  not  necessary,  but  in  all  cases  in  which 
cavities  are  opened,  it  is  a  great  additional  security,  es])ecially  if  the  cavity  is 
<me  in  which  putrescible  matter  is  likely  to  accumulate,  and  which  it  is 
impossible  thoroughly  to  cleanse  or  drain  ;  thus  it  is  of  great  use  in  small 
■openings  into  the  pleura,  abdomen,  or  joints.  In  operations  such  as  ovario- 
tomy, in  which  the  cavity  of  the  peritoneum  can  be  thoroughly  cleansed 
before  the  wound  is  closed,  and  in  which  the  amount  of  exudation  afterwai-ds 
wiU  not  be  more  than  is  rapidly  absorbed  by  the  serous  membrane,  experience 
shows  that  the  use  of  the  spray  is  not  essential,  although  it  may  give  additional 
security.  In  an  ordinary  operation-wound  it  perhaps  gives  an  increased  certainty 
ajf  an  aseptic  result,  but  with  care  and  attention  to  detail  in  irrigation  perfectly 
satisfactory  results  can  be  obtained  without  it.  When  not  using  a  spray  it  is 
better  to  have  at  hand  a  piece  of  linen  rag  soaked  in  an  antiseptic  solution  or 
as  it  was  termed  by  Lister  "a  guard"  with  which  to  cover  the  whole  wound 
durino-  any  temporary  interruption  in  the  operation,  oi-  any  part  of  it  upon 
which  the  operator  is  not  engaged.  If  the  spi-ay  be  used,  the  obstruction  to 
the  view  of  the  wound  can  be  avoided  by  not  putting  the  apparatus  too  near ; 
and  the  chilling  of  the  patient  must  be  prevented  by  covering  the  parts  not 
necessarily  exposed  with  blankets  and  waterproof  sheeting.  It  is  very  con- 
venient to  cover  the  mackintosh  sheeting  near  the  wound  with  towels  AVTinig 
out  of  a  1  in  40  solution  of  carbolic  acid,  and  a  basin  of  the  lotion  should  bo 
within  reach  of  the  Surgeon  in  whidi  he  can  dip  his  hands  at  intervals. 

In  cases  in  which  the  operation -wound  is  comi)licated  liy  the  presence  ot 
old  sinuses,  such  as  are  met  with  in  many  cases  of  joint-disease,  these  must 
be  scraped  out  with  a  sharp  spoon,  and  afterwards  sponged  with  a  solution  ot 
diloride  of  zinc  (40  grains  to  1  ounce).    If  the  sinuses  be  numerous  it  is, 
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perhaps,  safer  to  wash  the  whole  wound  out  with  chloride  of  zinc  lotion,  the 
good  effects  of  which  were  pointed  out  by  Campbell  De  Morgan  many  years 
ago.  Sinuses  should  not  be  injected  before  the  operation,  as  there  is  some 
danger  of  rupturing  their  walls,  and  if  the  chloride  of  zinc  lotion  should  thus 
become  injected  into  tlie  cellular  tissue,  the  most  extensive  and  dangerous 
sloughing  may  result. 

In  all  cases  of  wound,  whether  resulting  from  accident  or  operation,  drainage 
forms  an  essential  part  of  the  antiseptic  system  of  treatment.  The  irritation 
of  the  antiseptic  applied  to  the  raw  surface  increases  the  natural  serous  dis- 
charge during  the  first  twenty-four  hours.  There  are  no  ligatures  hanging 
from  the  wound  to  form  a  drain,  and  the  edges  are  rather  firmly  pressed  to- 
gether by  the  dressing.  It  is  much  wiser  therefore  to  provide  a  certain  exit 
for  the  discharge  by  means  of  drainage-tubes.  It  is  true  that  with  cotton- 
wool, or  similar  dressings,  even  large  wounds  may  be  successfully  treated 
without  drainage-tubes,  as  the  discharge  is  limited  by  the  pressure,  and  no 
cavity  exists  in  the  wound  in  which  discharges  may  accumulate,  owing  to  the 
perfect  apposition  of  the  smfaces  ;  but  this  much  desired  result  cannot  be  ob- 
tained with  certainty,  and  a  more  uniform  success  will  be  obtained  by  the  use 
of  drainage-tubes.  India-rubber  tubes  are,  as  a  rule,  the  best,  prepared  and 
inserted  in  the  same  way  as  in  the  treatment  of  abscess  (p.  249).  One  or  more 
must  be  introduced  to  the  very  bottom  of  the  wound,  and  the  edges  of  the  skiu 
may  then  be  brought  together  as  closely  as  possible,  a  continuous  suture  even 
being  used  if  the  Surgeon  prefer  it.  The  tubes  must  vary  in  size  and  number 
with  the  extent  and  nature  of  the  wouud,  and  must  be  brought  to  the  surface 
at  the  most  convenient  and  dependent  parts.  The  drainage-tubes  should  not  be 
moved  for  the  first  two  days,  by  which  time  they  will  have  formed  a  track  for 
themselves,  and  can  be  readily  re-introduced  if  necessary.  Sometimes  they 
can  be  completely  removed  on  the  third  day  ;  but  usually  it  is  safer  merely  to 
shorten  them  by  cutting  off  a  piece  at  each  dressing,  till  they  become  reduced 
to  about  half  an  inch  in  length. 

In  order  to  avoid  the  necessity  of  removing  the  dressings  to  shorten  or 
remove  the  tubes,  Neuber  invented  absorbable  tubes  made  from  decalcified 
bone.  Neuber's  tubes  were  made  from  pieces  of  ox's  bone  drilled,  and  then 
decalcified.  Macewen,  who  has  made  extensive  use  of  absorbable  tubes, 
prepares  them  much  more  simply,  as  follows  :  Take  the  tibi^  and  femora  of  a 
fowl,  scrape  them  clean,  and  place  them  in  a  20  per  cent,  solution  of  hydro- 
chloric acid  till  they  are  softened,  then  cut  oft"  the  articular  ends  and  clean  out 
the  medulla  and  endosteum  ;  place  them  again  in  the  acid  for  another  day,  and 
keep  them  ready  for  use  in  a  1 0  per  cent,  solution  of  carbolic  acid  in  glycerine. 
They  must  be  perforated  in  the  same  way  as  the  india-rubber  tubes.  They  act 
perfectly  well  in  most  cases,  resisting  absorption  for  about  eight  days,  but  they 
may  collapse  and  thus  fail  to  act,  and,  in  some  cases,  they  a]-e  not  absorbed, 
nnd  give  rise  to  irritation. 

In  very  small  wounds  a  few  strands  of  catgut  or  horse-hair  \Aall  be  fomid 
to  make  a  very  efficient  drain. 

The  wound  having  been  closed  with  sutures,  and  the  drainage-tubes  in- 
serted, the  next  step  is  to  apply  the  antiseptic  dressing.  No  living  organisms 
capable  of  setting  up  ])utrefaction  or  fermentative  changes  are  supposed  to 
have  been  left  in  an  active  state  in  the  wound,  and  the  small  quantity  of  the 
antiseptic  left  between  its  surfaces  quickly  disappears,  being  partly  absorbed 
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and  partly  wiished  away  by  the  serous  discharge,  and  tluis  there  is  uo  source 
of  irritation  acting  on  the  raw  surfaces  which  could  disturb  the  pi-ocess  of 
repair.  The  necessary  conditions  of  an  antise])tic  dressing  are,  first,  that  it 
shall  absorb  any  discharges  and  prevent  tlieir  decomposition  ;  secondly,  that 
it  shall  not  itself  act  as  a  source  of  irritation  by  any  dii-ect  contact  of  the  chemical 
antiseptic  with  the  raw  surfaces  ;  and  thirdly,  that  it  shall  maintain  rest  and 
apposition  of  the  surfaces.  These  objects  may  be  attained  by  many 
different  forms  of  dressing,  the  more  impoiiantof  whicli  alone  canlje  described 
here. 

The  antiseptic  dressings  may  be  divided  into  two  classes  :  first,  those  which, 
being  themselves  moist,  prevent  scabbing,  or  in  which  drying  is  prevented  by 
a  waterproof  material  covering  the  dressing  ;  and  secondly,  those  in  which 
the  discharge  is  received  in  an  absorbent  material,  and  there  allowed  to  dry. 
To  this  latter  class  belong  the  so-called  "  lasting  dressings,"  which  in  many 
cases  may  be  applied  immediately  after  the  infliction  of  the  wound,  and  not 
removed,  if  all  goes  well,  till  healing  is  complete. 

I.  The  Carbolic-Gauze-Dressing  was  invented  by  Sir  Joseph  Lister,  and 
was  the  first  with  which  genuine  aseptic  results  were  obtained  with  any  degree 
of  certainty.  The  materials  required  are  :  1st.  The  carbolic  gauze.  2nd. 
Some  thick  green  oiled  silk,  coated  with  copal  varnish,  and  covered  with  a 
thin  layer  of  a  mixture  of  dextrine  and  starch,  so  that  when  dipped  in  the 
carbolic  lotion  it  may  become  uniformly  wetted.  This  is  called  protective 
oiled  sdk,  or,  shortly,  the  "  protective."  It  is  almost  impermeable  to  carbolic 
acid,  and  is  itself  perfectly  devoid  of  irritating  properties,  and  thus,  when 
applied  to  the  wound  protects  the  edges  from  the  direct  action  of  the  carbolic 
acid.  3rd.  Some  thin  waterproof  sheeting,  known  in  the  trade  as  '^hat- 
lining,"  or  "pink  jaconette." 

The  dressing  may  be  applied  with  or  without  the  spray.  If  the  spray  be 
not  used  the  wound  should  be  covered  by  a  piece  of  linen  rag,  moistened  with 
oarboUc  acid  lotion  (I  in  40),  while  the  dressing  is  being  prepared.  This  rag 
is  commonly  termed  a  "  guard." 

The  dressing  should  be  apphed  thus  ;  a  small  piece  of  the  "  protective  "  dipped 
in  the  carbohc  lotion  is  first  applied  to  the  wound,  with  a  hole  cut  through 
it  corresponding  to  the  mouth  of  the  drainage-tube.  Over  this  is  placed  a 
double  layer  of  gauze,  di]iped  in  the  carbolic  lotion  and  squeezed  as  dry  as 
possible.  This  has  been  found  to  give  additional  safety,  as  the  carbolic 
o-auze  often  picks  up  pieces  of  di]-t  which  are  not  disinfected  by  it  in  its  dry 
state.  Over  the  wet  gauze  are  applied  several  dry  layers,  either  smooth  or 
crumpled  up  according  to  tlie  form  of  the  part.  The  quantity  of  this  must  be 
proportional  to  the  amount  of  discharge  that  is  expected  to  flow  from  the 
cavity.  It  must  be  ari-anged  so  as  to  fill  up  any  natural  hollows  or  irregulari- 
ties of  the  part,  so  that  the  bandages  may  lie  smoothly  and  evevily  over  it. 
T^he  superficial  dressing  is  then  applied.  This  is  composed  of  eight  layers  oi" 
carbolic  gauze,  between  the  two  most  superficial  of  which  is  placed  a  piece 
of  "  hat-lining."  The  object  of  this  is  to  dilfnse  the  discharge  eveidy  through- 
out the  whole"  dressing,  and  to  prevent  its  soaking  through  at  once  opiiosite 
the  wound.  If  uo  "hat-lining"  is  availalile,  of  course  any  other  water- 
proof material  will  act  equally  well.  The  dressing,  which  unist  extend  at 
least  6  or  8  inches  on  ea(-h  side  of  the  opening,  and  furthest  m  that  direc- 
tion in  which  the  dis(;bartre  is  exiiccted  to  drain,  is  secured  in  its  position  l)y  n 
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baudag-e  made  of  the  antiseptic  gauze,  great  care  being  taken  to  secure  the 
edges.  Lastly,  elastic  webbing  from  one  inch  to  two  inches  in  width  accord- 
ing to  circumstances,  must  be  applied  in  such  a  way  as  to  keep  the  edges  of  the 
dressing  constantly  in  contact  with  the  skin,  in  spite  of  any  movement  on  the 
part  of  the  patient.  In  the  case  of  a  dressing  on  a  limb,  a  single  turn 
secured  by  a  pin  at  the  upper  and  lower  end  of  the  gauze  is  all  that  is  required. 
In  other  situations  the  Surgeon  must  exercise  his  ingenuity  in  applying  it  in 
,  such  a  manner  as  to  fasten  the  edges  of  the  dressing  securely  on  the  part.  It 
must,  of  course,  not  be  applied  so  tightly  in  any  case  as  to  interfere  with  the 
circulation.  The  introduction  of  the  few  turns  of  elastic  webbing  in  the 
ai^plication  of  the  dressing  is  an  important  element  in  the  success  of  the 
treatment. 

The  gauze  dressing  thus  applied  acts  antiseptically  in  two  ways  ;  1st, 
mechanically  by  filtering  any  air  which  may  pass  through  it,  and  thus  ex- 

■  eluding  dust ;  and  2nd,  chemically,  by  slowly  yielding  up  to  the  decomposable 
fluids  which  soak  into  it  a  sufficient  quantity  of  carbolic  acid  to  prevent  putre- 
faction. Rest  of  the  wound  is  favoured  by  the  slight  rigidity  of  the  eight 
layers  of  gauze,  by  the  gentle  pressure  of  the  bandage,  and  by  the  comparative 
infrequency  of  the  dressings. 

A  carbolic  gauze  dressing  must  be  changed  at  the  end  of  the  first  twenty-four 
I  hours,  or  sometimes  even  before  this  if  the  discharge  be  very  abundant.  After 
I  this  it  must  be  carefully  watched,  and  if  any  discharge  appear  at  its  edge  it  must 
i  be  again  changed.  The  carbolic  acid  being  very  volatile  at  the  temperature 
'  of  the  body,  the  dressing  gradually  loses  its  antiseptic  properties.  About  the 
!  third  day,  although  the  ordinary  signs  of  putrefaction  are  absent,  Watson 
<  Cheyne  has  shown  that  micrococci  may  make  their  appearance,  and  that  their 
[presence  may  be  accompanied  by  some  fermentative  changes  in  the  discharges 
•  which  render  them  sour  and  somewhat  irritating,  and  in  this  way  primary 
I  union  may  be  interfered  with,  and  suppuration  set  up.  Bacteria  are  only  found 
i  if  the  dressing  completely  fails  and  putrefaction  sets  in.  It  would  seem  that 
;  the  micrococci  are  less  easily  destroyed  by  carbolic  acid  than  the  bacteria,  and 
consequently,  as  the  dressing  begins  to  lose  its  carbolic  acid,  partly  by  volatiliza- 
tion, and  partly  by  solution  in  the  discharges,  they  make  their  appearance, 
Ogston  has  shown  that  in  the  treatment  of  abscesses  the  development  of 
■micrococci  can  be  prevented  by  more  fi-equent  dressings,  and  he  is  of  opinion 

■  that  the  benefit  derived  from  this  is  worth  the  extra  trouble  involved  in  dressing 
••■  more  frequently.  It  is  probable  that  after  the  third  day  a  carbohc  gauze  dressing 
'becomes  too  weak  to  kiU  micrococci,  and  that  by  the  end  of  a  week  it  can  no 
'longer  be  regarded  as  antiseptic  in  any  sense  of  the  word.  It  is  doubtful  if  at 
lany  time  it  is  capable  of  destroying  the  spores  of  a  bacillus. 

In  changing  a  carbolic  acid  dressing  the  spray  may  be  used  by  those  who 
•prefer  it,  but  equal  safety  can  be  obtained  by  irrigating  and  by  covering  the 
wound  with  a  "guard  "  as  much  as  possible  when  the  dressing  is  off. 

The  carbolic  gauze  dressing  has  been  shown  by  experience  to  give  most 
wsatisfactoiT  results,  probably  in  every  way  equal  to  those  obtained  by  any 
•  other  method  at  present  devised  :  but  it  has  se\  eral  disadvantages.  The 
■gauze,  from  being  impregnated  with  paraffin,  is  not  so  absorbent  as  many 
wether  dressings,  and  if  badly  prepared  it  may  cake  into  a  hard  mass,  and  alto- 
■■gether  fail  to  absorb.  It  is  not  safe  to  use  it  as  a  lasting  dressing.  It  occa- 
•■sionally,  but  rarely,  irritates  the  skin,  or  causes  symptoms  of  carbolic  acid 
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poisoning.  It  cannot  be  prepared  by  the  .Surgeon  himself  under  ordinary 
circumstances,  it  gradually  loses  its  virtues  by  keeping,  and  it  is  somewhat 
ex})ensive.  For  these  reasons  it  is  less  frequently  used  now  than  it  was  a  few- 
years  ago,  its  place  being  taken  to  a  very  great  extent  by  the  mercurial  dress- 
ings, or  by  some  form  of  absorbent  wool. 

Eucalyptus  Gauze  (p.  .-^Ol)  and  Thymol  Gauze  have  been  substituted 
for  the  carbohc  in  cases  in  which  the  latter  caused  iri'itation  or  symptoms 
of  poisoning.  They  are  applied  in  the  same  way  as  the  carbolic  gauze,  and 
when  quite  freshly  prepared,  may  be  relied  upon  to  prevent  putrefaction  ; 
but  they  quickly  lose  their  virtue,  owing  to  the  gi'cat  ^olatihty  of  the 
antiseptic. 

The  application  of  various  antiseptic  lotions  on  lint  is  a  common  mode 

of  treatment,  and  is  often  attended  by  very  good  results,  but  if  the  discharge 
be  abundant,  decomposition  is  very  apt  to  occur.  Carbolic  acid  lotion  (1  in 
40)  may  be  used  in  this  way,  but  it  requires  very  fi-equent  changing,  as  the 
acid  rapidly  volatilizes.  It  is,  moreover,  apt  to  irritate  the  wound,  and 
to  interfere  with  union.  Boracic  acid  lint  soaked  in  a  concentrated  solution 
of  boracic  acid  is  less  irritating,  but  it  is  not  a  very  powerful  antiseptic.  The 
addition  of  one- fourth  part  of  glycerine  to  the  lotion  prevents  the  hnt  from 
drying,  but  it  is  rather  a  painful  application  to  a  raw  surface.  Jonathan 
Hutchinson  recommends  the  application  of  a  piece  of  lint  constantly  moistened 
in  the  following  solution  :  Liquor  plumbi  ^ss.,  Sp.  Rect.  3],  Aq.  Oj.  This 
treatment  was  ranch  employed  in  former  times,  and  is  attended  by  excellent 
results.  The  solution  is  powerfully  antiseptic,  and  it  is  cooUng  and  gi-ateful 
to  the  patient.  It  requires,  however,  constant  attention  to  prevent  the  lint 
from  drying,  and  in  this  respect  is  somewhat  troublesome,  especially  in  private 
practice. 

Oil  containing  some  antiseptic  in  solution  is  one  of  the  most  ancient 
forms  of  dressing.  Lint  soaked  m  carholic  oil  (1  in  10),  applied  so  as  to 
extend  for  some  inches  round  the  wound,  may  occasionally  be  useful  in  the 
absence  of  more  convenient  means,  but  it  is  not  a  very  satisfactory  dressing. 
It  is  a  feeble  antiseptic,  and  is  apt  to  stick  to  the  wound  and  become  dry.  It 
should  be  changed  at  least  twice  a  day.  Bryant,  at  Guy's  Hospital,  after 
washing  the  wound  with  a  weak  solution  of  tincture  of  iodine  and  water  (5ij. 
to  Oj.),  applies  lint  soaked  in  a  mixture  of  one  part  of  terebene  to  five  parts 
of  olive  oil,  and  with  this  dressing  he  has  obtained  most  satisfactory  results. 
All  these  modes  of  treatment  involve  somewhat  fi'cquent  dressing,  and  conse- 
quently some  degree  of  disturbance  of  the  wound. 

II.  The  antiseptic  dressings  belonging  to  the  second  group  are  very  numerous. 
They  have  the  following  points  in  common.  First,  the  material  used  is  more  or 
less  elastic,  and  is  applied  in  large  quantity,  and  secured  by  a  bandage  with  some 
•firmness,  so  as  to  exert  a  uniform  pressure  on  the  wound.  This  is  the  principle 
of  (xuerin's  cotton-wool  dressing  already  described  (p.  315).  Secondly,  it  is 
absorbent — the  more  so  the  better — so  that  the  discharges  shall  diffuse  them- 
selves widely  through  it.  Thirdly,  it  is  impregnated  with  some  efficient 
chemical  antiseptic,  which,  becoming  dissolved  in  the  discharges,  prevents 
their  putrefaction.  Fourthly,  the  dressing  is  not  covered  by  any  waterproof 
materia],  free  evaporation  being  encouraged,  so  that  the  discharges,  becoming 
<lry,  may  be  thus  certainly  prevented  from  decomposing,  and  the  wound  may 
Ileal  as  under  a  scab.    FiftUy,  if  the  object  of  the  dressing  is  attained,  and 
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the  discharges  are  completely  absorbed  and  dried,  the  dressing  is  not  changed 
initil  the  wound  is  healed,  unless  it  is  necessary  to  do  so  in  order  to  remove  ii 

I  niinage-tube  or  to  take  out  deep  stitches,  provided  that  the  patient  is  free 
i  rom  pain,  and  that  the  temperature  remains  at  or  near  the  normal  standard. 
I  f  the  discharge  be  very  abundant,  so  as  to  soak  through  the  dressing,  it  of 
rourse  becomes  necessary  to  take  it  off  and  to  re-apply  it,  as  under  such  cir- 

iimstances  the  chemical  antiseptic  would  be  washed  out,  and  decomposition 
would  follow. 

These  dressings,  by  the  uniform  pressui'e  they  exei-t  on  the  wound,  ensure 
.  lerfect  coaptation  of  the  surfaces,  and  tend  to  limit  the  exudation  and  facih- 
r;ite  drainage.  They  maintain  the  most  perfect  rest,  and  a^  oid  the  disturbance 
(if  frequent  dressing.  They  efficiently  prevent  putrefaction  and  infuction,  lirst 
by  the  chemical  antiseptic  they  contain,  secondly  by  drying  the  discharges, 
and  thirdly  by  filtering  the  dust  from  any  air  that  may  circulate  through 
them. 

Dressings  impregnated  with  Perchloride  of  Mercury  are  now  very 
extensively  employed,  both  in  Europe  and  America.  Any  absorbent  substance 
may  in  this  way  be  made  into  an  antiseptic  dressing,  sawdust,  ashes,  sand, 
wood-wool  (p.  199),  cotton-wool,  linen  rags,  peat,  moss,  tow,  jute,  and  many 
other  substances  have  thus  been  made  use  of.  This  is  indeed  one  of  the 
greatest  advantages  of  this  form  of  dressing,  and  one  which  makes  it  specially 
aijplicable  to  military  surgery.  The  antiseptic  can  be  carried  in  the  solid  form, 
occupies  but  little  space,  and  the  Surgeon  can  seldom  be  placed  in  such 
a  position  that  he  cannot  find  some  absorbent  material  with  which  to 
make  his  dressing. 

A  good  example  of  this  form  of  dressing  is  that  adopted  by  Max  Schede  in 
the  Hambm-g  Hospital.  The  material  he  uses  is  dried  moss  (sphagnum). 
This  is  picked  over  to  free  it  fi*om  foreign  matter,  and  then  soaked  for  some 
hom"s  in  a  solution  of  perchloride  of  mercury  (1  in  500).  It  is  then  taken 
out  and  squeezed  as  dry  as  possible,  and  put  into  Ijags  made  of  coarse  muslin 
or  gauze,  which  have  been  similarly  treated.  The  bags  are  of  all  shapes  and 
sizes,  and  about  one  inch  in  thickness.  The  cushions  thus  made  are  kept 
rciidy  for  use  in  a  box  lined  with  glass,  and  are  not  allowed  to  become  quite 
dry.  The  wound  having  been  closed  and  the  drainage-tubes  inserted,  it  is 
first  covered  with  a  thin  layer  of  spun-glass,  taken  freshly  from  a  1  in  1000 
S(jlution  of  perchloride  of  mercury.  Over  this  cushions  of  proper  size  and 
shape  are  apphed,  so  as  to  press  the  surfaces  closely  together,  and  over  all  a 
large  cushion  firmly  secured  by  a  baudage,  which  has  also  been  disinfected 
with  the  sublimate  solution.  The  early  discharge  washes  the  mercury  out  of 
the  spun-glass,  and  then  forms  with  it  a  collodion-like  covering  to  the  wound. 
The  dressing  is  now  allowed  to  dry,  and  if  all  goes  well  it  is  not  moved  till  the 
seventh  day,  when  the  draiuage-tube  is  removed.  A  second  dressing  is  then 
applied,  and  left  on  till  the  wound  is  healed.  If  no  drainage-tube  has  been 
inserted,  one  di'essing  only  is  required.  According  to  Schede,  this  dressing 
very  rarely  irritates  the  skin.  In  impregnating  cotton-wool  he  adds  1  part  in 
10  of  glycerine  to  the  mercurial  solution.  This  increases  the  absorbing  powej- 
of  the  wool.  The  results  of  this  dressing  have  been  very  satisfactory.  The 
antiseptic  used  is  of  sufficient  strength  to  destroy  not  only  the  ordinary  bacteria 
of  putrefaction,  but  also  the  spores  of  bacilli. 

.   Sublimate  Wood-wool  is  applied  in  the  same  way  as  the  moss.    The  material 
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is  sold  ready  prepared.  It  is  very  absorbent  aud  elastic,  and  makes  an  excel- 
lent dressing. 

The  Sal  Alembroth  Gauze  and  Wool  ( j).  2ou),  introduced  by  Sir  Joseph 
]jister,  have  lately  been  used  to  some  extent  and  with  good  results  iu  most 
cases.  The  gauze  is  elastic  in  mass  and  very  absorljent.  The  dressing  is 
thus  applied.    A  piece  of  the  gauze  al)0ut  four  layers  thick  is  (li])])ed  in  a 

1  ill  iOW)  solution  of  perchloride.  This  Avashes  out  the  sal  aleinbroth,  and 
leaves  the  gauze  aseptic  and  quite  free  from  irritating  properties.  This  piece 
of  gauze  squeezed  as  dry  as  possible  is  applied  next  the  wound.  Over  this  a 
mass  of  the  gauze  some  ten  or  twenty  layers  thick  is  applied,  and  <»ver  tliat 
again  the  wool.    The  whole  is  secured  by  a  bandage.    The  wool,  containing 

2  per  cent,  of  the  salt,  might  irritate  the  skin  if  applied  directly  to  it.  'Wq 
chief  fault  of  the  dressing  is  that  it  will  not  deal  satisfactorily  with  large 
quantities  of  discharge.  Owing  to  the  great  solubility  of  the  sal  alembroth  it 
is  readily  washed  away  and  thus  the  dressing  may  fail  as  an  antiseptic.  If 
the  discharge  is  small  in  amount  and  dries  in  the  dressing,  the  result  is  all 
that  can  be  desired. 

Salicylic  Wool,  Salicylic  Jute  and  Tow,  Salicylic  Silk,  Iodoform 
Wool,  are  all  applied  in  the  same  way  as  Cluerin's  cotton-wool  dressing 
(p.  ol5),  from  which  they  dift'er  only  in  the  presence  of  the  chemical  anti- 
septic. The  salicylic  and  iodoform  wools  have  been  extensively  used  at 
UniA-ersity  College  Hospital  during  the  last  few  years  with  the  most  saris- 
factory  results,  the  wounds  frequently  heaUng  under  a  single  dressing.  In 
operations  in  which  a  prolonged  discharge  of  small  amount  may  be  expected, 
as  in  those  for  carious  bone,  it  is  often  convenient  to  apply  a  piece  of  protective 
oiled  silk  over  the  v.  ound  to  prevent  scabbing  which  might  hinder  the  escape 
of  any  pus  or  serous  fluid. 

Carded  Oakum,  Tenax  or  Marine  Lint  is  a  cheap  antiseptic  dressing, 
but  it  is  not  adapted  for  direct  application  to  a  wound,  as  it  is  too  irritating. 
It  may,  however,  be  applied  over  one  of  the  absorbent  dressings  aboA'e  men- 
tioned in  order  to  economise  the  more  expensive  material. 

Iodoform  Treatment  of  Wounds  was  first  introduced  in  Vienna  in 
Billroth's  wards,  and  is  still  much  used  there,  according  to  J^Iosetig  v. 
Moorhof,  with  the  most  satisfactory  results.  It  is  thus  carried  out.  In 
the  case  of  an  operation  the  instruments  may  be  disinfected  with  carbolic 
acid,  and  the  sponges  washed  in  some  weak  antiseptic  solution,  but  this 
is  not  regarded  as  essential.  The  bleeding  is  arrested  by  catgut  ligatures 
or  torsion,  and  the  wound  cleaned.  The  raw  surfaces  are  then  freely 
dusted  with  finely  powdei-ed  iodoform,  drainage-tubes  are  inserted,  and  sutures 
applied  in  the  usual  way.  The  external  dressing  is  composed  of  any 
absorbent  material,  such  as  gauze,  wool,  moss,  itc,  which  may  be  impregnated 
with  iodoform  :  but  for  prevention  of  sepsis  reliance  is  placed  rather  on  the 
iodoform  in  the  wound  than  on  that  in  the  dressing.  The  advantages  claimed 
for  this  treatment  are,  that  it  relieves  pain  by  the  anodyne  action  of  the 
iodoform,  that  it  is  simple  and  efficient,  and  that  the  portable  nature  of  the 
antiseptic  makes  it  applicable  in  military  surgery  and  in  country  practice. 
On  the  other  liand  the  antiseptic  properties  of  iodoform  have  been  denied,  it 
has  been  said  to  fail  entii-ely  in  the  prevention  of  erysipelas,  and  to  be  liable 
when  used  in  this  way  to  give  rise  to  iodoform-poisoning.  That  iodoform 
does  possess  powerful  antiseptic  properties  can  hardly  be  doubted.    In  open 
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wounds  with  loss  of  substauce  which  cannot  be  treated  by  the  methods  before 
described,  such  as  those  left  after  removal  of  the  tongue  or  after  operations  on 
the  anus  and  rectum,  its  effect  in  preventing  putrefaction  is  undoubted,  and 
there  is  no  more  efficient  antiseptic  application.  In  excision  of  the  tongue  its 
use  has  reduced  the  death-rate  to  less  than  half  of  Avhat  it  was.  In  such  cases 
it  is  invaluable  ;  but  in  clean  wounds  which  can  be  accurately  brought  to- 
gether the  iodoform  can  only  be  regarded  as^  a  foreign  body,  the  introduction 
of  which  is  not  necessary.  If  not  used  in  too  great  quantity,  however,  it  does 
not  interfere  with  primary  union.  Mosetig  v.  Moorhof  states  that  he  has  very 
rarely  observed  any  symptoms  of  poisoning.  When  it  does  occur  he  asserts 
that  it  is  almost  invariably  due  to  one  of  three  causes.  First,  to  the  simul- 
taneous use  of  carbolic  acid,  which  he  believes  interferes  with  the  elimination 
of  the  iodoform  by  the  kidney.  Secondly,  the  nse  of  excessive  quantities, 
especially  in  fat  subjects,  iodoform  being  soluble  in  fats  ;  and  thirdly,  to  the 
presence  of  kidney  disease  or  fatty  heart.  That  it  fails  in  the  prevention  of 
erysipelas  is  probably  true.  Its  unpleasant  smell  is  also  no  slight  disadvan- 
tage. Taking  everything  into  consideration,  it  may  be  said  that  the  iodoform 
dressing  is  a  reliable  method  of  treating  wounds,  and  in  many  cases  is  the  most 
convenient  that  can  be  adopted. 

The  methods  of  treatment  here  recommended  are  all  of  established  utility, 
but  numberless  others  have  been  tried  and  abandoned,  or  are  at  present  being 
tested  ;  and  probably  we  have  not  yet  discovered  either  the  best  antiseptic  or 
the  best  mode  of  dressing.  The  tendency  of  the  present  time  is  in  favour  of 
some  of  the  forms  of  lasting  absorbent  dressing  impregnated  with  some  efficient 
antiseptic.  The  Surgeon  should  make  himself  familiar  with  various  methods 
of  treatment,  and  employ  that  which  seems  most  suitable  to  the  case.  It  can 
rarely  happen  in  civil  practice  that  he  is  so  situated  as  not  to  be  able  to  adopt 
some  efficient  antiseptic  treatment  provided  that  he  has  mastered  the  principles 
upon  which  that  treatment  is  founded. 

Inflammation  of  Incised  Wounds. — As  before  pointed  out,  a  certain 
degree  of  inflammation  is  a  necessary  part  of  the  healing  of  a  wound  by  first 
intention.  This  should,  however,  be  strictly  limited  to  the  tissues  actually 
injured  by  the  instrument  which  produced  the  wound,  and  should  be  very 
temporary  in  character.  The  simple  traumatic  inflammation,  although  patho- 
logically of  such  great  importance,  is  clinically  so  shghtly  marked  by 
symptoms  that  it  is  frequently  ignored  ;  and  when  we  say  that  a  wound 
is  "inflamed,"  we  mean  that  some  cause  of  inflammation  other  than  the 
oi-iginal  injury  has  been  introduced,  which  is  causing  the  process  to  extend 
beyond  the  area  actually  injured  by  the  cutting  instrument.  The  causes  of 
such  inflammation  have  already  been  so  fully  discussed  that  we  need  do 
no  more  here  than  recapitulate  them.  They  are  predisposing  and  direct. 
The  predisposing  causes  are  the  same  as  those  of  inflammation  in  general 
(see  page  162).  The  most  important  of  these  for  wounds  are  :  chronic 
!  alcohoHsm,  insufficient  and  improper  food,  Bright's  disease  and  diabetes, 
1  scurvy,  &c.,  and  local  malnutrition  from  disease  of  the  arteries.    The  direct 

•  causes  are  mechanical,  as  friction  from  want  of  rest,  tension  from  tight 

•  stitches  or  from  insufficient  drainage,  or  pressure  from  tight  bandaging  ; 
chemical,  as  the  persistent  contact  with  the  raw  surface  of  an  irritating  anti- 

'  septic  or  the  products  of  putrefaction  :  and  lastly,  the  true  infective  poisons, 
as  those  of  erysipelas,  pytemia,  hospital  gangrene,  &c.    In  the  vast  majority 
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of  cases  in  which  a  wound  "  inflames,"  the  immediate  cause  is  the  presence  oi' 
jnxtrid  discharges  with  insufficient  drainage. 

When  a  wound  becomes  "inflamed,"  the  natural  sliglit  swelling  and  redness 
of  the  lips  hecoines  exaggerated  and  extends  further  from  the  edges  than  it 
should,  and  instead  of  tending  to  subside  after  the  first  twent^'-four  hours,  it 
continues  to  extend  to  the  third  day  or  even  later.  The  serous  discharge, 
instead  of  ceasing  on  the  second  day,  continues  to  flow  and  may  increase  con- 
siderably in  quantity,  nnd  gradually  by  the  third  or  fourth  day  assumes  a 
distinctly  puriform  character.  Instead  of  the  perfect  painlessness  of  a  healthy 
wound,  there  is  throbbing  tensive  pain  with  acute  tenderness.  The  tempera- 
ture rises  to  101° — 104°  F.  according  to  the  size  of  the  wound  and  the 
cause  of  the  inflammation.  In  all  cases  the  thermometer  gives  timely  warning 
of  the  approach  of  this  traumatic  fever.  The  use  of  this  instrument  in  surgical 
practice  is  attended  with  great  advantage,  as  it  often  fiu'uishes  the  earliest 
indication  of  the  onset  of  some  of  the  more  serious  sequelee  of  wounds.  The 
other  symptoms  of  fever,  hot  skin,  quicl^:  pulse,  thirst,  &c.,  are  also  present. 
In  these  circumstances  all  chance  of  union  by  the  first  intention  is  of  course  at 
an  end  ;  some  or  all  of  the  sutures  should  be  immediately  removed  to  facilitate 
drainage  and  relieve  tension,  and  strips  of  plaster  may  be  used  for  support  only 
and  not  for  the  purpose  of  maintaining  contact  of  the  surfaces  in  the  hope  of 
obtaining  union.  If  the  wound  is  aseptic,  which  is  rarely  the  case,  the  relief  of 
tension  alone  may  suffice  to  mitigate  the  symptoms ;  if  the  discharges  are  decom- 
posing, some  warm  moist  and  antiseptic  application  should  be  used.  The  best  of 
these  is  boracic  acid  lint,  or  simple  lint,  three  or  four  layers  thick,  moistened  in 
a  solution  of  boracic  acid,  and  applied  as  hot  as  the  patient  can  bear  it.  The 
surface  of  the  lint  next  the  wound  may  be  sprinkled  with  iodoform  to  render 
it  more  antiseptic.  It  must  be  covered  with  oiled  silk  and  cotton- wool,  and 
changed  every  four  hours.  If  this  be  not  available,  a  small  quantity  of  carbolic 
acid  (about  1  to  .50)  may  be  added  to  the  warm  water,  and  applied  on  lint:  or 
a  hot  solution  containing  two  grains  of  chloride  of  zinc  to  the  ounce  may  be 
used.  Simple  warm-water-dressiugs  and  poultices  should  be  avoided,  as  they 
tend  so  powerfully  to  encourage  putrefaction.  If  the  discharge  is  very  abun- 
dant, the  actual  wound  may  be  protected  with  a  piece  of  lint  dipped  in  carbolic 
oil  (1  in  10),  and  the  whole  part  surrounded  with  a  mass  of  oakum  wnmg  out 
of  hot  water,  and  applied  like  a  hot  fomentation.  If  the  wound  be  at  aU  foul, 
the  cavity  must  be  syringed  out  at  each  dressing  with  some  antiseptic  solution, 
or  a  small  quantity  of  iodoform  may  be  powdered  into  it. 

When  the  signs  of  acute  inflammation  have  subsided,  striiis  of  lint  diii]ied 
in  the  lead  lotion  (p.  322),  and  applied  like  straps  to  bring  the  surfaces 
together,  will  be  found  a  very  useful  dressing.  AVhen  granulations  have  sprung 
up  and  suppuration  has  fairly  set  in — that  is  to  say,  by  about  the  tenth  day— 
the  granulating  surfaces  may  if  iiossiblc  be  brought  together  again  by  plasters 
and  bandages,  with  a  view  to  their  uniting  by  "  secondary  adhesion."  If  this 
should  be  impossible,  the  raw  surface  becomes  a  "  healthy  granulating  sore," 
and  must  be  treated  in  accordance  witli  the  principles  that  guide  us  in  the 
management  of  ulcerated  surfaces  (p.  264  et  scq.).  During  the  period  of  sup- 
puration, the  patient's  strength  must  be  well  sujiported  by  proper  diet,  and  his 
ireneral  health  carefuUv  attended  to. 

Inflammation  may  occur  at  a  later  period  of  the  case,  owing  to  a  iailure  ni 
the  drainage,  and  the  accumulation  of  septic  matter  in  the  cavity,  or  to  the 
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infectioa  of  the  wound  with  ouo  of  the  specific  infective  processes,  as  hospital 
gangrene,  erysipelas,  woimd-diplitheria,  &c.  Under  these  circumstances  any 
union  that  may  have  taken  place  breaks  down.  The  symptoms  and  treatment 
if  the  specific  inflammation  will  be  fully  described  in  the  chapters  specially 
(levoted  to  them.  Inflammation  from  accumulation  of  decomposing  discharges 
must  be  treated  by  partially  opening  up  the  wound  and  re-inserting  the 
drainasre-tubes. 

CONTUSED    AND    LACEKATED  WOUNDS. 

These  may  be  defined  as  wounds  that  are  attended  by  more  or  less  bruising 
.  ir  tearing  about  the  edges  and  sides  ;  presenting  every  possible  variety  in  the 
(legTee  of  contusion  and  of  wound,  from  a  cut  on  the  shin  to  the  crushing  and 
laceration  of  a  limb  by  a  cannon-shot.  They  are  commonly  inflicted  by  blunt 
instruments,  as  by  stones,  bludgeons,  &c.  Lacerations  by  machinery,  in  which 
parts  are  torn  off  or  crushed,  the  bites  and  gorings  of  animals,  and  gun-shot 
injiu'ies  of  all  kinds,  come  under  this  denomination. 

Characters. — Whatever  their  mode  of  infliction,  these  wounds  present 
certain  characters  in  commoii.  Their  lips  are  iiTegular  and  torn,  less  gaping 
than  incised  wounds,  and  surrounded  by  more  or  less  ecchymosis.  There  is 
usually  but  httle  haemorrhage,  and  the  pain  is  of  an  aching  or  dull  character. 

They  differ  from  incised  wounds  in  the  fact  that  a  distinct  layer  of  tissue 
injured  by  the  instrument  which  inflicted  the  wound  is  actually  killed,  and, 
if  of  any  thickness,  must  be  separated  and  thrown  off,  as  a  slough,  before  union 
can  take  place.  No  sharp  line  can,  however,  be  drawn  between  the  different 
kinds  of  wounds.  Some  wounds,  which  from  their  mode  of  infliction  and 
appeai-ance  would  be  classed  as  lacerated,  are  in  reality  capable  of  uniting  by 
first  intention,  the  layer  of  dead  tissue  being  either  microscopic  or  wanting. 
This  is  especially  the  case  in  vascular  parts,  such  as  the  scalp  and  face.  In 
other  cases,  a  wound  apparently  similar  may  slough  for  a  considerable  distance 
on  each  side. 

In  consequence  of  the  sloughy  state  of  their  hps  and  sides,  the  majority  of 
contused  and  lacm-ated  wounds  unite  hy  ilie  second  intention. 

Contused  and  lacerated  wounds  present  peculiarities  according  to  the  mode 
of  their  infliction.  When  they  are  occasioned  by  the  bite  of  a  large  animal, 
the  part  injured  becomes  very  painful,  and  inflames  extensively ;  the  wound 
being  lacerated,  much  contused,  and  often  penetrating  deeply.  It  sloughs  in 
consequence  of  the  pressure  to  which  it  has  been  subjected,  and  of  the  shaking 
and  tearing  of  the  part  by  the  animal.  When  inflicted  by  the  tusk  or  horn  of 
an  animal,  the  wound  is  extensively  lacerated  rather  than  contused,  and  often 
partakes  of  the  nature  of  a  punctured  wound. 

Wlien  a  part  of  the  body  is  torn  off,  the  w(jund  presents  peculiar  characters  ; 
which  diffei',  however,  according  as  the  separation  is  effected  at  the  part  struck 
or  seized,  or  at  a  distance  from  it.  In  the  first  case — as  when  a  cannon-ball 
oan-ies  off  a  limb,  or  an  arm  is  caught  in  a  machine  of  any  kind  and  crushed 
or  torn  off — the  stump  presents  a  ragged  surface,  the  skin  being  stripped 
away  higher  than  the  other  parts,  the  tendons  hanging  out,  and  the  bellies  of 
the  muscles  that  are  torn  across  being  swollen,  protruding,  and  apparently 
constricted  by  the  lacerated  integnment.  A  most  important  condition  in  such 
wounds  is  the  state  of  the  vessels  ;  these  are  separated  lower  down  than  tlie 
other  parts,  for,  being  elastic,  they  elongate  and  pull  out  before  they  give  way. 
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There  is  no  hasmoi-rhage,  because  the  inuev  and  middle  coats  of  the  artery, 
breaking  ofiF  short,  retract  and  contract  to  a  small  aperture,  and  allow  the 
external  coat  to  be  dragged  down  and  twisted  over  them,  in  such  a  way  as  to 
olfer  a  complete  barrier  to  the  escape  of  blood.  The  bone  is  cra'^hed  off  at  the 
end  of  the  conical  stump,  of  which  it  forms  the  apex,  and  is  often  split  up  to 
the  next  joint  above. 

Occasionally,  when  parts  are  pulled  olf,  they  are  separated  at  a  distance  fi'om 
the  point  seized.  Thus,  fiugei's  that  have  been  torn  oif  by  machinery  have 
their  extensor  and  flexor  tendons  separated  higher  up,  at  their  junction  with 
the  belly  of  the  muscle,  and  not  at  the  part  seized  :  the  tendon  being  drawn 


Fig.  102.— Ring  Finger  torn  off,  wiUi  Fig.  103.- Tlniiiil)  torn  ofl',  with 

deep  Flexor  Tendon.  Tendon  .nttaclicd. 

out  of  its  sheath,  and  hanging  on  to  the  separated  end  in  a  ribbon-like 
manner. 

This  peculiar  tearing  away  of  the  tendou  from  its  attachment  to  the  nmsclc 
and  not  across  the  line  of  laceration  of  the  limb,  was  described  by  several 
writers  in  the  Memoirs  of  the  Academy  of  Surgery  of  Paris  in  the  middle  of 
the  last  century,  and  the  accompanying  figures,  102, 103,  taken  fi'om  Morand's 
paper,  illustrate  well  this  very  singular  injiuy.  In  railway  accidents,  when  a 
train  has  passed  over  a  limb  without  com])letely  .separating  it,  the  muscles 
may  be  found  detached  from  their  origins. 

Progress.— In  the  progress  of  a  contused  or  lacei-ated  wound  there  are  two 
distinct  periods  :  1,  that  of  the  seiiaration  of  the  slough  produced  l)y  the  con- 
tusiou  ;  2,  that  of  repair  by  granulations  of  the  cliasra  left.    The  ja-occss  by 


CONTUSED   AND   LACERATED  WOUNDS. 


329 


wliich  a  slough  is  separated  has  been  ah-eady  described  on  p.  260,  and  that  of 
I'cpair  by  granulation  011  p.  28."). 

The  Extent  of  the  Slough,  depends  uot  only  upon  the  extent  and  severity, 
lint  also  upon  the  situation  of  the  injury.  If  the  parts  around  the  wound  be 
much  bruised,  superficial  sloughing  to  a  great  extent  may  occur  ;  if  the 
\\ound  be  deep  though  not  extensive,  there  will  always  be  danger  of  deep 
>iippuration  aud  Imrrowing  of  matter,  leading  to  troul)]esome  sloughing,  and  in 

■  some  cases  to  secondary  hseuioiThage.  These  wounds  that  are  situated  imme- 
diately over  bony  points — as  the  shin  and  elbow — are  especially  tedious,  as  the 
slough  frequently  implicates  the  fasciae,  and  therefore  separates  slowly.  The 
scalp,  owing  to  its  great  vascularity,  has  less  tendency  to  slough  than 
any  other  part  of  the  cutaneous  surface.  In  all  cases  of  contused  and 
lacerated  wounds,  in  which  sloughijig  and  suppuration  follow  the  injury, 
there  is  a  greater  liabiHty  to  the  supervention  of  erysipelas  than  in  cleanly- 
cut  incised  wounds.  In  most  contused  wounds  the  extent  of  the  slough  is, 
to  a  certain  extent,  influenced  by  treatment.  On  each  side  of  the  wound, 
beyond  the  layer  of  tissue  actually  killed,  is  an  area,  frequently  of  cou- 
siderable  extent,  in  which  the  tissues  are  damaged  and  hovering  between  life 
and  death,  and  any  additional  iiritiition  will  suffice  to  extinguish  the  I'emains 
of  vitality.  Thus,  if  such  a  wound  be  tightly  sewn  up,  the  tension  of  the 
stitches  will  inevital)ly  cause  sloughing  in  the  wbole  doubtful  area.  The 
irritation  of  decomjiosing  discharges  is  another  most  potent  cause  of  extension 
of  the  area  of  death,  and  in  fact,  it  is  in  such  wounds  much  more  than  in 
clean-cut  incisions,  that  the  immense  benefit  of  some  form  of  antiseptic 
treatment  is  most  clearly  recognized.  In  primary  ainputations  for  contused 
and  lacerated  wounds  it  fi-equently  happens  that  the  incisions  pass  through 
this  doubtful  area,  and  the  extra  injury  thus  done  determines  the  death  of 
the  part,  even  though,  at  the  time,  it  may  have  appeared  uninjured. 

The  chief  danger  to  be  apprehended  in  wounds  of  this  description  is  the 
:  supervention  of  Gangrene,  which  may  occur  in  three  ways  : — 

1.  In  some  cases  the  violence  done  to  the  part  is  so  great  as  directly  to  kill 
its  whole  substance.    Thus,  if  a  limb  be  crushed  to  pulp  by  machinery,  or  by 
the  passage  of  a  hea^^  waggon  over  it,  the  vitality  of  the  part  is  destroyed, 
.  and  it  will  speedily  fall  into  a  state  of  putrefactive  decomposition.    This  is  a 
local  traumatic  mortification,  evincing  no  disposition  to  spread  beyond  the 
1  part  injured,  but  being  bounded  by  a  line  of  demarcation  along  which  it  will 
^separate.    It  is  not  always  easy  to  distinguish  this  direct  form  of  gangrene 

■  from  such  discoloration  and  disorganization  of  a  limb  as  are  still  compatible 
>  with  life.    In  all  cases  of  doubt  the  Surgeon  must  wait,  and  a  very  short 

time— a  few  hours— \Aill  be  sufficient  to  declare  whether  the  vitality  of  the 
I  part  can  be  maintained  or  not.  In  cases  of  much  doubt  an  incision  might 
*  be^  made  into  the  part,  and  the  true  state  of  things  thus  ascertained  ;  but 
t  this  should  not  be  done  if  it  can  possibly  be  aA'oided,  and  if  undertaken  the 

most  rigid  antiseptic  treatment  should  be  adcjpted,  as  the  decomposition  of 

the  extravasated  blood  in  the  tissues  of  the  bruised  jmrt  would  inevitably 
•extmguish  such  vitality  as  remained.    In  many  cases  it  is  a  good  plan  to 

disinfect  the  part  carefully,  dress  it  antisoptically,  and  wait  for  the  line  of 
■demarcation  between  the  dead  and  living  parts  to  form  before  undertaking 
^ any  operation.  " 
■     2.  The  injury  may  damage  the  great  vessels  of  a  limb  to  such  an  extent  as 
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to  interrupt  the  circulation  :  gtmgi'cne  being  thus  induced  in  the  parts 
supplied  hj  them.  This  form  of  gangrene  we  shall  have  occasion  to  treat  of 
when  speaking  of  Injuries  of  the  Arteries. 

3.  The  true  "  spreading  gangrene,"  the  most  fatal  variety  of  mortification, 
is  most  commonly  the  result  of  severe  contused  and  lacerated  wounds,  particu- 
larly when  comphcated  with  fractures.  This  is  a  most  acute  infective  iniiam- 
mation,  terminating  rajiidly  in  gangrene,  and  will  be  described  w^ith  the  other 
infective  processes  occurring  in  wounds. 

Treatment  op  Contused  and  Lacerated  Wounds. — In  the  treatment  of 
the  slighter  form  of  these  injuries,  we  must  bear  in  mind  the  occurrence  of  the 
two  distinct  periods  :  ] ,  that  of  the  separation  of  the  sloughs  ;  and  2,  that  of 
granulation.  There  is  also  in  all  injuries  of  this  description  a  special 
tendency  to  the  occurrence  of  erysipelas  and  allied  diseases. 

Care  must  be  taken  to  clean  the  parts  thoroughly  from  foreign  Ijodies  tliat 
are  fi'cquently  impacted  or  ground  into  tliem.    However  contused  and  torn  a 
flap  of  skin  may  be,  it  should  never  be  removed,  provided  it  maintain  any 
attachment  to  the  neighbouring  tissues,  but  should  be  replaced  on  the  chance 
of  its  vitality  being  preserved.    If  it  hve,  as  it  will  often  do.  especially  about 
the  scalp  and  face,  under  apparently  the  most  discouraging  circumstances, 
much  will  be  gained  :  if  it  slough,  no  harm  can  result  from  the  attempt  to 
preserve  it.    There  are  cases  on  record  in  which  parts  that  have  been  even 
completely  separated  have  become  attached,  by  being  immediately  reapplied  to 
the  surface  from  which  they  had  been  torn  or  cut.    Whether  or  not  this  be 
actually  the  case  in  contused  or  lacerated  wounds,  it  is  at  all  events  certain 
that  a  very  small  tongue  of  skin  is  sufficient  to  maintain  the  vitality  of  a 
part.    This  we  see  exemplified  in  the"  operation  for  the  restoration  of  a 
lost  nose  ;  and  cases  have  occurred  to  me  in  which  the  nose,  nearly  cut  off, 
being  retained  only  by  a  portion  of  one  ala,  has  readily  united  on  being 
replaced  ;  so  likewise,  in  bad  cases  of  compound  dislocation  of  the  fingers, 
the  part  has  been  saved,  though  merely  attached  by  a  narrow  bridge  of  skin. 
After  a  part  has  been  replaced  in  this  way,  it  should  be  retained  in  situ  by 
a  few  points  of  interrupted  suture,  and  dressed  with  boracic  acid  ointmeut 
spread  on  thin  muslin  or  some  other  unirritating  antiseptic  application.  In 
lacerated  w^ounds  opening  into  the  mouth  or  nose  a  piece  of  lint  soaked  in 
collodion  may  be  applied  externally,  as  there  will  be  ample  drainage  from^  the 
internal  aspect  of  the  wound.    The  sutures  in  these  cases  must  be  left  in  for  a 
somewhat  longer  time  than  usual,  until  good  union  has  resulted.  The 
hsemorrhage,  as  before  mentioned,  is  as  a  rule  easily  controlled  :  position, 
application  of  cold,  and  the  subsequent  bandaging  being  sufficient  in  the 
majority  of  cases.    When,  however,  the  blood  is  bright-coloured  and  continues 
to  drip  from  the  wound,  a  vessel  of  some  size  has  been  divided:  this  should 
be  searched  for,  and  secured  by  torsion  or  ligature. 

Ordinary  cases  of  contused  or  lacerated  wounds,  whether  superficially  exten- 
sive or  deep,  are  best  treated  on  exactly  the  same  principles  as  incised  wounds. 
Although  we  cannot  hope  for  union  by  the  first  intention,  rest  is  necessary  to 
favour  such  union  as  may  occur,  and  to  relieve  the  iiatient  from  pain  ; 
drainage  requires  special  attention,  as  the  injury  l)eing  more  severe,  the  early 
exudation  frf)m  the  wound  will  be  more  abundant ;  and  the  prevenimi  oj 
decomposition  becomes  of  the  greatest  importance,  as  the  irritation  of  putna 
matter  might  extinguish  the  vitality  in  tissues  which  would  otherwise  have 


CONTUSED   AND   LACERATED  WOUNDS. 


331 


recovered.  In  treating  such  wounds  by  the  antiseptic  method  exactly  tlio 
same  proceedings  must  be  adopted  as  in  an  accidental  incised  wound  (p.  307), 
liut  greater  care  is  necessary  in  cleaning  the  wound  with  the  lotion  on 
account  of  its  in-egular  nature.  If  there  is  no  chance  of  union  at  any  part, 
it  is  better  not  to  insert  stitches  ;  for,  as  it  must  heal  by  granulation  after 
the  separation  of  the  sloughs,  nothing  can  be  gained  by  their  use,  and  they  may 
seriously  impede  the  drainage.  There  is  no  class  of  wounds  in  which  the 
benefits  of  antiseptic  treatment  are  moi-e  marked  than  in  these.  Under  its 
use  the  sloughs  may  separate  with  scarcely  any  suiDpuration,  and  the  inflam- 
mation accompanying  tlie  process  may  not  extend  a  tenth  of  an  inch  beyond 
the  dead  tissue  ;  and  all  this  may  occur  without  any  general  febrile  disturbance. 
In  contused  and  lacerated  wounds  of  the  hand  or  foot,  in  which  the  parts  are 
often  extremely  dirty,  it  is  safer  to  put  the  limb  in  a  bath  of  carbolic  acid 
lotion  (1  in  40)  for  about  a  quarter  of  an  hour  liefore  applying  the  dressing 
in  order  to  ensure  thorough  asepticity. 

Should  the  antiseptic  dressing  fail,  or  should  the  case  not  be  seen  till 
decomposition  has  commenced.  Disinfectants  must  be  freely  used.  The  wounds 
must  be  washed  or  syringed  out  several  times  a  day  with  weak  solutions 
of  perchloride  of  mercury,  1  in  5000,  chloride  of  zinc,  permanganate  of 
potash,  or  carbolic  acid.  In  this  way  sloughs  and  decomposing  pus  may  be 
removed,  and  the  tendency  to  local  inflammation  of  a  spreading  character, 
and  to  the  development  of  pyEemia,  averted.  There  is  no  more  fertile 
cause  of  these  disastrous  eflFects  than  the  retention  of  foetid  decomposing 
pus  in  the  areolar  tissue  of  a  contused  wound.  The  separation  of  the 
sloughs  must  be  facilitated  by  the  application  of  warmth  and  moisture, 
which  serves  also  to  subdue  local  inflammation.  Boracic  acid  lint,  moisteiied 
with  hot  boracic  lotion  and  covered  with  oiled  silk  and  cotton-wool,  is  one  of 
the  best  of  all  applications.  It  is  a  most  efficient  antiseptic,  easily  applied, 
and  perfectly  clean.  If  the  wound  becomes  foul,  the  surface  may  be  sprinkled 
with  iodoform  in  crystals.  Carded  oakum,  moistened  in  hot  water  and 
covered  with  oiled  silk,  answers  the  purpose  tolerably  well ;  it  is  cheap  and 
antiseptic,  but  dirties  the  skin.  Linseed  meal  poultices  should  always  be 
avoided  ;  they  encourage  putrefaction  and  greatly  increase  the  suppuration, 
the  evil  they  do  in  this  way  more  than  counterbalancing  ajjy  comfort  the 
patient  may  experience  from  their  application. 

About  the  period  at  which  the  slough  begins  to  be  loosened,  there  is  danger 
of  the  occurrence  of  haemorrhage,  if  a  large  artery  have  been  implicated  in 
the  injury.  When  ha3inorrhage  occ;u-3  in  this  way,  it  usually  sets  in  from  the 
sixth  to  the  twelfth  day,  and  may  be  speedily  fatal  ;  the  treatment  should  be 
the^same  as  that  to  be, hereafter  described  for  secondary  hemorrhage  after 
ligature  of  an  artery  in  its  continuity.  After  the  sloughs  have  separated,  an 
ulcer  is  left,  which  must  be  treated  on  general  principles. 

Amputation. — In  the  more  severe  cases  of  contused  or  lacerated  wounds, 
any  attempt  at  saving  the  part  may  be  hopeless ;  then  the  patient's  only  chance 
lies  in  ampuf/iiion.  In  determining  the  expediency  of  operation,  two  questions 
'  present  themselves  :  1,  the  nature  of  the  cases  in  M'hich  amputation  should  be 
performed  ;  and,  2,  the  time  at  which  it  should  be  done,  whether  immediately 
after  the  infliction  of  the  injury,  or  subsequently. 

It  is  difficult  to  lay  down  more  than  very  general  rules  as  to  the  /cind  of 
cmes  that  require  ampvtation  ;  much  depending  on  the  age,  constitution,  and 
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previous  habits  of  the  patient.  Jn  any  case  the  Surgeon  should  be  careful  not 
to  condemn  a  limb  which  there  seems  to  be  a  fair  chance  of  saving. 

As  a  general  rule,  severe  injuries  are  more  i*eadily  recovered  fi'oni  in  the 
young  than  in  the  old,  their  ^-itality  being  greater,  and  their  tendency  lo 
consecutive  diseases  less.  Much  will  depend  upon  the  habits  of  the  patient, 
or  upon  the  existence  of  visceral  disease  at  the  time  of  the  injury.  In  persons 
who  have  been  free  livers,  and  who  have  that  peculiar  ii-ritability  of  system 
conjoined  with  deficient  power  commonly  observed  in  such  subjects,  aud  niore 
especially  if  there  be  disease  of  the  liver  or  kidneys,  contused  and  lacerated 
Avounds  are  apt  to  be  followed  by  the  worst  forms  of  erysipelas  and  gangrenous 
cellulitis,  and  thus  to  be  speedily  fatal.  Injuries  of  the  upper  extremity  are 
less  serious  than  those  of  the  lower;  its  supply  of  blood  being  proportionately 
greater.  In  some  contused  wounds  of  the  arm  aud  hand,  as  in  bad  lacera- 
tions ^^dth  fracture  about  the  shoulder,  elbow,  or  metacarpus,  resection  of  the 
injured  part  may  be  performed  instead  of  amputation  of  the  limb. 

Though  there  must  be  in  many  cases  a  doubt  as  to  the  necessity  of 
amputation,  there  are  certain  conditions  in  which  the  Surgeon  need  never 
hesitate  to  perform  this  operation,  as  the  only  chance  of  saving  the  patient's 
life.  The  following  are  the  cases  of  severe  contusion  aud  laceration  in  which 
the  limb  should  be  amputated  :  either  with  the  view  of  preventing  the  occur- 
rence of  gangrene,  or  in  order  to  remove  a  mortified  part  from  the  body,  and 
thus  to  save  the  life  of  the  patient  at  the  expense  of  the  injured  limb. 

1.  If  a  hmb  ha\-e  been  torn  olf  by  machinery,  carried  away  by  a  cannon-ball, 
or  cut  oif  by  the  passage  of  a  railway-train  over  it,  the  irregular  and  conical 
stump  should  be  amputated. 

2.  If  the  whole  thickness  of  a  limb— the  soft  parts  and  the  bones— be 
thoroughly  disorganized  aud  crushed,  it  must  be  removed. 

3.  If  the  soft  parts  be  extensively  stripped  away  fi-om  the  bones,  though 
these  be  entire,  so  much  sloughing  will  ensue  as  to  leave  a  useless  limb,  and 
amputation  should  lie  performed.  It  is  in  these  cases  that  it  is  often  especially 
diSicult  to  estimate  the  amount  of  injury  that  cannot  be  recovered  from,  this 
depending  much  upon  the  age  and  constitution  of  the  suti'erer.  I  Ijelieve 
that  Surgeons,  in  their  anxiety  to  save  a  limb,  often  lose  a  patient  under  these 
circumstances.  I  have  more  "than  once  had  reason  to  regret  having  attempted 
to  save  limbs  injured  in  this  way  ;  aiul  I  believe  that,  if  the  skin  of  the  lower 
extremity  be  extensively  torn  down  and  the  muscles  much  lacerated,  so  as  to 
slough  away,  there  is  but  little  chaiuic  for  the  patient— unless  he  be  young, 
and  of  a  remarkably  sound,  constitution— except  in  amputation.  Li  the 
upper  extremity  it  is  different  ;  there,  recovery  may  take  place  under  the 
most  adverse  circtmistances.  In  all  parts  the  dangers  of  attempting  to  save  a 
limb  have  been  greatly  lessened  by  the  antiseptic  treatment.  If  decomposition 
of  the  sloughing  tissues  can  be  i)revcuted,  there  will  be  little  fever  and 
but  slight  local  inflamanation,  and  the  risk  of  pyteinia  aud  erysipelas  or  other 
infective  processes  is  scarcelv  appreciable.  Supposing  the  attempt  to  save  a 
useful  limb  to  fail,  if  the  antisejitic  treatment  is  successful  the  chances  ot 
recovery  are  in  no  way  impaired  by  the  delay  in  amputating. 

A.  So  also,  if  the  knee  be  largely  opened,  with  laceration  of  the  soit  parts 
and  perhaps  fracture  of  the  contiguous  bones,  the  limb  nmst  be  amputated. 
Corresponding  injuries  of  the  ankle,  shoulder,  and  elbow  jomts.  may,  as  lias 
already  been  stated,  admit  of  resection  rather  than  of  amputation.    In  tnese 
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cases  also,  the  antiseptic  treatment  is  an  important  aid  in  saving  a  limb,  for  ii" 
deeomposition  can  be  prevented,  the  mere  fact  that  a  joint  is  opened  adds  but 
little  to  the  gravity  of  the  case. 

5.  Bad  crushes  of  the  foot  have  a  great  tendency  to  run  into  gangrene,  and 
hence  require  amputation.  In  the  hand,  on  the  contrary,  very  extensive 
iujm'ies  are  often  recovered  from,  witliout  this  operation  being  necessary  : 
and  in  many  cases  partial  resection  may  be  substituted  for  it. 

(!.  In  those  cases  in  which  a  large  artery,  as  the  femoral,  is  lacerated  at  the 
same  time  that  the  soft  parts  arc  extensively  injured,  and  the  bone  fi-actured, 
amputation  is  required  in  order  to  prevent  the  occurrence  of  gangrene.  In  the 
more  local  form  of  traumatic  gangrene,  in  which  the  disease  is  confined  to  the 
part  directly  crushed  and  injured,  no  good  can  come  of  delay,  and  amputation 
should  be  performed  as  soon  as  mortification  has  declared  itself ;  aud  the  limb 
must  be  removed  at  a  sufficient  distance  from  the  seat  of  mischief.  When  the 
mortification  results  indirectly  from  injury  of  the  vessels,  the  limb  should  also 
be  immediately  removed  in  a  line  ■with  the  wound,  unless  this  be  too  high  up  ; 
then  the  most  fiivourable  ])oint  must  be  chosen,  as  will  hereafter  be  explained. 
Amputation  in  these  circumstances  is  by  no  means  a  very  unfavourable  opera- 
tion (and  it  is  one  that  I  have  several  times  successfully  performed),  provided 
it  be  done  sufficiently  early,  before  the  constitution  becomes  i^oisoned  bv  the 
absorption  of  septic  matters  from  the  gangrenous  tissues.  It  is  scarcely  neces- 
sary to  warn  the  Surgeon  to  be  certain  of  the  existence  of  gangrene  before  he 
operates  ;  and  also  that  it  be  not  a  mere  limited  slough,  but  sufficiently  exten- 
sive to  jeopardize  the  patient's  life. 

7.  In  cases  in  which  spreading  gangrene  attacks  the  wound  early,  amputa- 
tion is  the  only  hope  of  saving  the  patient. 

The  question  as  to  the  period  at  which  amputation  should  be  performed 
in  contused  wounds  from  gun-shot  will  be  considered  later  on.  It  may  l)e 
generally  stated,  that  the  sooner  a  condemned  limb  is  taken  off",  the  less  is  the 
suffering,  and  the  better  the  chance  of  recovery  of  the  patient :  and  that,  con- 
sequently, primary  amputation  should  be  practised  in  these  cases.  By  reference 
to  the  tables  on  pp.  80,  87,  it  will  l)e  seen  that,  although  the  average  mortality 
for  all  primary  operations  is  less  than  the  average  mortality  for  all  secondary 
operations,  yet  primary  amputation  through  the  thigh  is  more  fatal  than 
secondary  amputation  in  the  same  region.  Notwithstanding  this,  it  is  absolutely 
necessary  in  many  cases  to  remove  the  injured  limb  within  the  first  twenty- 
four  hours.  The  higher  rate  of  mortality  of  primary  thigh-amputations  may 
he  due  chiefly  to  the  greater  severity  of  the  injuries  that  manifestly  require 
immediate  operation,  than  of  those  in  which  it  is  thought  justifiable  to  attempt 
to  save  a  limb  ;  and  certainly,  of  the  two  alternatives — of  lea^'ing  a  badly 
crushed  and  mangled  limb  until  suppuration  has  set  in,  and  thus  exposing 
the  patiejit  to  all  the  risks  of  gangrene,  erysipelas,  pyaemia,  &c.,  oi'  remo^■ing 
it  at  once — the  latter  is  the  one  attended  with  least  danger  to  the  patient. 

A  limb  is  sometimes  so  hopelessly  crushed  that  any  atteinpt  at  its  preser- 
vation must  be  useless  ;  whilst  at  the  same  time  the  patient  is  so  seA'erelv 
injured  internally,  or  is  so  prostrated  by  shock,  that  amputation  as  a  formal 
operation  would  be  as  useless  as  it  would  be  unjustifiable,  the  patient  having 
at  most  but  a  few  hours  to  live.  In  these  circumstances  the  best  thing  that 
can  be  done  is  to  put  on  a  tourniquet,  partly  to  check  ha3morrhage,  and  partly 
to  restrain  the  painful  quivering  of  the  muscles,  and  to  wrap  up  the  maimed 
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limb  in  a  wet  cloth.  Should  the  limb  have  been  nearly  detached — merely 
hanging  on  by  shreds  of  the  lacerated  muscles— these  may  be  divided,  and  its 
removal  thus  effected  witliout  additioual  shock  or  suffering. 

J^uuSH-BiT UN.— There  is  a  peculiar  injury  that  fjartakes  perhaps  more 
of  the  characters  of  those  wounds  that  we  have  just  been  considering 
than  of  any  other,  and  is  occasioned  by  rapid  and  severe  fi-ictioii  of  the  surface 
of  the  body,  so  that  the  skin  becomes  abraded  and  the  subjacent  tissues  some- 
what contused.  It  goes  by  the  name  of  a  "  brush-burn,"  and  is  not  unfre- 
<[uently  produced  in  the  manufacturing  districts,  by  the  surface  of  the  body 
coming  into  contact  with  straps  or  portions  uf  machinery  in  rapid  revolution. 
It  has  also  been  known  to  occur  in  consequence  of  a  person  slipping  and 
sliding  rapidly  down  a  long  and  steep  Alpine  snow-slope.  In  this  injury  the 
integumental  coverings  are,  as  it  were,  ground  off,  and  the  areolar  and 
iiponeurotic  structures  converted  into  an  eschar. 

The  Treatmetit  presents  nothing  special,  but  should  be  conducted  on  ordinary 
principles.  The  separation  of  the  eschars  must  be  facilitated  by  moist  anti- 
septic applications  and  the  resulting  sores  will  heal  by  granulation. 

STABS    AND    PUNCTURED  WOUNDS. 

These  wounds,  made  by  narrow  sharp-pointed  instruments,  vary  greatly  in 
extent,  from  the  prick  of  a  needle  in  the  linger  to  a  sword-thrust  through  the 
body.  Not  unfrequently  punctured  wounds  are  somewhat  contused,  being 
made  by  a  triangular  or  Avedge-like  weapon,  as  a  bayonet  or  lance-blade. 
When  deep,  they  are  of  a  most  dangerous  character — wounding  blood-vessels, 
traversing  the  great  cavities,  and  injuring  the  contained  viscera.  A  punctured 
wound  is  extremely  difficult  to  drain,  the  external  orifice  being  very  small  in 
proportion  to  the  area  of  the  surface.  Thus,  if  a  narrow  weapon  half  an  inch 
in  width  were  thrust  into  the  thigh  for  a  depth  of  six  inches,  the  area  of  the 
two  sm'faces  of  the  wound  would  be  six  square  inches,  while  the  external 
opening  would  be  only  half  an  inch  in  length.  The  small  external  opening  is 
easily  choked  by  a  clot  of  blood,  and  is  frequently  injudiciously  closed  by  the 
Surgeon.  The  whole  track  becomes  distended  with  the  blood  or  serous  exuda- 
tion, and  unless  means  are  taken  to  prevent  it,  decomposition  sets  iu,  followed 
by  niflammation  and  suppuration  extending  deeply  into  the  injured  part.  In 
consequence  of  this,  combined  with  the  insufficient  exit  for  the  discharges,  the 
])us  may  burrow  deeply,  large  coUections  of  septic  matter  may  form,  and  severe 
constitutional  disturbance  is  the  necessary  result. 

Treatment. — In  the  treatment  of  punctured  wounds,  the  principal  pomts 
are  to  arrest  the  hasmorrhage,  and  to  facilitate  union. 

The  htcmorrhage  must  be  arrested  by  pressure  j^roperly  applied  by  means  of 
compresses  or  pads,  so  as  to  approximate  the  sides  of  the  puncture  ;  by  the 
application  of  cold  ;  or  by  cutting  down  on  the  injured  vessel  if  it  be  a  large 
one,  and  ligaturing  above  and  below  the  perforation  in  it. 

In  many  cases  of  severe  ]junctured  wound  8ui)puration  and  union  by 
mecond  intention  will  take  place  in  consequence  of  the  great  difficulty  in 
drainage.  In  order  to  obtain  early  union,  the  cavity  should  be  washed  out 
with  carbolic  acid  lotion  (1  in  -10)  or  some  other  antiseptic,  by  means  of  an 
india-rubber  tube  on  the  end  of  a  syringe.  Care  must  be  taken  that  there  is 
])lcnty  of  room  for  the  fluid  injected  to  flow  nut  rapidly,  otherwise  the  spaces 
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of  the  areolar  tissue  will  become  widely  distended  with  the  antiseptic  solution  ; 

superfluous  lotion  is  then  squeezed  out,  and  a  drainage-tube  inserted  deeply 
into  the  wound.  This  maybe  considerably  shortened  after  twenty-four  hours, 
and  gradually  diminished  day  by  day  till  it  can  be  safely  removed.  The 
external  application  should  be  one  of  the  forms  of  absorbent  antiseptic 
dressing.  On  no  account  should  a  punctured  wound  be  closed  by  collodion  or 
any  other  occlusive  application.  The  smalhiess  of  the  external  opening  is  apt 
rn  make  the  Surgeon  forget  the  real  extent  of  the  injury.  As  the  tube  is 
shortened,  the  coalescence  of  the  sides  of  the  wound  may  be  encouraged  by 
properly  applied  compresses  and  bandages.  The  deep  inflammation  that  so 
often  follows  these  wounds  is  due  solely  to  insufficient  drainage  and  decompo- 
sition extending  into  the  wound,  and  no  treatment  but  the  prevention  of  these 
conditions  will  exclude  it.  In  former  days,  when  duels  with  the  small  sword 
were  of  frequent  occurrence,  persons  called  "  suckers,"  who  were  often  the 
drummers  of  a  regiment,  were  employed  to  attend  the  wounded  combatants. 
Their  treatment,  which  was  conducted  with  a  certain  degree  of  mystery,  con- 
sisted in  sucking  the  wound  till  all  blood  ceased  to  flow,  and  then  applying 
a  pellet  of  chewed  paper  or  a  piece  of  wet  linen  to  the  orifice  ;  in  this  way 
it  would  appear  that  many  sword-thrusts  traversing  the  limbs  were  healed  in  a 
few  days.  _  The  process  of  suction  cleared  the  wound  thoroughly  of  all  blood, 
and,  drawing  the  sides  into  close  apposition,  jjlaced  the  parts  in  the  most 


Fig.  104.— Forceps  for  removing  SiiuiU  Pointed  Bodies. 


favourable  condition  possible  for  union  by  primary  adhesion.  This  practice 
might,  perhaps,  in  many  cases  be  advantageously  imitated  in  the  present  day 
by  means  of  a  cupping-glass  and  syringe. 

Amongst  the  varieties  of  punctured  wounds  that  are  most  commonly  met 
with  m  ordinary  practice  are  those  which  are  occasioned  by  needles  penetrating 
into,  and  breaking  ofi'  in  the  body.  These  accidents  occur  chiefly  in  the 
fingers  and  feet,  and  about  the  nates  ;  and,  though  trivial,  are  often  extremely 
troublesome,  both  to  the  Surgeon  and  the  patient.  When  the  Surgeon  is 
caUed  shortly  after  the  occurrence  of  the  accident,  he  must  endeavour  to 
remove  the  fragment  left  behind,  by  cutting  down  upon  it.  In  doing  this  he 
will  be  guided  by  the  situation  of  the  puncture,  and  by  the  seat  of  the  pain, 
and  sometimes  by  feeling  the  point  projecting  under  the  skin.  In  many  cases 
this  IS  a  sufficiently  simple  proceeding ;  in  others,  however,  a  deep  and  trouble- 
some dissection  may  be  required,  especially  when  the  fragment  of  needle  gets 
into  or  under  the  sheath  of  a  tendon.  I  have  had  occasion  to  undertake 
somewhat  troublesome  dissections  for  the  removal  of  needles  ;  in  one  case 
between  the  biceps  tendon  and  the  brachial  artery,  and  in  another  in  close 
proximity  to  the  ulnar  artery  in  the  wrist.  For  the  purpose  of  extractino- 
needles,  thorns,  splinters  of  wood,  and  other  foreign  bodies  of  small  size  and 
pointed  shape  lying  in  narrow  wounds,  the  forceps  shown  in  the  annexed 
woodcut  (Fig.  101)  will  be  found  most  serviceable,  as  they  have  very  fine  but 
strong  and  well-serrated  points.    One  of  the  most  dangerous  situations  for  a 
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needle  to  penetviite  is  into  the  anterior  part  of  the  knee-joint,  lodging  in  tlie 
head  of  the  tibia  or  the  patella,  and  bi'eaking  off  short.  In  such  Ciises  the 
fragment  should  be  dissected  out  at  once,  the  strictest  antiseptic  precautions 
being  adopted  to  prevent  inflammation  of  the  joint.  The  limb  must  then  be 
hxed  on  a  splint.  I  have  known  the  most  acute  suppuration  of  the  knee 
ensue  in  consequence  of  a  portion  of  needle  having  been  allowed  to  remain 
embedded  in  the  joint.  The  patient's  life  was  in  imminent  jicril,  but  recovery 
ultimately  took  jjlace  with  ankylosis  of  the  joint. 

The  movements  of  tlie  part  in  which  the  needle  is  lodged  tend  to  make  it 
travel  in  the  direction  of  its  point,  and  consequently  in  many  ca.ses  if  it  has 
been  lodged  for  some  days  the  Surgeon  will  fail  in  liis  endeavours  to  extract  it. 
Unless,  therefore,  the  indications  of  its  presence  be  very  clear,  T  think  the  wiser 
course  would  be  to  leave  it  undisturbed,  and  to  trust  to  nature  for  its  expul- 
sion, as  it  can  seldom  be  found  when  sought  for,  and,  indeed,  may  not  exist, 
although  supposed  to  be  present.  The  following  plan  of  ascertaining  whether 
a  portion  of  needle  be  really  impacted  has  been  suggested  by  Marshall.  \ 
l)Owerful  magnet  is  to  be  held  upon  the  part  for  a  quarter  of  an  hour,  so  as  to 
magnetize  the  fragment  ;  a  finely  hung  polarized  needle  should  then  be 
suspended  over  it,  when,  if  any  iron  is  present,  deflection  will  ensue. 

When  a  fish-hook,  crochet-needle,  or  other  barbed  instrument  has  ijeen  run 
into  the  fiesh,  no  attempt  should  be  made  to  withdraw  it  through  the  aperture 
by  which  it  entered,  but  the  point  should  be  pushed  on  so  as  to  eiuerge  through 
the  skin,  the  shank  then  divided  by  pliers,  and  the  barbed  end  drawn  out. 

Arkow-Wounds  occasionally  fall  under  the  observation  of  the  military  or 


Fi".  a05.--Iiuliiiii  Allow  iK'netialin-  taiiporal  bone.    Moflical  nepurtincnt,  Uiiilol  SlMos  Aiuiy. 


colonial  Surgeon  as  the  result  of  injuries  received  in  conflict  with  barbarous 
races  They  difi'er  only  in  one  essential  respect  from  penetrating  ].unctured 
woimds  made  by  knife-stabs  and  sword-thrusts,  viz.,  that  the  arrow-head 
will  remain  impacted  in  the  tissues  it  has  penetrated.  The  force  with  wh.cli 
an  arrow  may  be  shot  is  well  illustrated  in  the  accompanying  hgures  taken 
ft-om  preparations  in  the  Army  Museum  at  Wa.shington.  The  arrow  shot 
from  the  bow  of  a  North  American  Indian  has  been  known  to  traverse  t  ic 
body  of  a  buffalo  and  penetrate  the  under  surface  of  its  scapula,  as  shown  by 
a  nrenaration  in  the  same  Museum.  ... 
The  extraction  of  an  arrow  is  usually  attended  by  httle  difficulty.    But  it 
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liarbed,  or  if  the  shaft  becomes  detached  from  the  head,  then  special  pre- 
cautions have  to  be  taken.    With  the  view  of  safely  effecting  its  removal  the 
•  snares  "  fig-ured  below  (Fig.  107)  have  been  devised.  ' 


100.— Buffalo  Rib  pierced  bv  Indian  Arrow. 
(Med.  Dep.  U.  S.  Anny). 


Fig.  107.— Bill'.^  Siiare  Mv  Extraction  ^\ 
Ai'iow-Head.s. 


VOL.  r. 


z 


338 


G  UN -8 HOT    WO  UNDS. 


CHAPTER  X. 
— » — 

GUN-SHOT  WOUKDS. 

Of  the  special  varieties  of  contused  and  lacerated  wounds,  none  are  of  1 
more  interest  than  the  different  forms  of  gun-shot  injuiy.    Though  compara-  • 
tively  rare  in  civil  practice  in  this  country,  yet  gun-shot  wounds  are  of  suffi-  • 
ciently  frequent  occurrence  to  render  an  acquaintance  with  them  indispensable  i 
to  the  general  Surgeon.    To  the  military  Surgeon  the  study  of  them  is  neces-  • 
sarily  one  of  peculiar  interest  and  importance  ;  and  to  him  I  would  specially 
recommend  the  perusal  of  the  works  of  Macleod,  Longmore,  Stromeyer.  . 
Esmarch,  Fischer,  and  other  Surgeons  who  have  had  unusual  opportunities  of  I 
studying  these  injuries  on  the  field  of  battle,  and  by  whom  they  have  been  | 
considered  with  all  the  minuteness  of  a  speciality.    The  works  of  Guthrie, 
Hennen,  and  Larrey,  whose  experience  was  gained  in  the  wars  in  the  early 
part  of  the  present  century,  are  well  worthy  of  study,  and  much  that  is  I 
interesting  will  be  found  also  in  the  writings  of  Ambroise  Pare,  Wiseman,  and 
John  Hunter. 

I  purpose  in  the  following  observations  to  confine  myself  chiefly  to  such  a 
general  discussion  of  the  subject  as  may  be  useful  to  the  civil  Surgeon. 

Gun-shot  injuries  constitute  a  species  of  contused  and  lacerated  wounds, 
often  partaking  also  of  the  nature  of  punctm-ed  wounds  in  the  disproportion 
between  the  subcutaneous  mischief  and  the  external  aperture.  They  are 
characterized  in  some  cases  by  the  peculiar  appearance  presented  by  the  colour, 
shape,  and  size  of  the  orifice ;  and  in  others  by  the  extensive  injury  inflicted  on 
the  tissues, both  superficial  and  deep-seated,  in  consequence  of  which  the  wounds  ' 
may  prove  immediately  or  rapidly  fatal.  If  the  sufferer  survive  the  im- 
mediate eflPects  of  the  injury,  acute  inflammation  wuth  much  pain  and  tension, 
deep-seated  suppuration,  profuse  discharge,  and  other  serious  and  very 
protracted  after-consequences,  are  apt  to  supervene.  These  peculiarities  have 
at  different  times  been  attributed  to  the  parts  being  burnt  by  the  ball,  to  the 
poisonous  nature  of  projectiles,  to  the  generation  of  electricity  in  the  bullet 
during  its  passage  through  the  air,  or  by  its  friction  against  the  ]>arrel.  All 
these  opinions,  however,  have  been  shown  to  be  erroneous ;  and  every  pecu- 
liaiity  presented  by  these  injuries  can  be  accounted  for  by  the  bluntness  of 
the  contusing  body,  the  force  with  which  it  is  driven,  and  by  the  insufiicieut 
exit  for  the  decomposing  discharges  that  necessarily  accumulate  in  the  track 
of  the  bullet,  unless  some  means  be  taken  to  prevent  this  occurrence.  That 
the  sloughing  which  almost  always  takes  place  in  the  track  of  a  bullet  is  due 
to  the  bluntness  of  the  body  with  which  the  injury  is  inflicted,  and  not  to  any 
peculiarity  arising  from  its  being  propelled  by  gunpowder,  is  evident  from 
the  fact  that  sharp  splinters  of  shell  have  been  known  to  inflict  cleau-cufc 
wounds.  As  John  Bell  has  pithily  remarked,  "  there  is  a  peculiarity,  but  no 
mystery,  in  gun-shot  wounds." 

Oharaotkrs. — Gun-shot  wounds  vary  greatly  according  to  the  Nature  of 
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the  Projectiles,  the  Force  with  which  they  are  driven,  and  the  Direction 
in  which  they  strike. 

ITature  and  Force  of  Projectile. — Gun-shot  injuries  of  a  serious  character 
may  be  inflicted  by  loeapons  charged  only  iviihpowder.  They  may  arise  from  the 
mere  concussion  of  the  explosion  ;  thus  a  pistol  charged  with  powder,  and  dis- 
charged with  the  muzzle  resting  against  the  chest  of  a  man,  has  been  known 
to  kill  by  concussing  the  heart.  In  other  cases,  a  portion  of  the  unexploded 
powder  may  be  driven  into  or  even  through  the  skin  by  that  which  is  exploded 
behind  it.  In  this  way,  very  disfiguring  marks  are  sometimes  inflicted  on  the 
face  by  the  charcoal  of  the  powder  lodging  in  the  skin.  That  a  weapon  so 
charged  may  actually  kiU  when  discharged  at  a  little  distance  appears  frorct  a 
case  related  by  Dupuytren,  in  which  a  fowling-piece  charged  with  powder  only, 
and  fired  at  the  distance  of  two  or  three  feet  from  the  abdomen,  pierced  the 
belly  with  a  round  hole  and  killed  the  man.  The  mere  force  of  the  explosion 
will  sometimes  produce  serious  lacerations.  Suicides  occasionally  forget  to  put 
a  bullet  into  the  pistol,  and  firing  into  their  mouths,  blow  open  the  cheeks, 
and  injure  the  pharynx  and  glottis  by  the  explosive  force.  Some  years  ago, 
a  man  was  brought  to  University  College  Hospital,  who  had  discharged  some 
powder  from  the  tube  of  an  Italian  iron  into  his  mouth,  and  he  died  in  con- 
sequence of  the  injuries  he  received.  In  another  case  in  the  same  institution, 
a  man  died,  on  the  fifth  day  after  firing  a  pistol  into  his  mouth,  of  asphyxia, 
occasioned  by  sloughing  of  the  pharynx  and  inflammation  of  the  glottis  and 
larynx,  consequent  on  the  scorch  of  the  explosion. 

Wadding  and  Soft  Materials,  as  pieces  of  clothing,  will  occasionally 
inflict  serious  wounds  by  the  force  with  which  they  are  driven  into  the  body. 
These  injuries  often  happen  on  the  stage,  at  reviews,  fairs,  &c.  Taylor  relates 
several  instances  of  the  kind  : — one  of  a  girl  killed  by  a  gun  charged  with 
paper  pellets  ;  also,  one  of  a  man  who  was  killed  by  a  kid  glove  fired  from  a 
blunderbuss. 

Small  Shot  often  inflict  serious  injuries,  and  these  are  most  commonly  met 
with  in  civil  practice.  If  the  person  wounded  be  within  a  few  feet  of  the 
muzzle  of  the  gun,  a  terribly  lacerated  wound,  even  worse  than  that  occasioned 
by  a  bullet,  will  be  inflicted  ;  for  the  shot,  not  being  scattered,  are  driven 
through  the  body  in  a  compact  mass,  and  tear  the  tissues  to  a  great  extent. 
The  compactness  of  a  charge  of  shot  when  striking  close  to  the  muzzle  of  the 
gun  may  be  very  remarkable,  making  a  wound  hke  that  of  a  bullet.  A  lad 
was  admitted  into  University  College  Hospital  under  my  care,  who  had  acci- 
dentally shot  himself.  The  whole  charge  had  passed  from  before  backwards 
between  the  skin  of  the  inner  side  of  the  arm  and  the  brachial  vessels  and 
the  accompanying  nerves,  leaving  a  bridge  of  skin  about  three  inches  iii 
width  and  the  vessels  and  nerves  uninjured,  the  triceps,  however,  being  torn. 
The  patient  made  an  excellent  recovery. 

When  shot  scatter  as  they  fly,  they  produce  at  a  greater  distance  a  less 
serious  injury,  usually  lodging  in  the  subcutaneous  areolar  tissue,  where  they 
may  remain  for  years,  requiring  to  be  picked  out  with  a  lancet ;  or  they  may 
give  rise  to  suppuration.  Occasionally,  shot,  by  penetrating  an  important 
part,  may  cause  serious  or  fatal  results  ;  thus,  a  single  shot  penetrating  the 
eyeball  will  destroy  vision  ;  or,  lodging  in  the  heart  or  in  the  femoral  vein  or 
other  large  vessel,  may  give  rise  to  rapidly  fatal  results.  A  patient  was  once 
brought  to  University  College  Hospital,  who  had  fired  a  pocket-pistol  loaded 
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witli  small  shot  iuto  his  niotith  :  after  death,  the  shot  were  found  to  have 
penetrated  the  vertebral  column,  in  which  they  were  deeply  lodged. 

Splinters  of  metal,  wood,  or  stone,  carried  by  the  force  of  an  explosion,  as 
in  blasting  and  mining  operations,  may  inflict  grave  injuries.  These  latter 
inflict  perhaps  the  worst  forms  of  injury  from  bodies  propelled  In-  explosive 
force  that  are  met  with  in  civil  practice.  In  siege  operations  much  injury  also 
is  often  inflicted  by  the  splinters  from  parapcts^or  by  the  forcible  tlu-owing  up 
of  gravel  and  small  stones  by  the  explosion  of  shells.  In  naval  actions,  too, 
the  force  with  which  splinters  of  wood  are  driven,  when  struck  and  scattered 
by  cannon-shot,  is  often  so  great  as  to  inflict  the  most  serious  and  even  fatal 
mischief.  A  particular  form  of  injury  sometimes  met  with  in  civil  practice^ 
and  which  belongs  to  this  class,  is  a  wound  of  the  eyeball  by  the  explosion  and 
splintering  of  faulty  ]iercussion-caps.  Wounds  of  the  face  and  other  parts 
by  the  splashes  or  splinters  of  bullets  from  the  surface  of  targets,  are  of  I 
common  occun-ence  among  markers  at  rifle-ranges. 

Slugs  are  irregular  bits  of  lead  of  no  definite  form  or  size.  They  produce 
wounds  more  ragged  than  small  shot,  but,  unless  fired  at  very  short  range, 
they  seldom  penetrate  deeply.  The  experience  of  the  Ashantee  War,  in  which 
the  natives  used  slugs  almost  exclusively,  showed  that  the  proportion  of  severe 
to  slight  wounds  was  very  small,  the  projectile  not  having  suificient  power  to 
break  a  large  bone. 

Biillets  occasion  more  serious  wounds,  lacerating  soft  parts,  fracturing  and 
crushing  bones,  tearing  asunder  vessels  and  nerves,  per- 
forating the  viscera,  and  occasionally  cutting  off  parts, 
as  a  linger,  the  nose,  or  an  ear. 

The  introduction  of  rifled  fire-arms  into  warfare 
greatly  increased  the  destructive  effects  of  bullets.  The 
missile  is  now  comparatively  rarely  deflected  from  its 
course  by  the  resistance  offered  by  bones,  tendons,  or 
by  the  elastic  reaction  of  the  skin,  as  happened  with 
the  spherical  ball,  liut  penetrates  in  a  straight  line  from 
the  point  struck,  tearing  through  the  soft  parts,  and 
sphntering  the  bones  extensively.  On  the  bones  es- 
])ecially,  the  modern  conico-cylindrical  bullet  produces 
the  most  destructive  effects  ;  not  only  comminuting 
the  part  struck,  but  often  by  its  wedge-like  action  splitting 
up  the  shaft  of  the  bone  in  fissures  many  inches  long, 
leading  into  contiguous  joints  (Fig.  108).  In  consequence 
of  the  more  ^extensive  injury,  the  shock  is  greater  when 
a  person  is  struck  by  a  conico-cylindrical  than  by  a 
spherical  ball. 

Direction.  In  the  majority  of  cases,  a  bullet  traverses  the  part  struck,  and 

the  wound  has  two  apertures,  one  of  entry,  the  other  of  exit  ;  occasionally  it 
hnppens,  however,  that  in  consequence  of  the  ball  being  spent,  or  of  the  piece 
not  having  been  efficiently  loaded,  or  of  tlie  oblique  direction  with  which  the 
ball  strikes  the  part,  it  rebounds  or  glances  oil;  leaving  merely  a  contusion 
OT  dent.  In  other  cases  there  is  only  one  aperture  ;  and  here  the  bullet, 
partly  spent,  has  probably  lodged  in  the  soft  tissues,  or  in  a  bone,  or  in  the 
cavity  of  a  hollow  organ,  as  the  bladder.  It  sometimes  happens,  however, 
that  "the  ball  drops  out  through  the  aperture  at  which  it  entered,  as  when  a 
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;  spent  ball  strikes  a  rib ;  or  that  it  carries  a  pouch  of  clothing  before  it,  which 

.  enables  the  Surgeon  to  withdraw  it.  One  bullet  may  make  even  more  tlian 
two  apertures  ;  thus  a  round  ball  has  been  known  to  split  against  the  sharp 
edge  of  the  tibia,  and  to  have  one  apertui-e  of  entry  and  two  of  exit ;  or  it 
may  pass  through  both  thighs  or  both  calves,  and  thus  occasion  fom-  apertures  ; 
and  cases  have  been  recorded  in  which  five  wounds  even  have  been  made  in 
the  same  person  by  one  bullet. 

The  direction  of  the  openings  is  often  of  importance  from  a  medico-legal 

:  as  well  as  from  a  surgical  point  of  view.  Thus,  Sir  Astley  Cooper,  by  attend- 
ing to  this  point  in  a  case  of  murder,  ascertained  that  the  fatal  shot 
must  have  been  fired  by  a  left-handed  man  ;  and  this  led  to  the  detection 
of  the  criminal.  These  apertures,  though  usually  opposite  to  one  auotlier 
when  a  ball  passes  right  through  a  part,  are  not  always  so,  the  bullet  being 

.  deflected  by  the  bones,  or  by  the  elasticity  of  the  skin,  so  that  the  two  aper- 
tures do  not  correspond.  Thus  a  spherical  bullet  has  been  known  to  strike  a 
rib  and  then  to  be  deflected,  running  under  the  skin  to  the  opposite  side  of 
the  body  :  again,  striking  one  temple,  a  bullet  has  been  carried  under  the  scalp 
to  the  other  side  of  the  head,  where  it  has  passed  out ;  thus  it  might  appear, 
that  important  cavities  had  been  penetrated  when  in  reality  they  had  not  been 

'  wounded. 

The  Apertures  of  Entry  and  of  Exit,  made  by  a  bullet,  deserve  atten- 
;  tive  consideration.    Much  discussion  has  arisen  as  to  whether  there  be  any 

•  diflPerence  between  these  aper- 
tm-es,  and,  if  so,  to  what  it  is 

•  owing.  That  there  is  a  dif- 
ference in  the  great  majority 

■  of  cases,  there  can  be  no  doubt ; 
though  it  is,  as  a  rule,  not  so 
decided  in  the  case  of  the 
modern  rifle-ball  as  in  that  of 
the  spherical.  Thus,  in  the 
latter  instance,  the  hole  made 
by  the  entrance  of  the  buUet 
ig  small,  circular  in  shape, 
less  than  the  diameter  of  the 
ball  in  breadth,  the  edges  being 

!  slightly  inverted  and  ecchy- 
mosed  (Fig.  109)  ;  whereas, 
i  in  the  former,  the  aperture  of 
<  eutiy  is  more  lacerated  and 

•  irregular  in  outline,  often 
:  linear,  crucial,  or  starred,  and 
i  larger  than  the  diameter  of  the  ball.  In  either  case,  the  hole  made  by  the 
'  ^it  of  the  ball  is  commonly  large,  somewhat  everted,  and  irregular,  admitting 
I  two  or  even  three  fingers  freely  (Fig.  110)  ;  but  in  exceptional  cases  there 
I  is  no  appreciable  difference  between  the  two. 

There  can  be  no  doubt  that  Guthrie  has  given  the  correct  explanation  of 

■  these  discrepancies,  when  he  states,  that  the  amount  of  the  dificrence  in  the 
two  apertures  will  depend  partly  on  the  momentum  of  the  ball,  and  partly  on 

!  the  resistance  with  which  it  meets.    If  the  ball  strike  shortly  after  its  dis- 


Fig.  llO.-  Gun-shot  Wound.    Apcmiix  ui  Lxii. 


342 


GUN-SHOT  WOUNDS. 


charge,  at  the  maximum  of  its  velocitj,  it  will  make  but  a  small  round  hole, 
not  shattering  the  parts  so  much  as  separating  them.  If  it  traverse  a  part 
composed  of  soft  tissue,  meeting  witli  but  little  resistance  in  its  passage,  it 
loses  but  little  of  its  momentum  ;  and  passing  out  of  the  body  with  nearly 
the  same  force  as  that  with  which  it  entered,  it  makes  an  aperture  of  exit  that 
differs  but  slightly,  if  at  all,  from  that  of  entry.  If  the  ball  strike  a  bone  in 
Its  passage  through  the  limb  or  body,  and  thus,  by  meeting  with  much  resist- 
ance, have  its  momentum  materially  lessened,  the  aperture  of  exit  will  be  torn, 
large,  and  ragged,  differing  matcriaUy  from  that  of  entry.  But  in  addition  to 
the  conditions  given  by  Guthrie,  there  are  two  other  circumstances  that  tend  to 
occasion  a  difference  between  the  apertures  of  entry  and  of  exit.  The  first  is, 
that  the  bullet  as  it  traverses  carries  with  it  a  mass  of  foreign  material,  pieces 
of  clothing,  shreds  of  tendons,  splinters  of  bone,  which,  di-iven  along  with  the 
velocity  communicated  to  them  by  the  ball,  distend  and  widely  separate  the 
distant  parts  of  the  wound,  and  thus  cause  the  aperture  of  exit,  near  and 
in  which  they  will  be  found  to  be  lodged,  to  be  larger  than  that  of  entry, 
which  has  admitted  only  the  bullet.  The  aperture  of  entry  is  made  solely  by 
the  ball  ,•  the  aperture  of  exit  is  made  by  it,  plus  the  debris  that  it  carries 
along  with  it.  A  further  reason  for  the  difference  in  size  between  the  two 
apertures  is  this,  that  the  wide  tearing-asunder  of  the  tissues  at  the  apertm-e 
of  exit  is  greatly  due  to  their  want  of  support.  The  part  first  strack  has 
as  a  support  the  whole  thickness  of  the  hmb  or  the  body.  That  which  is 
last  perforated  has  no  support,  and  is  thus  largely  torn  or  splintered  outwards. 
This  is  exactly  what  happens  if  we  drive  a  nail  through  a  board.  If  supported 
by  another  piece  of  wood,  the  apertures  on  the  two  sides  are  even  and  of  the 
same  size.  If  unsupported,  the  aperture  on  the  distant  side— that  of  exit,  in 
fact — will  be  splintered,  irregular  in  shape,  and  larger  than  that  of  entry. 

In  wounds  made  by  spherical  bullets  the  entrance-aperture  is  often  actually 
less  in  diameter  than  the  bullet  itself,  provided  it  be  made  whilst  the  ball  is 
moving  with  its  full  velocity ;  but  if  the  ball  have  lost  much  of  its  momentum 
before  it  strikes,  then  the  entrance-wound  will  always  be  large  and  ragged. 
In  this  there  is  nothing  peculiar  to  the  tissues  of  the  living  body  ;  the  same 
happens  when  any  elastic  material,  as  a  piece  of  green  timber,  is  struck. 
Much,  however,  will  depend  also  on  the  period  at  which  the  wound  is 
examined.  In  the  early  stages,  for  the  reasons  mentioned,  the  wound  of  entry 
may  be  smaller  than  that  of  exit ;  but,  as  the  slough  which  forms  in  the  wound 
of  entry  is  larger  than  that  at  the  exit-aperture,  the  former  may,  at  a  later 
stage,  appear  larger  than  the  latter.  This  difference  in  the  size  of  the  two 
wounds  I  saw  well  exemplified  in  the  case  of  a  young  man,  shot  through  the 
neck  with  a  pistol-ball  in  a  duel.  The  aperture  of  entry,  which  was  at  first  the 
smaller,  appeared  on  the  second  day  the  larger  in  consequence  of  the  extnision 
of  a  black  slough  ;  though  it  continued  more  regular  in  shape  than  that  of 
exit. 

Shrapnel  bullets,  case-shot,  and  grape-shot  differ  from  the  old  spherical 
bullets  only  in  their  greater  size,  and  the  effects  they  produce  are  similar  but 
more  extensive.  The  Mitrailleuse,  Gatling,  and  Nordeufeldt  guns  fire  a  conical 
ball  of  considerable  size  ;  but  happily  little  experience  has  as  yet  been  gained 
of  their  effects  on  the  human  body. 

Fragments  of  Shell,  if  of  large  size,  inflict  the  most  terrible  wounds  met 
with  in  military  practice,  tearing  off  whole  limbs,  or  great  masses  of  flesh,  and 
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'  splintering  the  bones  in  all  directions.  At  the  battle  of  Sedan,  after  the 
Germans  had  shelled  a  crowded  mass  of  French  troops,  the  groand  was 
described  as  covered  with  "  heaps  of  flesh  and  rags."  A  small  fragment  may 
either  become  lodged,  or  make  its  way  out,  the  aperture  of  entry  being 
somewhat  incised,  though  very  irregular,  and  the  aperture  of  exit  large 
and  ragged. 

The  old  round  Cannon-ball,  in  fact,  solid  shot  of  all  kinds,  are  now  quite 
abandoned  in  war,  being  replaced  by  shells  fired  from  rifled  cannon.  The  old 
cannon-balls  inflicted  two  kinds  of  injury.  Sometimes  they  contused  a  part 
deeply,  without  destroying  the  integrity  of  the  skin,  the  ball  either  being 
"  spent "  or  striking  obliquely.  In  such  cases  the  skin  owing  to  its  elasticity 
remained  untorn,  though  all  the  subjacent  textures — bones,  muscles,  and  vessels 
—might  be  crushed  into  a  pulp,  if  a  limb  were  struck  ;  or  if  the  trunk  itself 
were  injured,  the  vertebral  column  and  lumbar  muscles  might  be  dis- 
organized, and  the  liver,  kidneys,  spleen,  stomach,  and  intestines  ruptured. 
These  injuries,  at  one  time  erroneously  attributed  to  the  action  of  the  current 
of  air  set  in  motion  by  the  ball,  were  known  by  the  name  of  "  tuind-cantu- 
sions.''  Subcutaneous  contusions  of  similar  character,  though  less  severe  in 
degree,  may  be  produced  also  by  spent  bullets.  In  some  of  these  contusions, 
gangrene  of  the  limb  set  in  ;  apparently,  as  Guthrie  pointed  out,  fi'om  the 
rupture  of  the  principal  vessels.  Cannon-shot  more  commonly  can-ied  away 
the  whole  thickness  of  a  part,  shattering  a  limb,  tearing  off  the  thick  and 
fleshy  parts  of  thigh,  calf,  or  shoulder  ;  or  they  inflicted  the  most  fearful 
injuries  by  smashing  the  trunk  and  head. 

Symptoms. — The  chief  peculiarities  of  gun-shot  injuries  consist  in  the 
amount  and  character  of  the  Pain,  the  severity  of  the  Shock,  the  com- 
paratively little  liability  to  HsemoiTbage,  and  the  severity  of  the  Consecutive 
Inflammation. 

The  Fain  in  gun-shot  injuries  varies  greatly.  It  is  most  severe  when  a 
bone  is  fractured,  or  a  large  cavity  penetrated  ;  when  soft  structures  alone  are 
injured,  a  dull  and  heavy  sensation  is  experienced,  which  has  often  been  com- 
pared to  that  occasioned  by  a  blow  with  a  stick.  In  many  cases,  however,  the 
sufferer  is  not  aware  that  he  is  shot  till  he  is  told  of  it.  I  have  known  a 
person,  shot  in  the  leg  by  a  pistol-ball,  unaware  that  he  was  wounded  till  told 
that  his  leg  was  bleeding.  This  is  especially  apt  to  happen  when  the  mind 
is  actively  engaged,  as  in  the  height  of  battle.  Hennen  has  known  a  limb 
caiTied  off  or  smashed  to  pieces  by  a  cannon-shot,  without  the  sufferer 
being  conscious  of  it  ;  and  Macleod  relates  the  case  of  an  officer  who,  in 
the  Crimea,  had  both  legs  caiTied  away,  and  who  was  not  aware  of  the 
injury  till  he  tried  to  rise. 

In  gun-shot  injuries,  Sliock  is  always  very  marked  when  parts  of  import- 
ance, as  the  head,  chest,  and  abdomen,  or  large  joints,  as  the  knee,  are  opened  ; 
and  its  severity  is  indicative  of  the  amount  of  mischief  inflicted.  Thus,  if  a 
bullet  appear  to  have  traversed  the  chest,  but  in  reality  has  been  deflected 
under  the  skin,  the  comparative  absence  of  shock  will  serve,  to  a  certain 
extent,  to  prove  that  visceral  mischief  has  not  been  inflicted.  As  before 
stated,  a  wound  from  a  conical  ball  causes  more  shock  than  a  corresponding 
injury  from  a  spherical  bullet,  as  the  extent  of  the  damage  done  by  the  former 
is  always  greater.  In  some  cases  the  shock  alone  appears  sufficient  to  kill  ; 
thus,  a  man  shot  by  a  pistol -bullet,  which  traversed  the  distended  stomach. 


344 


GUF-SJIOT  WOUNDS. 


died  in  a  few  seconds  from  shock,  thei-e  being  no  bleeding  of  importance,  or 
other  discernible  cause  of  immediate  death  ('i'aylor).  In  some  cases,  however, 
that  are  mortal,  the  symptoms  of  sliock  are  but  slight. 

The  Primary  Hseiuorrhage  irom  gun-shot  wounds  varies  necessarily 
according  to  the  situation  of  the  injury  and  the  size  of  the  vessels  injured  ; 
coiiens  paribus,  these  wounds  bleed  less  than  other  injuries.  When  the  fleshy 
parts  of  a  limb  are  perforated  by  a  bullet,  the  haimorrhage  is  usually  very 
trifling,  the  vessels  divided  bping  small,  and  contused  rather  than  cut  across. 
But,  though  it  may  be  stated  as  a  general  rule  that  gun-shot  wounds  do  not 
bleed  much,  yet  when  a  large  firtery,  as  the  carotid,  ihac,  or  femoral,  is  torn 
across,  violent  and  rapidly  fatal  haemorrhage  will  occur— the  vessel  bleeding 
as  freely  as  if  divided  with  the  knife.  Bullet-wounds  of  the  large  and  deep 
arteries  of  the  chest  and  abdomen  are  almost  immediately  fatal  from  hemor- 
rhage. The  greater  number  of  those  who  die  on  the  field  of  battle  perish 
from  this  cause.  It  has  often  been  observed  that  arteries  escape,  though  lying 
apparently  in  the  direct  track  of  a  ball.  Jn  such  cases,  however,  though 
primaiy  haemorrhage  do  not  occur,  the  liability  to  secondary  haemorrhage  is 
great,  in  consequence  of  the  artery,  which  has  been  contused  by  the  pas,sage  of 
the  bullet,  sloughing  at  a  later  period.  If  the  whole  of  a  limb  be  torn  away 
by  a  cannon-shot,  the  arteries  of  the  jagged  stump  do  not  bleed,  for  the  same 
reasons  that  those  of  a  Hmb  torn  away  by  machinery  do  not  ;  viz.,  the  con- 
traction and  retraction  of  the  ruptured  internal  and  middle  coats,  and  the 
twisting  of  the  fibrous  extei-nal  coat  over  them. 

Grun-shot  wounds,  under  ordinary  circumstances  Inflame,  with  much 
Swelling,  Infiltration,  and  Tension.    That  this  should  be  the  case  is  not 
surprising  when  we  consider  the  nature  of  the  wound  and  the  mode  of  its 
infliction.  The  tissues  through  which  the  bullet  passes  are  violently  contused, 
the  parts  actually  touched  by  the  projectile  are  killed,  and  those  a  little  more 
remote  are  bruised  and  damaged  to  such  an  extent  that  if  exposed  to  any 
furthei-  irritation,  as  tension  or  the  presence  of  putrid  matter,  they  readily 
perish.    The  bones,  if  they  lie  in  the  track  of  the  bullet,  are  splintered  and 
fissured,  and  the  fragments  are  displaced  and  driven  into  the  surrounding  soft 
parts.   At  the  same  time  the  h£emorrhage  which  takes  place  finds  but  an 
imperfect  exit  from  the  apertures  of  the  woimd,  and  the  intermusculai-  planes 
of  a  limb  and  any  cavity  that  may  be  opened  become  distended  with  extrava- 
sated  blood.     The  exudation  from  the  injured  soft  parts,  that  necessarily 
follows  immediately  on  the  injury,  still  further  distends  the  part  with  putresciblc 
fluid.    As  the  nature  of  the  external  wound  renders  it  almost  impossible  for  it 
to  heal  by  first  intention  the  whole  of  this  decomposable  matter  is  freely  in 
communication  with  the  extei-nal  air,  and  the  ferments  contained  in  the  atmo- 
spheric dust  find  admission  from  without.    This  is  often  rendered  even 
more  certain  by  pieces  of  clothing  and  other  foreign  bodies  being  lodged 
deeply  in  the  track  of  the  bullet.     By  tlie  third  day,  therefore,  we  have 
developed  in  a  gun-shot  wound,  unless  special  means  are  taken  to  prevent  it, 
one  of  the  most  dangerous  conditions  to  which  a  patient  can  be  exposed — a 
large  accumulation  of  putrid  matter,  deeply  situated,  with  a  totally  insufiicienfc 
exit  for  the  discharges.    If  a  bone  be  broken,  or  a  joint  or  one  of  the  natural 
cavities  of  the  body  be  opened,  the  condition  is  so  much  the  worse.    The  bullet 
damages  only  the  parts  it  touches  ;  the  extension  of  the  inflammation  beyond 
these  parts  is  entirely  due  to  pent-up  and  ]iutri(l  discharges.    The  extent  ol' 


SYMPTOMS  OF  GUN-SHOT   WOUNDS.  345 

tissue  actually  killed  by  the  contact  of  the  ball  is  comparatively  limited  ;  the 
wide-spread  sloughing  that  may  follow  a  gun-shot  wound  is  due  to  the  irritation 
of  tension  and  of  the  chemical  products  of  putrefaction. 

The  ordinary  course  of  a  gun-shot  wound  is  as  follows  :— As  soon  as  the 
patient  has  rallied  from  the  shock  the  temperature  begins  to  rise  above  normal. 
By  the  second  day  the  inflammation,  consequent  upon  the  irritation  of  putrid 
matter  and  the  tension  caused  by  the  abundant  exudation  from  the  injured 
tissues,  begins  to  manifest  itself.    The  pain  which,  at  the  moment  of  infliction 
may  have  been  but  slight,  becomes  extremely  acute,  owing  principally  to  the 
great  tension.    By  the  third  day  suppuration  sets  in,  often  most  profuse  and 
extensive,  not  only  in  the  track  of  the  ball,  but  widely  diflPused  through  the 
neighbouring  parts.    The  discharges  are  offensive  fi-om  putrefaction  and  find 
a  very  imperfect  exit  by  the  comparatively  narrow  openings  of  the  wound. 
Consequently  the  patient  suffers  severely  from  the  absorption  of  septic  matter, 
.  the  fever  being  very  high  and  the  constitutional  disturbance  very  great  ;  in 
fact,  many  die  about  this  time  from  septic  poisoning.    Should  a  more  ready 
exit  be  established  for  the  discharges,  the  fever  subsides  by  about  the  tenth 
day,  as  granulations  spring  up  and  limit  the  absorption  of  the  products  of 
putrefaction.     A  period  of  great   danger   in   gun-shot  wounds  is  that 
during  which  the  sloughs  separate,  usually  from  the  sixth  to  the  tweutieth 
day.    At  this  period  Consecutive  Haemorrhage  is  very  apt  to  come  on, 
after  slight  exertion,  without  any  warning.    Baudens  states  that  this  occur- 
rence is  most  likely  to  happen  on  the  sixth  day.    This  may  be  suddenly 
fatal,  and  is  always  more  dangerous  than  the  primary  hjEmorrhage,  not  only 
on  account  of  the  difiiculty  of  arresting  it,  but  because  the  patient  has 
been  already  weakened  by  septic  inflammation,  suppuration,  and  fever. 
Secondary  hemorrhage  may  occur  from  causes  other  than  the  separation  of 
the  sloughs  and  the  consequent  opening  up  of  a  contused  or  inflamed  artery. 
It  may  take  place  from  an  artery  wounded  by  a  spiculum  of  fractured  bone  ; 
and  from  the  same  cause  it  may  arise  at  any  period  until  all  detached  bone  is 
separated  and  the  wound  firmly  cicatrized.    Chisholm,  of  the  American  Con- 
federate army,  mentions  a  case  of  death  from  secondary  haemorrhage  on  the 
328th  day  after  a  gun-shot  fracture  of  the  upper  third  of  the  thigh,  owing  to 
a  wound  of  the  femoral  artery  by  a  detached  sequestrum.    Independently  of 
this  danger  from  secondary  hfemorrhage,  the  patient,  if  his  limb  be  saved,  may 
have  to  undergo  long  and  tedious  processes  of  exfoliation  of  dead  bone,  and  to 

1  run  the  risk  of  intercurrent  attacks  of  erysipelas,  hospital  gangrene,  and 

•  pyasmia. 

Although  a  bullet  wound  in  the  vast  majority  of  cases  follows  the  course 
above  described,  inflammation  and  profuse  suppuration  are  not  inevitable 
results.  Middleton  Michel  of  Charlestown,  U.S.A.,  relates  many  cases  in  which 
gun-shot  wounds,  inflicted  by  the  Minie  rifle  bullet,  healed  without  suppuration 
even  when  the  bones  were  injured.  Such  cases  are  sufficient  evidence  that  the 
destruction  of  tissue  caused  directly  by  the  action  of  the  bullet  is  not  so  exten- 
■  s^ye  as  was  at  one  time  supjjosed,  and  that,  could  perfect  drainage  be  combined 
Vith  prevention  of  decomposition,  gun-shot  wounds  would  be  robbed  of  half 
vheir  dangers. 

There  is  every  reason  to  believe  that  warfare  in  modern  times  is  fully  as 
destructive  to  life  as  it  was  formerly,  if  not  much  more  so  ;  not  in  the  propor- 
tion of  the  killed  to  the  number  of  combatants  engaged,  but  in  relation  to  the 
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recoveries  among  the  wounded.  This  at  first  sight  appears  remarkable,  wlien 
we  consider  the  great  advances  that  have  been  made  in  surgical  ti'eatment 
and  in  sanitary  arrangements.  But  unfortunately  the  means  by  which 
these  great  advances  have  been  brought  about  are  seldom  at  the  command 
of  the  military  surgeon.  A  very  large  propoi'tion  of  gun-shot  wounds  must 
occur  under  circumstances  which  render  antiseptic  treatment  uncertain  or 
impossible  ;  whilst  the  enormous  number  of  men  engaged  has  yielded  so 
large  a  number  of  sick  and  wounded  that,  after  the  first  few  weeks,  the 
sanitary  arrangements  have  hitherto  broken  down  under  the  pressure,  and 
secondary  septic  diseases  have  committed  the  most  frightful  ravages.  More- 
over the  size  and  form  of  the  projectiles  now  used,  and  the  force  with  which 
they  are  driven,  are  such  as  to  render  the  wounds  inflicted  by  them  infinitely 
more  destructive  than  they  used  to  be  ;  and  thus  the  advance  in  surgical 
treatment  has  up  to  the  present  time  been  more  than  neutrahzed  by  the  more 
deadly  nature  of  the  injuries. 

Treatment. — The  slighter  and  purely  superficial  gun-shot  injuries  generally 
require  merely  to  be  treated  on  the  ordinary  principles  that  guide  us  in  the 
management  of  contusions  and  lacerations  generally.  When  they  afiect  the 
head,  chest,  or  abdomen,  they  present  so  many  circumstances  of  special  im- 
portance, that  we  must  defer  the  consideration  of  them  until  we  treat  of 
injuries  of  those  regions. 

In  all  cases  of  gun-shot  wound,  certain  immediate  attentions  are  necessary 
in  order  to  place  the  sufferer  in  some  degree  of  comfort  and  safety  until  more 
definite  treatment  can  be  adopted.  It  is  impossible  on  the  field  to  carry  out 
antiseptic  treatment  with  the  same  certainty  as  in  a  general  hospital,  but  a 
great  deal  can  be  done  to  avoid  unnecessary  contamination  of  the  wound.  The 
fate  of  the  soldier  is  truly,  as  Nussbaum  has  said,  in  the  hands  of  the  Surgeon 
who  first  attends  him.  If  primary  antiseptic  treatment  is  at  once  used,  he 
will  have  an  infinitely  better  chance  than  by  any  other  method. 

It  is  generally  believed  that  unless  a  portion  of  clothing  or  some  other 
foreign  body  is  carried  in  by  the  bullet,  the  wound  may  be  regarded  as  aseptic 
immediately  after  its  infliction,  infection  occurring  most  commonly  as  a  con- 
sequence of  the  introduction  of  an  unpurified  finger  or  probe.  It  is  therefore 
now  laid  down  as  a  rule  that  no  examination  of  the  wound  should  be  made 
and  no  operation  undertaken,  except  for  the  arrest  of  haemorrhage  or  imme- 
diate preservation  of  life,  until  the  patient  has  been  removed  to  a  field- 
hospital  in  the  rear,  where  antiseptic  treatment  can  be  efficiently  carried  out. 
On  the  field  the  treatment  should  as  far  as  possible  be  limited  to  the  ap- 
plication of  a  pad  of  some  absorbent  antiseptic  material,  secured  by  a  tri- 
angular handkerchief  or  a  bandage.  This  first  dressing  is  in  most  armies  carried 
by°the  soldier  as  part  of  his  kit.  It  is  not  yet  determined  what  is  the  best 
material  to  be  used  for  this  purpose.  Probably  the  most  efficient  would  be  a 
pad  of  gauze  or  compressed  absorbent  wool  impregnated  with  corrosive  sub- 
limate. This  might  be  wrapped  in  the  handkerchief,  surrounded  by  some 
impermeable  material  to  keep  it  from  wet  or  perspiration,  and  sewn  in  some 
convenient  part  of  the  soldier's  dress.  With  it  might  be  carried  a  tablet  of 
perchloride  of  mercury  and  salt  (p.  199)  sufficient  to  make  a  pint  of  1  in  500 
lotion,  with  which  the  skin  might  be  washed  before  applying  the  pad,  provided 
any  water  could  be  obtained.  Under  treatment  similar  to  this  gun-shot 
wounds  have  not  unfrequently  healed  by  scabbing,  even  when  implicating 
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bones  or  joints,  although  such  a  fortunate  result  cannot  be  relied  upon. 
Iodoform  can  hardly  be  carried  in  any  form  as  a  "first  dressing"  owing  to  its 
unpleasant  smell,  but  enough  to  dust  the  apertures  of  entry  and  exit  of  many 
wounds,  could  easily  be  carried  by  the  Surgeon  on  the  field,  and  by  this  means 
itsepticity  ijiight  possibly  be  rendered  more  certain.  All  ideas  of  syringing 
out  the  wound  with  an  antiseptic  and  the  insertion  of  drainage-tubes  on  the 
field  are  now  abandoned  as  impracticable.  If  a  bone  or  joint  be  injured,  the 
limb  must  be  placed  on  a  splint  of  some  kind,  extemporized  from  such 
material  as  may  be  at  hand.  A  bayonet  forms  a  useful  splint  for  the  leg,  arm, 
or  fore-arm  ;  and  for  the  thigh  a  rifle  may  be  applied  to  the  outer  side  of  the 
limb  with  the  stock  against  the  side  of  the  body. 

If  there  be  abundant  venous  haemorrhage,  the  limb  should  be  raised  ;  and 
if  this  do  not  arrest  the  bleeding,  a  compress  should  be  used.  If  the  hemor- 
rhage be  arterial,  a  tourniquet  must  be  applied.  So,  also,  a  tourniquet  should 
be  employed  if  there  be  rapid  dripping  of  blood. 

If  a  limb  be  smashed,  or  torn  away,  a  tourniquet  should  be  applied  to 
the  stump,  which  must  be  covered  up  with  w^et  cloths.  The  pressure  of  the 
toui-niquet  will  not  only  arrest  haemorrhage,  but  will  stay  that  spasmodic 
quivering  of  the  muscles  which  is  so  painful  to  the  sufferer. 

If  the  head  or  neck  be  wounded,  the  wound  must  be  treated  as  above 
described,  and  hsemorrhage,  whether  venous  or  arterial,  should  be  arrested  by 
])ressure  with  the  fingers. 

If  the  chest  be  shot  through,  the  patient  should  be  laid  on  the  injured  side, 
and  cold  employed.  If  emphysema  occur,  or  if  air  pass  freely  through  the 
wound,  a  body-bandage  must  be  tightly  applied. 

If  the  abdomen  be  wounded,  the  patient  should  be  laid  on  the  injured  side, 
if  the  aperture  be  lateral  ;  if  it  be  central,  on  his  back,  with  the  knees  bent 
over  a  log  or  knapsack,  or  other  support.  If  the  intestine  protrude,  it  must  be 
washed  and  returned  at  once. 

In  addition  to  those  immediate  attentions  which  may  be  bestowed  upon 
sufferers  from  gun-shot  womids  before  they  are  sent  to  the  hospital  for  more 
methodical  treatment,  the  influence  of  the  shock  and  pain  should  be  counter- 
acted by  the  administration  of  a  little  brandy-and-water  and  opium,  and  plenty 
of  cold  water  should  be  given  to  allay  thirst. 

Gnn-sliot  Wounds  in  the  Extremities  may  be  divided  into  two  great 
classes  in  reference  to  treatment :— I.  Those  that  do  not  require  amputation  ; 
II.  Those  in  which  amputation  is  necessary. 

I.  Those  cases  of  gun-shot  injury  that  do  not  require  amputation  must 
be  treated  on  the  principles  that  guide  us  in  the  management  of  other  wounds  ; 
the  Surgeon  bearing  in  mind,  however,  that  these  injuries,  unless  they  can 
be  kept  aseptic,  are  especially  apt  to  be  followed  by  severe  dilTuse  inflammation, 
and  that  sloughing  is  very  prone  to  occur  in  the  track  of  the  ball. 

The  first  point  to  be  attended  to  in  these  cases  is  the  Arrest  of  Hsemor- 
rliage.  In  general,  this  may  not  give  much  trouble  :  but,  if  a  large  vessel 
be  injured,  the  loss  of  blood  will  rapidly  prove  fatal.  The  bleeding  may  in 
the  first  instance  be  stopped  by  direct  pressure  with  the  fingers  on  the  bleeding 
part,  followed  by  the  application  of  the  tourniquet,  the  most  convenient  form 
being  the  simple  elastic  band.  If  this  be  not  at  hand,  some  substitute  must 
be  made  use  of,  such  as  a  pebble,  of  about  the  size  of  an  egg,  rolled  in  the 
middle  of  a  pocket-handkerchief  and  laid  over  the  artery,  the  handkerchief 
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being  knotted  round  the  limb,  and  then  twisted  up  tightly  with  a  piece  of 
stick  or  the  hilt  of  a  sword  passed  under  it  (Fig.  111).  The  wound  in  the 
artery  may  render  amputation  (jf  the  limb  necessary  ;  if  not,  haemorrhage 

must  be  arrested  by  making  an  im-iBion 
down  to  the  bleeding  vessel,  and  applying 
a  h'gature  on  each  side  of  the  wounded 
point,  for  reasons  that  will  be  stated  when 
we  come  to  speak  of  Injm'ies  of  Arteries. 
In  military  practice,  however,  such  opera- 
tioi^s  for  primary  hasmorrhage  ai)pear  to 
be  very  rare.  The  fact  is  that,  if  a  large 
artery  be  wounded,  the  patient  usually  dies 
from  haemorrhage  before  anything  can  be 
done  to  arrest  it.  If  a  small  vessel  only 
be  divided,  the  hfemorrhage  will  speedily 
cease  of  itself. 

The  second  point  to  be  attended  to  is 
the  Extraction  of  Foreign  Bodies,  such 
as  shot,  slugs,  or  bullets,  wadding,  pieces 
of  clothing  that  have  been  carried  in 
with  the  ball,  splinters  of  bone,  and  other 
matters  of  a  hke  kind.  This,  for  the 
reasons  already  given,  should  not  be  un- 
dertaken on  the  field  of  battle,  nor  is  it 
Fig.  iii.-Gun-shot  Wound  of  Thigh:  Mode  neccssary  to  examine  the  wound  as  soon 
of  conipressing  Artery  temporarily.       3,8  the  paticut  arrives  at  the  hospital  in  all 

cases  if  it  is  known  that  the  bullet  has 
not  lodged.  If  an  antiseptic  first  dressing  has  been  apphed  and  is  drying  on 
the  wound,  it  may  be  left  in  the  hope  of  scabbing  taking  place,  unless  a  rise 
of  temperature  and  increased  pain  show  that  suppuration  is  commencing. 
The  modern  rifle  bullet,  owing  to  its  conical  form  and  its  great  velocity,  does 
not  in  the  majority  of  cases  carry  any  portion  of  the  clothing  with  it.  If 
foreign  bodies  are  carried  into  the  wound  they  will  generally  be  found  near 
the  aperture  of  exit,  through  which  they  may  often  be  more  easily  extracted. 

If  the  Uillet  lodge,  it,  together  with  any  foreign  bodies  accompanying  it, 
must  be  extracted  through  the  wound,  or  cut  out  by  a  counter-opening.  This 
second  opening  is  often  of  great  utility  in  aifording  a  ready  exit  for  subsequent 
discharges.  Palpation  of  the  limb  or  region  struck  will  often  lead  to  the 
discovery  of  the  l)ullet,  when  it  lies  among  the  muscles  or  beneath  the  skin. 
A  consideration  of  the  direction  whence  the  bullet  came,  and  the  position  of 
the  patient  when  hit,  will  often  direct  attention  to  the  spot  where  the  ball  has 
lodged.  If  possible,  the  same  position  of  body  or  limb  should  be  a.s.sumed  ; 
the  track  of  the  bullet  will  thus  be  straightened,  and  the  finger  or  probe  can 
be  carried  down  to  it  more  readily.  In  searching  for  bullets  and  other  foreign 
bodies,  care  should  be  taken  not  to  probe  the  wound  unnecessarily  fi-om  mere 
curiosity,  or  so  as  to  excite  irritation  ;  in  many  cases,  the  introduction  of  the 
finger  is  far  more  useful  than  that  of  the  probe.  The  advice  given  by 
Anibroise  Pare,  three  hundred  years  ago,  with  regard  to  the  examination  of  gun- 
shot -SPounds,  can  scarcely  be  improved  upon.  After  recommending  that  the 
examination  of  the  wound  be  made  as  soon  after  the  injury  as  jiossible,  before 
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swelling  and  inflammation  set  in,  he  says  :  "  This  is  the  principal  thing  in  the 
performance  of  this  work,  that  vou  place  the  patient  in  just  such  a  postm-e  as 
he  was  in  at  the  receiving  of  the  wound  ;  for  otherwise  the  various  motions 
and  turnings  of  the  muscles  will  either  hinder  or  straiten  the  passage  forth 
of  the  contained  bodies.  You  shall,  if  it  be  possible,  search  for  these  bodies 
with  your  finger,  that  you  may  the  more  certainly  and  exactly  perceive  them. 
Yet,  if  the  bullet  be  entered  somewhat  deep  in,  then  you  shall  search  for 
it  with  a  round  and  blunt  probe,  lest  you  put  the  patient  to  pain."  The 
extraction  of  the  hulM  should  be  accomplished  without  delay,  before  inflamma- 
tion has  sent  in,  and  the  hps  and  sides  of  the  wound  have  become  swollen. 
As  Macleod  justly  observes,  the  extraction  of  the  ball  not  only  removes  a 
source  of  physical  irritation  and  suffering,  but  also  of  mental  disquietude. 
Bullets  cannot,  as  a  rule,  be  allowed  to  remain  lodged  in  the  body  with 
impunity.  It  is  true  that  in  some  cases  they  become  encysted,  and  so  cease 
to  irritate  ;  but  in  the  great  majority  of  instances  they  produce  suffering 
and  constitutional  distm-bance,  and  may  at  last  occasion  fatal  mischief  ;  for, 
although  a  bullet  may  continue  fixed  for  years,  yet  it  may  at  last,  under  the 
influence  of  muscular  action,  gravity,  or  the  absorption  of  fat,  begin  to  move 
and  give  rise  to  injutious  consequences.  The  bullet  should,  therefore,  always  be 
removed  when  possible,  but  if  it  is  not  readily  found  the  attempt  to  discover  it 
should  not  be  continued  too  long,  as  more  harm  may  result  from  this  than  fi-om 
leaving  it.  If  any  foreign  body  be  very  tightly  fixed,  so  that  it  cannot  easily 
be  removed,  it  must  be  left  till  loosened  by  suppuration.  Sometimes  a  bullet  is 
firmly  fixed  in  the  cancellous  structure  of  the  articular  end  of  a  bone.  It  may 
be  removed  thence  by  means  of  an  elevator  or  by  the  screw-probe  (Fig.  112). 

Various  instruments  are  used  for  the  detection  and  removal  of  buHets  and 
other  foreign  bodies.    There  is  usually  no  material  difficulty  in  detecting  the 
presence  of  a  bullet,  by  means  of  an  ordinary  steel  probe  of  sufficient  length. 
In  some  cases  of  peculiar  and  exceptional  difficulty,  where  the  bullet  is  lodged 
deeply  in  the  cancellous  structure  of  a  bone,  or  amongst  swollen  and  infiltrated 
tissttes,  its  presence  may  be  detected  by  the  ingenious  device  adopted  by 
Nelaton  in  the  case  of  Garibaldi,  of  passing  a  probe  armed  with  a  piece  of 
unglazed  porcelain  down  to  the  suspected  site  of  the  bullet,  and  seeing  if  a 
streak  of  lead  is  left  on  the  rough  surface  of  the  china  (Fig.  113).  Bullet- 
detectors  have  also  been  contrived,  in  which,  by  an  arrangement  of  two  insulated 
metal  probes  in  a  cannula  connected  with  a  galvanometer,  the  galvanic  circuit 
is  completed  when  the  bullet  is  touched,  and  the  needle  of  the  galvanometer 
deflected  ;  or,  instead  of  the  latter  instrument,  the  ordinary  telegraph  alarum 
may  be  interposed,  the  bell  of  which  rings  when  the  circuit  is  completed 
by  the  bullet  or  any  other  metallic  body  being  touched.    These  various 
contrivances  are  more  ingenious  than  practical,  and  may  be  looked  upon  as 
Surgical  toys  rather  than  as  useful  instruments.    For  the  removal  of  bullets, 
long  and  strong  forceps  are  required^  the  action  of  which  may  be  aided  by  a 
screw  probe.    The  accompanying  woodcuts  (Figs.  114,  115,  lit;,  and  117) 
represent  the  best  forms  of  bullet-screws,  forceps,  and  extractors. 

The  splinters  produced  by  the  passage  of  a  ball  through  a  bone  arc  more 
numerous  and  larger  when  the  injury  has  been  inflicted  by  a  conical  rifie- 
ball.  The  impetus  of  this  projectile  is  so  great,  and  its  wedge-like  action  so 
destructive,  that  the  bone  struck  is  shattered  into  a  number  of  fragments,  as 
well  as  split  longitudinally,  often  to  a  great  extent.    These  fragments  'are 
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detached  to  a  greater  or  less  extent  from  their  connections  with  the  soft  part*, 
and  carried  out  of  the  axis  of  the  Umb.  Dupuytren,  who  was  fond  of  systema- 
tizing, has  classified  splintei's  of  tliis  kind  under  tlie  three  lieads  of  primary, 
secondary,  and  tertiary.  By  primary  splinters  are  meant  tliose  wliich  are 
carried  completely  across  the  limb,  detached  fi'om  the  soft  parts,  and  lodged 
near  the  aperture  of  exit.  The  secondary  splinters  are  those  which  are  still 
attached  by  a  strip  of  periosteum  or  fibrous  tissue  ;  and  the  tertiary  are  those 
portions  of  bone  which,  from  the  violence  done  to  them,  often  necrose  and 


Kig.  112.    Kg.  113.—  Fig.  314.— lJuIlet-scrcw,   Fig.  115.—  Fig.  116.— Bullet-forceps.       Fig.  117.— 

—Screw      Nclaton's  Forceps,  and  Bullet-  Hook  Splin- 

Probe.        Probe.  Extractor.  Kxtrnotor.  ter-Forccps. 


separate  at  a  subsecpient  period.  The  treatment  of  these  different  kinds  of 
splinters  must  necessarily  vary.  The  primary,  which  are  already  completely 
detached  and  are  incapable  of  consolidation,  must  be  treated  as  foreign  bodies 
and  extracted.  The  secondary,  if  very  loose,  must  also  be  removed  ;  but,  if 
more  firmly  fixed,  they  may  l)e  pushed  into  the  axis  of  the  injured  bone  and 
left,  when  they  may  become  consolidated  by  callus,  and  so  serve  in  the  recon- 
struction of  the  bone.  The  tertiary,  which  do  not  separate  until  after  about  six 
or  seven  weeks,  must  be  removed  as  soon  as  possible  ;  if  they  become  engaged 
in  a  mass  of  callus,  it  may  be  a  considerable  time  before  they  are  loose  enough 
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to  be  removed  ;  and,  until  then,  sinuses  leading  down  to  them  will  remain  open 
even  for  years. 

The  reunion  of  comminuted  gun-shot  fractures  may,  in  appropriate  cases 
be  assisted  by  the  resection  of  the  fractured  ends  of  the  bones.    This  plan  has 
been  especially  successful  in  the  bones  of  the  upper  extremities.    After  re- 
section of  the  ends  the  fragments  may  be  kept  in  apposition  by  metallic 
sutures,  as  suggested  by  Howard,  of  the  American  army. 

In  those  cases  in  which  small  shot  are  lodged  under  the  skin,  they  may  be 
curned  out  by  being  cut  down  to  with  a  fine  scalpel ;  when  more  deeply  lodo-ed, 
uo  attempt  should  be  made  to  extract  them. 

The  Treatment  of  the  Wound  itself  must  be  conducted  on  ordinary 
surgical  principles.  As  has  already  been  stated,  there  will,  as  a  rule,  be  violent 
iuflammation  aud  sloughing  along  the  whole  track  of  the  ball,  unless  decom- 
position can  be  prevented  ;  although  instances  have  been  recorded  of  primary 
union  in  gun-shot  wounds,  uncomplicated  with  fracture  or  tlie  lodgment  of 
foreign  bodies,  even  without  any  special  mode  of  antiseptic  treatment.  The 
principal  points  to  be  attended  to  are,  to  limit  inflammation  by  rest,  drain- 
age, and  the  use  of  antiseptics,  to  watch  and  facilitate  the  separation  of 
sloughs  should  they  form,  and  to  pay  scrupulous  attention  to  cleanliness  and 
the  general  hygienic  surroundings  of  the  patient. 

By  adopting  some  form  of  antiseptic  treatment,  inflammation  may  be 
limited,  and  the  formation  of  sloughs  avoided  ;  in  both  civil  and  military 
practice  the  repair  of  gun-shot  fractures  without  suppuration  has  been 
frequently  obtained  by  this  mode  of  dressing. 

In  cases  occurring  in  civil  practice  the  employment  of  antiseptics  with 
all  needful  precautions  is  easy,  and  the  results  are  correspondingly 
satisfactory.  Kraske  has  published  a  series  of  twenty-three  cases  under 
the  care  of  Volkmann  in  Halle,  treated  by  strict  antiseptic  dressing  with 
enlargement  of  the  apertures,  both  of  entry  and  exit,  to  facilitate  drainao-e. 
Of  these  two  died— one  a  perforating  wound  of  the  skull,  and  one  wound ''of 
the  abdomen  perforating  the  hver,  kidney,  and  pleura.  The  twenty-one  cases 
that  recovered  were  the  following  :  five  flesh  wounds,  two  flesh  wounds 
requiring  primary  ligature  of  the  femoral  artery  for  hEemorrhage,  two  of  the 
arm,  with  fracture,  four  wounds  of  the  knee-joint,  two  perforating  wounds  of 
the  skull,  and  six  of  the  chest. 

In  mihtary  practice  it  is  to  be  hoped  that  the  simpler  modes  of  dressing 
now  adopted  will  make  it  possible  to  carry  out  efiicient  antiseptic  treatment 
even  after  such  battles  as  those  of  the  Franco-German  war.  At  the  time  of 
the  Russo-Turkish  war  of  1876-77  the  generally  accepted  antiseptic  treatment 
was  that  by  means  of  carbolic  acid,  including  the  use  of  the  spray  and 
the  gauze  dressing,  and  several  of  the  Russian  Surgeons  attempted  this. 
l>ergmann,  however,  according  to  Surgeou-Major  Melladew,  found  it  im- 
possible to  carry  it  out  with  anything  like  completeness  at  the  crossing  of 
the  Danube,  where  the  wounded  were  comparatively  few.  The  river-water 
was  full  of  sand  and  mud,  which  soon  choked  the  spray-producers,  and 
rendered  them  useless;  and  no  amount  of  cai'bolic  acid  was  sufficient  to 
[turify  it  so  as  to  take  away  its  foul  smell.  Then,  again,  the  skin  of  the 
wounded  soldier,  begrimed  with  the  dust  and  sweat  of  long  marches,  could 
not  be  cleansed  with  the  appliances  usually  at  hand. 

But  yet,  notwithstanding  all  these  cirawbacks,  the  antiseptic  treatment 


3S2 


Q  UN-SHOT  WOUNDS. 


did  more  than  had  ever  been  effected  by  any  other  ;  for  it  was  by  its  means 
that  Bergmann  and  Reylier  saved  almost  all  their  cases  of  gun-shot  wound  of 
the  knee-joint.  Eeyher,  who  had  provided  himself  with  all  the  materials  for 
Lister's  carbolic  gauze  treatment,  adopted  two  modes  of  dressing.  If  the 
apertures  of  the  wound  were  very  small,  and  no  foreign  bodies  or  splinters  of 
bone  required  removal,  he  simply  washed  the  skin  externally  with  1  in  2(> 
solution  of  carbolic  acid,  ;iiid  applied  a  dry  gauze  dressing,  which  was  left 
untouched,  the  wound  being  allowed  if  possiljle  to  heal  by  scabbing  beneath 
it.  If  the  apertures  were  large,  and  splinters  of  bone  had  to  be  removed,  he 
carried  out  Lister's  treatment  with  all  its  details,  with  injection  of  the  wound, 
drainage,  and  repeated  dressings.  By  both  these  modes  of  treatment  lie 
obtained  a  large  measure  of  success. 

The  best  mode  of  carrying  out  the  antiseptic  treatment  is  still  undetermined, 
but  perchloride  of  mercury  seems  the  most  practically  useful  agent  for 
cleaning  the  skin,  disinfecting  the  wounds  and  impregnating  the  dressings. 
Carbolic  acid  would  oiily  be  required  for  the  instruments  used  during 
operations.  The  advaritageis  of  the  perchloride  are  that  it  can  be  carried  in 
the  solid  form  and  occupies  little  space  ;  it  is  one  of  the  most  powerful  of  all 
antiseptics,  and  the  Surgeon  himself  or  his  assistants  can  by  means  of  it 
easily  convert  any  absorbent  substance  into  an  efficient  antiseptic  dressing, 
tvhich,  when  applied,  may  be  left  undisturbed  as  a  lasting  dressing  in  a  large 
proportion  of  cases. 

The  use  of  iodoform  is  strongly  advocated  by  some  Surgeons,  but  it  is 
doubtful  whether  it  would  prove  as  efficient  as  the  perchloride  of  mercury  in 
the  prevention  of  the  effects  of  the  unavoidable  over-crowding  which  foUows 
a  battle. 

In  order  to  limit  the  inflammation,  it  was  in  former  times  a  common 
practice  with  military  Surgeons,  and  still  is  sO  with  the  French,  to  enlarge  by 
incision  the  wound  made  by  the  ball,  with  a  view  of  providing  a  better  exit  for 
discharges  and  preventing  tension.  John  Hunter,  who  regarded  the  inflam- 
mation and  sloughing  that  occur  in  gun-shot  wounds  as  dependent  solely  on 
the  contused  nature  of  the  wound,  maintained  that  this  practice  only  super- 
added another  injury  to  the  one  already  inflicted  by  the  bullet ;  and  following 
his  precepts,  British  Surgeons  have  employed  the  knife  in  the  early  stages  of 
gun-shot  wounds,  only  for  the  purpose  of  facilitating  the  hgature  of  bleeding 
l^essels,  or  the  extraction  of  foreign  bodies.  In  the  more  advanced  stages, 
however,  free  incisions,  which  should  be  made  in  the  direction  of  the  axis  of 
the  limb,  are  commonly  required  in  order  to  lessen  inflammatory  tension,  to 
prevent  the  extension  of  sloughing,  and  to  favour  the  escape  of  discharge. 

At  the  present  time,  however,  when  the  necessity  of  perfect  drainage  is  so 
fuUv  understood,  it  becomes  a  question  whether  it  would  not  bo  better  practice 
to  enlarge  the  wound  when  it  is  evidently  too  small  to  give  a  perfectly  free 
exit  to  the  discharges.  Such  a  line  of  practice  undoubtedly  facilitates  the 
antiseptic  treatment,  when  union  by  scabbing  is  not  obtained,  as  it  renders 
the  (;leaning  of  the  wound  more  easy,  and  for  this  reason  it  was  adopted  by 
Volkmann  in  the  cases  before  iiUuded  to. 

If  the  Surgeon  is  unable  to  adopt  any  antisejitic  dressing,  the  best  mode  of 
icssening  inflammation  in  a  gun-shot  wound  in  the  early  stages,  and  more 
especially  in  hot  climates,  is  cold  in-igation,  or  if  possible  the  application  of 
dry  cokl  by  means  of  ice  in  india-rubber  bags,  conjoined  with  drainage  and 
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rest.  As  suppuration  comes  on,  warm  applications  must  be  substituted  for 
the  cold,  so  as  to  hasten  the  formation  of  matter  and  the  separation  of  the 
sloughs,  whilst  disinfectants  should  be  freely  used  to  the  whole  cavity  of 
the  wound.  All  bagging  and  burrowing  of  matter  must  be  carefully 
guarded  against  by  position,  pressure,  drainage,  and  counter-openings.  Free 
incisions  may  also  now  be  required.  These  should  not  be  delayed  too 
long.  They  may  be  required  for  three  purposes  :  first,  to  relieve  the  tension 
resulting  from  deep  infiltration  of  the  limb  by  inflammatory  effusions  ; 
secondly,  to  open  up  purulent  collections,  and  give  exit  to  the  decom- 
posing discharges,  and  thus  to  relieve  the  severe  constitutional  disturbance 
dependent  upon  the  absorption  of  the  chemical  products  of  putrefaction  ;  and 
thirdly,  to  extract  sphnters  of  bone,  portions  of  clothing,  and  other  foreign 
bodies  that  could  not  be  removed  in  the  first  instance.  When  the  inflammation 
is  very  acute  and  will  not  yield  to  the  measures  just  enumerated,  it  has  been 
recommended  to  compress  or  tie  the  main  artery  leading  to  the  part  ;  there 
can  be  no  harm  in  trying  the  former,  but  the  latter  is  not  justiflable.  At  the 
period  of  the  loosening  and  separation  of  the  sloughs,  there  is  always  especial 
danger  of  the  supervention  of  consecutive  haemorrhage.  The  patient,  con- 
sequently, at  this  time  requires  to  be  carefully  watched  :  if  the  wound  be  in 
the  vicinity  of  a  large  vessel,  a  tourniquet  should  be  placed  loosely  round  the 
limb,  so  as  to  be  screwed  up  at  a  moment's  notice  ;  and,  on  the  occurrence 
of  bleeding,  the  artery  must  be  ligatured,  if  possible,  at  the  seat  of  the  wound, 
or,  if  this  be  not  practicable,  in  the  most  convenient  situation  above  it ;  and 
if  this  do  not  arrest  the  bleeding,  recourse  should  be  had  to  amputation. 

Serious  results,  such  as  abscesses,  profuse  discharges,  osteomyelitis,  necrosis, 
and  the  separation  of  splinters  of  bone,  must  be  subsequently  looked  for  in 
many  cases  ;  and  these  results  may  be  prolonged  for  many  years,  at  last 
perhaps  wearing  out  the  patient  if  the  cause  of  irritation  be  not  removed. 
Thus  General  Bem  required  to  have  a  bullet  removed  by  Liston  from  the 
external  condyle  of  his  femur,  nineteen  years  after  it  lodged  there  ;  and 
Marshal  Moncey  died  from  the  effects  of  a  gun-shot  wound,  forty  years  after 
its  receipt.  A  soldier  who  was  wounded  at  the  storming  of  the  Redan,  died 
under  my  care  in  the  University  CoUege  Hospital,  two  years  and  a  half  after 
that  event,  of  exhaustion  resulting  from  a  large  lumbar  abscess.  On  examina- 
tion it  was  found  that  the  buUet,  which  had  entered  the  left  side  of  the  chest, 
wounded  the  lung,  traversed  the  diaphragm,  notched  the  spleen,  passed 
between  the  kidney  and  suprarenal  body,  and  perforated  the  spine,  was  lying 
encapsuled  on  the  right  side  of  one  of  the  vertebrte,  pressing  upon  the  right 
renal  vessels.  Its  irritation,  and  that  of  the  sequestra  from  the  injured  spine, 
produced  the  abscess,  from  the  effect  of  which  the  patient  died. 

The  aperture  of  exit  usually  heals  sooner  than  the  aperture  of  entry,  pro- 
bably owing  to  the  more  extensive  sloughing  that  often  takes  place  round  the 
latter. 

II.  Amputation  is  required  in  gun-shot  injuries  in  two  classes  of  cases 
very  dissimilar  in  character. 

First,  in  cases  in  which  the  limb  is  wholly  or  in  part  carried  away  or  so  shattered 
that  there  could  be  no  doubt  in  the  mind  of  any  Surgeon  as  to  the  necessity 
for  immediate  amputation  ;  and  secondly,  in  various  cases  in  which  a  Surgeon, 
judging  solely  from  the  accidents  of  civil  hfe,  might  not  at  first  think  the 
operation  necessary.    For  example,  in  a  bullet  wound  of  the  knee-joint,  the 
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upparent  injury  may  be  very  slight,  yet  experience  has  shown  that  an  attempt 
to  save  the  limb  under  circumstances  iu  which  efficient  antiseptic  treatment 
cannot  be  adopted,  rarely,  if  ever,  succeeds. 

The  following  is  a  specification  of  the  chief  conditions  in  which  amputation 
IS  i-equired  We  have  still  to  learn  how  far  the  use  of  antiseptics  will  enable 
us  to  modify  some  of  these  rules  ;  but  it  is  probable  that  the  military  .Surgeon 
of  the  future  will  not  always  have  the  necessary  materials  at  his  command  fur 
strict  antiseptic  treatment,  and  he  must  then  be  guided  in  his  practice  by  liig 
experience  of  former  times,  and  resort  to  amputation  in  cases  in  which  under 
more  favourable  conditions,  there  might  be  a  fair  prospect  of  saving  the'  limb 

1.  When  the  whole  hmb  is  carried  off;  a  ragged  stump  merely  bein^r  left  • 
so  hkewise,  if  the  limb  be  completely  crushed  and  disorganized  though  still 
left  attached  ;  or  again,  if  the  principal  vessels  be  injured  and  the  soft  i)ai-ts 
carried  away,  though  the  bone  be  intact,  the  limb  cannot  be  preserved 

2  Amputation  is  especially  necessary  in  some  of  the  more  serious  injui-ies 
of  the  lower  extremity  ;  thus,  if  a  bullet  divide  the  femoral  vessels  or  the 
sciatic  nerve,  and  spKnter  the  thigh-bone  ;  or  if  the  sciatic  nerve  and  soft  parts 
at  the  back  of  the  thigh  be  carried  away,  although  the  vessels  and  bone  be  left 
uninjured,  the  case  is  one  for  amputation.  It  may  be  stated  generally  (thou^rh 
doubtless,  there  are  exceptions  to  this,  as  to  all  general  rules  in  sui-gery)  that 
m  the  case  of  a  mnjwwid  fracture  of  the  loioer  third  of  the  femur  occasioned  by 
gun-shot,  amputation  is  the  safer  practice,  unless  the  patient  is  likely  to  be 
placed  in  exceptionally  favourable  circumstances  after  the  wound  and  the 
Surgeon  has  at  his  command  all  the  means  necessary  for  efficient  antiseptic 
treatment. 

The  mortality,  however,  after  amputation  for  gun-shot  injuiy  of  the  U2)per 
two-thirds  of  the  thigh,  is  so  very  great,  that  many  Surgeons  have  abandoned 
the  operation  in  these  cases,  and  professional  opinion  is  unsettled  as  to  the 
course  that  should  be  pursued.    In  the  Schleswig-Holstein  war  of  1849,  it 
became  a  question  with  many  of  the  German  and  Danish  Surgeons  whether 
this  operation  should  be  continued,  or  whether  the  patient  would  not  haA^e  a 
better  chance  if  the  injury  was  treated  on  ordinary  principles  as  a  compound 
fracture.    At  the  siege  of  Sebastopol,  the  mortahty  after  amputation  in  the 
upper  third  of  the  thigh  was  so  great  in  the  Russian  Army,  that  the  Surgeons 
abandoned  the  operation.    On  the  other  hand,  it  is  stated  in  the  Report  of 
Black  Sea  Fleet,  that  to  attempt  to  save  the  limb  in  any  case  of  gun-shot 
fracture  of  the  thigh  was  to  endanger  the  patient's  life.    In  the^'crimea, 
Macleod  states,  that  a  bad  compound  fracture  of  the  thigh  from  gun-shot  was 
synonymous  with  death.    This  was  partly  owing  to  the  bad  health  of  the 
troops,  and  partly  to  the  terrible  effects  of  conical  balls. 

Macleod  states  that,  although  he  made  every  inquiry,  he  could  hear  of  only 
three  cases  in  which  recovery  had,  in  the  Crimea,  followed  a  compound  fracture 
of  the  upper  third  of  the  thigh-bone  without  amputation.  But,  exceptional  as 
were  such  recoveries,  he  states  that  they  were  not  so  rare  as  after  amputation 
for  similar  injuries ;  as  indeed  was  proved  by  the  fact  that  not  one  patient 
recovered  after  amputation  at  the  hip-joint.  Hutiu,  the  Surgeon  to  the 
Invalides  in  Paris,  Avas  able  to  discover  twenty-four  cases  of  recovery  after 
compound  fracture  above  the  middle  of  tlie  thigh,  but  no  case  of  recovery  after 
amputation  for  injury  of  the  same  part.  In  the  British  army  in  the  Crimea, 
the  amputations  in  the  upper  third  of  the  thigh,  which  must  have  been  for 
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compound  fractures  low  down  in  the  bone,  were  fatal,  in  the  ratio  of  86  per 
cent. ;  of  those  in  the  middle,  probably  for  injuries  of  the  lower  articulai- 
end  and  knee,  60  per  cent,  died  ;  whilst  of  those  in  the  lower  third,  which  must 
have  been  for  injuries  of  the  knee  and  leg-,  the  mortality  Avas  reduced  to  56  per 
cent.  The  conclusions  at  which  Macleod  arrives,  after  a  careful  inquiry  into 
this  question,  are  so  important,  that  I  give  them  in  his  own  words.  He  says  : 
"  Under  circumstances  of  war  similar  to  those  which  occurred  in  the  East, 
wc  ought  to  try  to  save  compound  comminuted  fractures  of  the  thigh  when 
situated  in  the  upper  third  :  but  immediate  amputation  should  be  had  recourse 
to  in  the  case  of  a  like  accident  occurring  in  the  middle  and  lower  thirds." 
In  the  civil  war  in  America,  the  opinions  of  Surgeons  appear  to  have  been 
divided  ;  and  the  conclusion  arrived  at  seems  to  have  been  that,  provided 
the  large  vessels  and  nerves  were  not  injured,  and  the  circumstances  in  which 
the  patient  was  placed  as  to  conveyance  not  too  unfavourable,  the  chance  of 
recovery  would  be  equal  whether  amputation  were  performed  or  an  attempt 
made  to  save  the  limb.  But  even  in  these  circumstances  Hamilton  states 
that,  although  his  experience  in  that  great  war  has  led  him  to  the  conclusion 
that  in  the  upper  third  the  life  is  least  hazarded  by  an  attempt  to  save  the 
hmb,  in  the  middle  third  conservatism  and  amputation  afford  an  equal 
chance,  whilst  in  the  lower  third  of  the  thigh  the  chances  are  in  favour  of 
amputation.  This  is  a  conclusion  very  similar  to  that  arrived  at  by  the  British 
Siu'geons. 

When  an  attempt  is  made  to  save  the  limb,  the  skin  should  be  cleaned  on  the 
field  of  battle,  if  possible,  with  some  strong  antiseptic,  and  the  limb  enveloped 
in  a  large  mass  of  some  absorbent  antiseptic  dressing,  over  which  a  plaster-of- 
Paris  bandage  should  be  applied  as  soon  as  the  patient  reaches  the  field 
huspital.  This  dressing  may  be  left  untouched,  unless  some  special  circum- 
stances require  its  removal,  for  some  days  until  the  patient  reaches  the 
hospital  in  which  the  further  treatment  is  to  be  carried  out.  In  some 
lure  cases  healing  will  take  place  under  a  dry  scab.  If  at  the  end  of  four 
days  the  patient  is  suffering  no  pain  and  is  free  from  fever  this  fortunate 
result  may  be  looked  for  ;  in  other  cases  the  priniary  dressing  should  be 
removed  about  that  time,  and  during  its  further  progress  the  case  must  be 
treated  by  extension  and  counter-extension,  and  the  free  use  of  antiseptics, 
and  the  limb  may  be  securely  fixed  in  a  plaster-of-Paris  apparatus  with  a 
window  opposite  the  wound. 

'6.  In  gun-shot  fractures  of  the  holies  of  the  leg,  amputation  becomes  necessary 
if  the  tibial  arteries  be  injured,  or  if  the  knee  or  ankle-joint  be  badly  wounded. 
If  the  injury  be  in  the  middle  of  the  leg,  at  a  distance  from  these  joints,  and 
provided  there  be  not  longitudinal  Assuring  of  the  bone  leading  into  them, 
much  may  be  done  to  save  the  limb,  by  the  extraction  of  splinters  and  the 
removal  of  sharp  and  angular  fi-agments  of  bone,  the  limb  being  put  up  in 
the  plaster-of-Paris  apparatus.  In  such  cases,  the  patient  may  recover  with  a 
shortened,  but  otherwise  useful,  limb. 

4.  Gun-shot  wounds  of  the  foot,  if  perforating  and  splintering  the  tarsus, 
may  commonly  be  saved  by  antiseptic  treatment,  but  if  this  be  not  possible  they 
require  amputation,  either  at  or  above  the  ankle.  Those  of  the  hand  are  of 
special  interest  from  their  frequency,  in  consequence  of  the  bursting  of  guns, 
oi"  of  powder-flask  explosions.  In  these  cases,  however  extensive  the  injuiy 
may  be  that  is  inflicted  upon  the  hand,  fingers  being  blown  away,  the  thumb 
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thrown  back,  and  the  metiicar|)al  bones  splintered,  we  must  endeavour,  if 
possible,  to  save  a  portion  of  it,  if  it  be  only  one  or  two  finji-ers  ;  and,  owing 
to  the  great  reparatixe  power  possessed  b}^  the  hand,  we  shall  often,  in  the 
worst-lookinj;-  cases,  be  able  to  accomplish  this.  If  the  thumb,  with  one 
finger  as  an  opponent,  can  be  preserved,  it  will  be  of  more  service  to  the 
patient  than  any  artificial  contrivance,  however  ingeniously  made. 

5.  It  may  happen  that  amputation  becomes  necessary  in  the  later  stages  of 
gun-shot  injury,  in  consequence  of  mortification.  In  these  circumstances  it 
must  be  practised  without  delay,  and  without  waiting  for  the  line  of  separation. 
If,  in  consequence  of  long-continued  suffering  and  discharge,  the  patient's 
health  becomes  greatly  deteriorated,  and  the  limb  remain  a  iLseless  appendage, 
amputation  will  at  last  be  imperative. 

6.  Gun-shot  injuries  of  joints  are  necessarily  most  serious  and  fatal— the 
danger  depending  on  the  size  and  complexity  of  the  articulation,  rather  than 
on  the  extent  of  the  injury.  "Wounds  of  any  of  the  three  large  joints  of  the 
lower  extremity  are  especially  dangerous  ;  those  of  the  upper  extremity  are 
more  commonly  recovered  from.  The  fact  of  a  joint  being  wounded  is  gene- 
rally obvious  enough  from  the  direction  taken  by  the  ball,  the  comminution  of 
the  bones,  and  perhaps  the  escape  of  synovia  ;  but  a  joint  may  be  fatally 
injured  by  the  longitudinal  splitting  of  the  bone  into  it,  although  the  bullet 
has  not  passed  within  some  inches  of  it. 

In  bullet-wounds  of  joints,  excision  may  be  advantageously  substituted  for 
amputation  in  cases  in  which  the  soft  parts  are  not  too  extensively  torn,  the 
large  nerves  and  vessels  are  uninjured,  and  the  shaft  of  the  bone  is  not  too 
widely  splin  tered,  the  mischief  being  confined  chiefly  to  the  articular  ends. 

Bullet-wounds  of  the  head,  nech,  or  trochanters  of  tits  femur,  splintering  the 
bone  into  the  articulation,  are  necessarily  most  serious.  If  they  be  left  to 
palliative  treatment,  the  death  of  the  patient  may  be  considered  as  almost 
inevitable  ;  if  amputation  at  the  hip  be  performed,  the  prospect  is  better ; 
and,  though  desperate,  the  case  must  not  be  considered  hopeless.  This  is 
well  illustrated  by  the  result  of  amputations  in  the  war  of  the  American 
Rebellion.  In  Primary  amputations  at  the  hip-joint  for  gun-shot  injury, 
the  mortality  was,  according  to  one  estimate,  94,  according  to  another, 
which  I  think  more  correct,  84  per  cent.  All  Intermediate  amputations  were 
fatal ;  the  Becondary  ones  only  at  the  rate  of  77  per  cent.  If  the  shaft  be  not 
too  much  implicated,  it  is  probable  that  the  best  hope  lies  in  excision  of  the 
splintered  head  of  the  bone,  and  careful  remo'S'al  of  the  loose  fr.igments. 
This  operation,  oi'iginally  proposed  by  Guthrie,  and  first  successfully  performed 
by  O'Leary  in  the  Crimean  war,  presents  the  most  reasonable,  though  but  a 
slender,  hope  of  safety  to  the  patient,  and  should  accordingly  be  practised. 
With  this  view  the  wound  must  be  laid  freely  open,  loose  fragments  extracted, 
and  the  upper  end  of  the  bone  detached,  turned  out,  and  sawn  off.  Of  six 
cases  in  which  this  was  done  in  the  Crimea,  one  patient,  (VLeary's.  recovered. 
Gurlt,  who  has  collected  all  the  cases  of  excision  of  joints  for  gun-shot 
wounds  which  have  been  recorded  since  179:?,  states  that  excision  of  the  ln]» 
has  been  performed  1?>9  times  ;  l(i  of  the  patients  recovered,  122  died,  and  the 
result  of  the  remaining  case  is  uncertain. 

Bullet-wouuds  of  the  hnee-joint  are  annmg  the  most  serious  injuries  in 
surgery  ;  and  this  whether  the  bones  be  mucli  comminuted  or  not,  provided 
the  epiphysis  of  the  tibia  or  fennir  be  perforated,  or  the  articulation  be  fairly 
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traversed  or  even  penetrated  by  the  ball.    Prior  to  the  American  war  there 
were  seven  cases  in  which  excision  of  the  knee  had  been  done  for  gun-shot 
injury — five  in  military,  two  in  civil  practice  ;  the  two  latter  cases  recovered, 
the  other  five  died.    In  the  American  war  the  operation  was  done  eleven 
i  times  :  in  two  cases,  one  primary,  the  other  secondary,  recovery  took  place  ; 
nine  deaths  resulted,  chiefly  from  pysemia.    In  thi'ee  cases  in  which  the  patella 
alone  was  excised,  death  ensued.    Gurlt  has  collected  the  records  of  146  cases, 
(  of  which  33  recovered,  111  died,  and  the  result  was  uncertain  in  the  remaining- 
<  cases.    These  results  are  so  bad  that  the  operation  for  the  future  will  probably 
:  be  abandoned  in  military  surgery.    It  is  in  this  class  of  cases,  however,  that 
Bergmann  and  Reyher  have  obtained  a  very  considerable  measure  of  success 
by  conservative  treatment,  with  strict  antiseptic  dressing.    Bergmann  had  15 
fresh  gun-shot  wounds  of  the  knee  under  his  care  after  one  of  the  battles 
:  in  the  Russo-Turkish  war.     These  were  all  treated  by  superficial  clean- 
ing of  the  skin  with  carbolic  lotion  and  tlie  application  of  a  mass  of 
salicylic  wool,  especially  thick  at  the  knee,  secured  by  an  elastic  bandage  and 
covered  with  a  plaster-of-Paris  apparatus.    They  were  then  immediately  sent 
on  a  four  days'  journey,  under  great  difficulties  from  roads  and  weather,  to  the 
hospital  at  the  base  of  operations.    Of  these  8  recovei'ed  without  suppuration, 
:  2  suppurated  shghtly  and  5  severely.    Of  these  h,  2  recovered  without 
.  amputation,  2  after  amputation,  and  1  died  of  pyteraia.    Reyher,  by  the 
employment  of  Lister's  gauze,  either  as  a  permanent  dressing  to  obtain 
healing  by  scabbing,  or  with  drainage,  obtained  the  following  results.    In  18 
i  cases  which  came  under  his  care  before  they  had  been  probed  or  examined  he 
;  got  union  of  the  wound  under  the  dry  dressing,  without  suppuration,  in  10  ; 
in  6  he  treated  the  wound  by  antiseptic  drainage  and  of  these  3  died  ; 
and  in  2  drainage  was  commenced  at  a  later  period  of  the  case  and  both 
■  recovered.    Thus  in  the  18  cases  treated  primarily  by  antiseptic  dressing, 
3  died,  and  all  the  survivors  preserved  the  limb  with  a  considerable  degi'ee 
of  mobility  in  the  joint.    Forty  cases  which  had  been  "  fingered "  before 
he  saw  them  also  came  under  his  observation.    Of  these  19  were  treated 
by  drainage  after  occlusion  had  failed  and  18  died  ;  in  9  others  intermediate 
amputation  was  performed,  with  7  deaths  ;  in  12  secondary  amputation  was 
performed,  with  9  deaths  ;  making  a  total  of  40  cases,  with  34  deaths,  and 
only  one  limb  saved.    Conservative  treatment  was  attempted  without  anti- 
septic dressing  in  23  cases,  and  of  these  only  one  finally  recovered,  and  in 
chat  healing  took  place  by  scabbing  under  a  dry  dressing. 

In  all  cases  in  which  antiseptic  treatment  is  impossible,  conservative  treat- 
ment contrasts  most  unfavourably  with  primary  amputation  in  the  lower  third 
of  the  thigh.    When  amputation  is  determined  on,  the  operation  requires  to 
'  be  performed  early,  not  because  the  apparent  injmy  may  be  very  severe,  or  the 
mutilation  of  the  limb  so  great  as  obviously  and  imperatively  to  call  for  im- 
mediate amputation,  but  because  experience  has  shown  that,  unless  the  hmb 
be  removed  at  an  early  period,  after-consequences  of  the  most  serious  and 
'  fatal  character  will  to  a  certainty  ensue.    Extensive  suppuration  of  the  joint, 
deep  and  large  abscesses  burrowing  among  the  muscles  of  the  thigh,  and  con- 
sequent exhaustion  of  the  patient  by  hectic,  or  his  destruction  by  pyajmia,  are 
the  conditions  that  amputation  alone,  performed  at  an  early  stage,  cau  avert, 
rhis  necessity  for  early  amputation  in  penetrating  bullet-wounds  of  the  knee- 
jomt,when  antiseptic  treatment  is  impossible,  is  recognizosd  liy  all  modern  military 
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Mirg^oiis  Gutlino  and  Larrey  in  the  French  wars,  Esraarch  and  Stronieyor 
m  the  .Schleswio-.PTolstein  campaign,  and  tlie  Surgeons  in  the  Crimea,  all 
found  that  tlie  attempt  to  save  a  limb  so  injured  led  to  the  sacrifice  (;f  tl.f> 
patient  s  life. 

Bullet-wounds  of  the  anUo-pini  do  not  necessarily  requii-e  amputation,  if 
the  bones  be  not  too  extensively  comminuted,  and  more  particularly  if  the 
posterior  tibial  artery  and  nerve  haveescaijcd  injuiT,  an  attemjjt  may  be  made 
to  save  the  hmb,  and  will  probably  be  successiui :  the  injury  being  treated  ou 
those  principles  which  will  be  described  in  the  chapters  on  Fractures  and  on 
Dislocations.    In  such  cases  extraction  of  fragments,  and  excision  of  the 
splintered  ends,  are  necessary;  and  modified  operations,  partial  excision  hv 
means  of  gouge,  forceps,  and  Key's  saw,  will  be  found  more  successful  than  the 
more  systematic  operations.    Gurlt  has  collected  150  cases  of  excision  of  the 
aiikle,  with  94  recoveries,  51  or  34  per  cent,  deaths,  and  5  uncertain.  If 
the  large  vessels  and  nerves  have  been  cut  across,  and  the  bones  very  ex- 
tensively shattered,  amputation  will  be  the  proper  course  to  pursue. 
The  shoulder,  and  more  particularly  the  left  shoulder,  from  its  advanced 
])Ositiou  in  the  act  of  firing,  is  peculiarly  liable  to  gun-shot 
injury  ;  the  bullet  either  lodging  in  the  head  of  the  humerus 
or  traversing  it,  and  perhaps  fracturing  some  of  the  bony 
processes  of  the  scapula  in  its  immediate  vicinity  ;  or,  as  \n 
the  case  of  fragments  of  shells,  cariying"  away  a  large  part 
of  the  deltoid  muscle.    It  is  especially  in  bullet-wounds  of 
the  shoulder  and  elbow -joint,  that  conservative  surgery  has 
been  most  successful.    In  such  cases,  when  the  bones  are 
penetrated,  and  even  shattered  by  a  bullet,  provided  thi- 
main  blood-vessels  and  nerves  of  the  limb  be  not  injuretL 
amputation  will  seldom  be  required  :  and,  indeed,  it  should 
be  laid  down  as  a  rule  in  surgery,  that  excision  shoidd  In- 
preferred  to  amputation  in  all  cases  in  which  the  large 
blood-vessels  and  nerves  arc  not  wounded,  or  the  soft  parts 
too  extensively  disorganized.    The  wound  having  been  enlarged,  loose  spicula 
must  be  removed,  and  the  splintered  and  jagged  ends  of  the  fractured  bone 
sawn  smoothly  off.    If  the  bullet  be  still  lodged  in  the  head  of  the  humerus,  as 
in  Fig.  118,  the  same  course  should  be  adopted.    It  has  been  a  question  with 
Surgeons  whether  excision  or  amputation  should  be  done  when  the  upper  end  of 
the  shaft  of  the  humerus  has  been  much  splintered,  with  or  Avithout  penetration 
of  the  joint.    In  these  cases  the  head  of  the  bone  is  often  uninjured.  Guthrie 
advised  amputation  :  but  the  result  of  tlie  experience  of  the  war  in  America  has 
Ween  that  five  or  six  inches  of  the  shaft  of  the  humerus  may  be  removed  Avith 
perfect  safety,  and  that  no  good  comes  of  leaving  the  uninjured  head,  which 
should  also  be  excised.    The  results  of  excision  of  the  joints  of  the  upper  ex- 
tremity are  in  the  highest  degree  satisfactory.    'J'hus  Baudens  states  that  he 
saved  18  out  of  14  cases  of  excision  of  the  shoulder.    According  to  Thornton, 
in  the  British  army  in  the  Crimea,  the  shoulder  was  excised  12  times  with 
2  deaths  ;  the  elbow  in.  J  7  cases,  of  which  2  were  fatal  :  and  jiartiallyin  5  other 
cases,  all  of  wliich  were  successful.  These  results  were  more  successful  than  those 
that  followed  amputation  of  the  corresponding  parts.    Of  60  disarticulations 
at  the  shoulder,  19,  or  31  per  cent.,  were  fatal ;  and  of  153  amputations  of  the 
arm,  29,  or  1  9  per  cent.,  died.    The  I'csult  of  resection  of  these  joints  has 
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not  been  quite  so  satisfactory  elsewhere  ;  thus,  in  the  Confederate  army  in 
America,  Ohishohn  states  that  up  to  February,  1  Sfi-i,  of  59  cases  of  excision  of 
the  shoulder,  20  proved  unsuccessfal ;  and  of  45  cases  in  which  the  elbow 
was  excised,  9  were  unsuccessful.  In  the  ofiicial  report  of  the  Surgeon-General 
of  the  United  States  army,  of  280  cases  of  excision  of  the  elbow  in  which 
the  results  were  known,  it  is  stated  that  62  died,  and  that  in  1 6  amputation 
became  necessary.  Of  210  primary  excisions  of  the  shoulder- joint  death 
occurred  in  50  ;  and  in  298  secondary  excisions  115  cases  were  fatal,  giving  a 
mean  mortality  of  82'48,  against  39"44  for  amputation  at  the  shoulder,  and 
44*4  for  cases  treated  on  the  expectant  plan. 

Gurlt  has  collected  1,661  cases  of  excision  of  the  shoulder  in  mihtary 
surgery  with  1,067  recoveries,  567,  or  34*7  per  cent.,  deaths,  and  27  uncer- 
tain ;  and  1,438  of  excision  of  the  elbow,  with  1,054  recoveries,  349,  or  24*87 
per  cent.,  deaths,  and  35  doubtful. 

The  operation  of  excision  of  large  portions  of  the  shaft  of  the  humerus, 
as  well  as  of  its  head,  was  carried  much  furtlier  by  the  American  military 


'Surgeons  in  the  war  of  the  Rebellion  than  had  previously  been  done.  Fig.  119, 
taken  from  photographs  in  the  possession  of  the  Army  Medical  Department  at 
Washington,  represents  six  inches  of  the  shaft  of  the  humerus  with  its  head, 
which  had  been  thus  excised ;  and  Fig.  120,  the  arm  that  was  left.  I  saw  the 
man,  who  is  an  orderly  in  that  unrivalled  collection,  the  Army  Medical 
Museum  at  Washington,  and  I  can  testify  to  the  utility  of  his  arm  ;  the  bone 
so  skilfully  taken  away  he  himself  exhibited. 

Excision  of  the  torisf,  in  whole  or  in  part,  for  gun-shot  injury  has  not  proved 
very  satisfactoiy,  not  so  much  from  death  as  from  inutility  of  the  hand  that 
was  left.  Of  27  done  in  the  American  war,  only  8  died.  In  two  instances, 
amputation  of  the  fore-arm  was  practised. 


Fig.  120.— Result  of  Kxcisioii  of  Head 
and  six  Inches  of  Siiaft  of  Hiiinorus 
shown  in  Fig.  119.  (U.  S.  Army  Med. 
Dep.) 


Fig.  119. 
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Grurlt  has  collected  138  cases  with  112  recoveries,  20,  or  15-15  percent, 
deaths,  and  1  uncertain. 

The  steps  of  all  the  operations  are  the  same,  whether  the  excision  ui  tlie 
part  he  required  for  gun-shot  injuiy,  or  for  disease  ;  exce]jt  that  in  gun-shot 
injury  advantage  may  often  be  taken  of  the  wound  in  the  soft  parts,  by  en- 
larging which  longitudinally,  the  shattered  bone  may  be  readily  reached. ' 

The  question  as  to  the  penod  al  iohich  amputation  oufjht  to  he  performed 
the  infliction  of  gun-sliot  wounds,  is  one  of  great  importance,  and  has  given 
rise  to  much  discussion  among  Surgeons.  The  older  military^  Sm-geons,  Pare, 
Wiseman,  Ledran,  Ranby,  &c.,  taking  a  common-sense  view  of  the  question, 
advocated  the  removal  of  the  hopelessly  injured  limb  as  soon  as  ])ossible  after 
the  receipt  of  the  injury.  Wiseman's  advice  is  to  "  cut  off  the  limb  quickly, 
while  the  soldier  is  heated  and  in  mettle  ; "  and  this  advice  has  not  been  and 
cannot  be  improved  upon.  After  the  battle  of  Fontenoy,  in  the  middle  of  the 
last  century,  professional  opinion:  underwent  a  change  upon  this  subject  :  and 
Faure  wrote  a  thesis,  which  obtained  a  prize  from  the  French  Academy  of 
Surgery,  recommending  delay  in  amputating  in  certain  cases.  Hunter,  Percy, 
and  other  Surgeons  of  repute,  promulgated  similar  views ;  and  Bilguer,  the 
Surgeon-in-chief  to  the  armies  of  Frederick  the  Great,  went  to  the  absurd 
extent  of  condemning  amputation  entirely.  These  extreme  opinions  neces- 
sarily occasioned  a  reaction  ;  and  the  experience  gained  in  the  wars  of  the 
French  Revolution  and  of  the  Empire  enabled  Surgeons  to  settle  this  question 
definitively.  It  was  more  particularly  through  the  observations  of  John  BeU, 
Larrey,  Thomson,  G-uthrie,  S,  Cooper,  and  Hennen,  that  the  necessity  of 
having  recourse  to  immediate  amputation  in  all  cases  of  gun-shot  injury 
requiring  this  operation  became  fully  recognized,  and  the  truth  of  Wiseman's 
advice  was  re-established. 

It  is  to  be  hoped  that  the  advance  of  antiseptic  surgery  will  enable  the 
Surgeon  to  carry  out  conservative  treatment  to  a  much  greater  extent  than 
has  up  to  the  present  time  been  possible.  When  antiseptic  treatment  is 
impossible  the  rule  of  performing  primary  amputation  in  aU  doubtful  cases 
must  still  be  followed.  Sir  Cliarles  Bell  has  thus  graphically  described  the 
I'esults  of  the  attempts  to  save  such  cases  before  the  days  of  antiseptic 
surgery  : — "  In  twelve  hours  the  inflammation,  pain,  and  tension  of  the  whole 
limb,  the  inflamed  countenance,  the  brilliant  eye,  the  sleepless  and  restless 
condition,  declare  the  impression  the  injury  is  making  on  the  limb  and  on  the 
constitutional  powers.  In  six  days,  the  limb  ft'om  the  groin  to  the  toe,  or 
from  the  shoulder  to  the  finger,  is  swollen  to  half  the  size  of  the  body  ;  a 
violent  phlegmonous  inflammation  pervades  the  whole ;  serous  efl'usion  has 
taken  place  in  the  whole  limb ;  and  abscesses  are  forming  in  the  great  beds 
of  cellular  texture  thi-oughout  the  whole  extent  of  the  extremity.  In  three 
months,  if  the  patient  have  laboured  through  the  agony,  the  bones  are 
carious  ;  the  abscesses  are  interminable  sinuses  ;  the  limb  is  undermined 
and  everywhere  unsound  ;  and  the  constitutional  strength  elibs  to  the  lowest 
degree." 

If  we  appeal  to  statistics,  we  shall  find  that  of  3(K)  secondaiy  ani]iutations 
reported  by  Faurc,  after  the  battle  of  Fontenoy,  only  30  were  successful : 
whereas  Larrey  saved  three-fourths  of  his  priraaiy  amputations  in  the  Napo- 
leonic wars.  In  the  Peninsular  war,  the  loss  after  secondary  amputations  of 
the  upper  extremity  was,  compared  to  that  following  primary  operations  of 
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the  same  kind,  as  twelve  to  one  ;  and  in  the  case  of  the  lower  extremity,  the 
loss  after  secondary  amputation  was  three  times  as  gi-eat  as  after  primary. 
During  the  siege  of  Sebastopol,  among  80,000  wounded  Russians  there  were 
3,000  amputations.  Of  the  primary  amputations  of  the  upper  extremity,  leg, 
and  foot,  about  one-half,  and  of  the  lower  and  middle  third  of  the  thigh,  about 
one-third  recovered  ;  but  of  all  the  secondary  amputations  more  than  two-thirds 
died.  In  the  American  Civil  War  there  were  recorded  17,208  major  amputa- 
tions of  limbs  (excluding  those  at  the  hip  and  shoulder).  Of  these,  11,630  were 
primary,  with  a  death-rate  of  32'1  per  cent.  ;  3,905  were  performed  between 
the  third  and  thirtieth  day  with  a  death-rate  of  44" 5  per  cent.,  and  1,646  were 
performed  after  the  thirtieth  day  with  a  death-rate  of  33*3  per  cent.  These 
figures  clearly  show  that  if  the  limb  cannot  be  saved,  primary  amputation 
gives  the  patient  the  best  chance. 

But  how  soon  after  the  infliction  of  the  injury  should  it  be  practised  ?  It 
is  the  opinion  of  some  Surgeons  that  there  is  often  an  interval  between  the 
infliction  of  the  injmy  and  the  supervention  of  the  shock  to  the  system,  in 
which  the  limb  may  most  advantageously  be  removed.  Should  the  depression 
of  "  shock "  have  come  on,  it  then  becomes  a  question  whether  immediate 
amputation  should  be  practised,  or  the  removal  of  the  limb  delayed  until 
reaction  sets  in.  On  this  point  it  is  obviously  difficult  to  lay  down  any  very 
definite  rule  ;  but  it  may,  I  think,  be  stated  generally  as  the  result  of  the 
experience  of  the  best  Army-Surgeons,  that,  if  the  shock  be  not  very  intense, 
the  limb  may,  under  an  auEesthetic,  be  safely  removed.  Should  the  prostration 
be  excessive,  and  there  be  reason  to  fear  the  possibility  of  internal  injury,  it 
wiU  be  wiser  to  delay  operation.  But  if  an  unsuccessful  attempt  at  the  pre- 
servation of  the  limb  be  made,  and  if  occasion  for  its  subsequent  removal 
should  arise,  the  Surgeon  must  wait  until  suppuration  has  set  in  before  he 
operates,  the  period  of  acute  inflammation  and  septic  fever  being  allowed  to 
pass  by.  The  most  favom-able  time  is  usually  about  the  tenth  day.  Among 
the  cases  that  require  secondary  amputation,  are  any  in  which  traumatic 
gangrene  may  happen  to  set  in  ;  here  the  limb  must  always  be  removed  with- 
out delay.  If  profuse  htemorrhage  from  the  wound  occur,  and  do  not  admit 
of  arrest  by  the  ordinary  means,  secondary  amputation  may  become  necessary. 
So,  also,  when  the  bones  do  not  unite,  the  patient  being  worn  out  by  profuse 
discharge  kept  up  by  the  presence  of  necrosed  or  carious  bone,  or  left  with  a 
wasted,  shattered,  and  useless  limb,  its  removal  is  the  only  means  of  saving 
life.  The  high  death-rate  after  secondary  amputation  in  military  practice  is, 
in  great  measure,  due  to  the  unfavourable  hygienic  conditions  to  which  the 
wounded  soldier  is  usually  exposed  from  over-crowding  and  want  of  necessary 
appliances.  He  is  thus  rendered  peculiarly  liable  to  be  attacked  by  pyaemia, 
septicaemia,  and  hospital  gangrene. 

The  nature  and  treatment  of  gun-shot  injuries  of  special  regions,  as  of  the 
head,  chest,  and  abdomen,  will  be  considered  in  the  Chapters  devoted  to  the 
description  of  Injuries  of  those  parts. 
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POISONED  WOUNDS. 

A  VERY  important  variety  of  wound  is  that  in  which  a  poison  is  introduced. 
The  poisons  that  can  be  thus  inoculated  belong  to  two  great  classes  :  first,  the 
non-infective,  which  have  no  power  of  increasing  in  quantity  in  the  living 
body,  and,  secondly,  those  which  possess  true  infective  properties  and  multiply 
amongst  the  tissues  or  in  the  blood.  Tn  the  former  class  the  effect  is  prop(jr- 
tional  to  the  dose,  in  the  latter  it  is  not  ;  in  the  fonner  the  effect  begins  to 
manifest  itself  immediately,  in  the  latter  there  is  sometimes  a  period  of  incu- 
bation, during  which  no  symptoms  indicate  the  presence  of  the  poison.  Both 
classes  may  act  locally  or  generally.  When  the  non-infective  poisons  produce 
grave  general  symptoms,  it  is  due  either  to  the  quantity  introduced  or  to  the 
intensity  of  the  virus.  The  most  important  of  the  non-infective  poisons  are 
the  venom  of  various  insects,  the  poison  of  snakes,  and  the  chemical  products 
of  putrefaction.  Amongst  the  most  important  of  the  true  infective  poisons  are 
the  virus  of  rabid  animals,  of  glanders,  of  malignant  pustule,  and  of  certain 
unhealthy  processes  in  the  living  human  body. 

STINGS    OP  INSECTS. 

stings  of  Insects,  as  of  bees,  wasps,  mosquitoes,  gnats,  &c.,  though 
painful,  seldom  produce  any  serious  inconvenience  ;  yet  occasionally  they  may 
do  so,  and  may  even  prove  fatal,  by  serving  as  a  starting-point  for  erysipelas 
in  some  unhealthy  constitutions,  or  by  giving  rise  to  intense  irritation  from 
the  multiplicity  of  the  stings,  as  when  bees  in  great  numbers  swarm  upon  and 
sting  a  person  ;  or  tliey  may  be  dangerous  in  consequence  of  the  nature  of  the 
part  that  is  stung,  as  the  eye,  or  the  intei'ior  of  the  mouth,  or  the  pharynx,  as 
lias  happened  from  swallowing  a  bee  in  apiece  of  honeycomb.  Mosquito-bites 
are  peculiarly  irritating,  and  when  numerous  poisou  the  blood,  producing 
nervous  depression  and  great  febrile  in-itation.  The  venom  of  a  mosquito  is 
very  powerful,  weight  for  weight  probably  more  so  than  that  of  the  most 
venomous  snakes.  The  bites  of  some  insects,  as  scorpions,  or  the  tarantula  in 
Italy,  give  rise  to  more  serious  and  even  fatal  disturbance.  A  peculiar  train 
of  nervous  phenomena  is  said  to  follow  the  bite  of  the  tai'antula,  hence  called 
"  tarantismus;  "  a  condition  that  is  generally  stated  to  be  peculiarly  influenced 
by  music,  though  this  has  been  denied  by  (iozzo. 

Treatment. — In  the  treatment  of  stings  of  insects  the  application  of  cool- 
ing lotions  or  of  a  cold  poultice,  or  rubbing  the  part  with  olive  oil,  will  be  foinul 
the'most  useful  means  of  allaying  irritation.  In  some  cases,  n-iore  especially  in 
mosquito-bites,  or  the  stings  of  bees  or  wasps,  touching  the  part  stung  with 
strong  liquor  ammoniaj  or  potassaa  gives  relief,  if  applied  at  once.    In  the  case 
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of  stings  from  wasps  or  bees,  it  should  be  ascertained  that  the  sting  has  not 
been  left  in  the  wound.    If  so,  it  must  be  extracted,  and  the  alkali  applied. 

SNAKE-BITES. 

Snake-bites  are  seldom  fatal  in  England,  the  viper  or  adder  not  possessing 
a  sufficiently  energetic  poison  to  destroy  a  healthy  adult,  though  it  might 
possibly  kill  a  child  or  a  very  weak  and  delicate  person.  Snakes  are  said  to  be 
most  actively  venomous  in  warm  weather  and  during  the  season  of  procreation. 
Their  bites  are  most  dangerous  if  inflicted  through  a  vein  or  near  the  centre  of 
the  circulation,  or  about  the  neck  and  face.  In  tropical  countries  the  bite  of 
the  rattle-snake,  the  cobra  di  capello,  the  puff-adder,  or  the  tobacco-pipe 
snake,  is  often  fatal.  The  number  of  persons  who  are  annually  killed  by 
snake-bites  in  those  parts  of  India  alone  from  which  returns  are  procurable 
amounts  to  about  12,000,  or  about  1  in  every  5,00(1  of  the  inhabitants  ;  audit 
occasionally  happens  even  in  this  country  that  the  Surgeon  has  ai;  opportunity 
of  seeing  wounds  inflicted  by  these  fearful  reptiles  in  menageries.  Thus,  Sir 
E.  Home  has  recorded  a  fatal  case  of  rattle-snake  bite  occurring  in  England. 
A  similar  instance  has  been  seen  at  St.  George's  Hospital,  and  another  in 
Paris,  both  in  showmen.  The  only  case  of  this  kind  which  has  come  under 
my  own  observation  occurred  some  years  ago  at  the  University  College 
Hospital.  The  patient,  a  keeper  at  tlie  Zoological  Gardens,  was  bitten  on  the 
bridge  of  the  nose  by  a  cobra  di  capello,  the  poison-fang  ha^dng  apparently 
penetrated  the  angular  vein.  Wlien  brought  to  the  hospital,  about  half  an 
hour  after  the  accident,  he  was  apparently  dying,  being  unable  to  speak, 
swallow,  or  support  himself  ;  the  pupils  were  dilated,  the  face  livid,  the  heart's 
action  feeble,  and  he  was  scarcely  conscious.  After  death,  which  took  place 
in  little  more  than  an  hour  from  the  time  of  the  infliction  of  the  wound,  the 
veins  of  the  brain  and  the  cerebral  sinuses  were  found  gorged  Avith  blood,  as 
were  also  the  lungs  to  an  immense  extent,  and  the  solid  abdominal  viscera. 
The  right  cavities  of  the  heart  were  loaded  with  dark  blood,  the  left  being 
empty  ;  indeed,  the  phenomena  of  asphyxia  were  strikingly  marked.  In  this 
case,  death  would  appear  to  have  resulted  from  the  poison  paralysing  the 
respiratory  centre,  at  the  same  time  that  it  e.verted  some  direct  injurious  action 
on  the  blood. 

Effects  of  Snake-poison. — The  venom  of  the  cobra  has  been  found  to 
consist  of  an  albumiuous  fluid  of  neutral  reaction,  holding  cells  in  suspension, 
[t  is  said  to  contahi  also  a  non-organized  ferment  resembling  ptyahne.  The 
poison  is  secreted  by  a  gland  communicating  by  a  duct  with  the  hollow  fang, 
and  so  situated  that  in  the  act  of  biting  it  is  com]n'essed  by  the  muscles  of  the 
im  and  the  venom  is  thus  forcibly  ejected  from  the  fang.  When  given  inter- 
nally, or  applied  to  the  conjunctiva,  it  does  no  harm  if  the  mucous  surface  is 
unbroken.  Snake-poison,  when  introduced  into  the  system  through  a  bite  or 
puncture,  may  prove  injurious  or  kill,  either  primarily  by  its  direct  depressing 
:  influence  on  the  nervous  system,  somewhat  resembling  that  produced  by  some 
'  narcotic  poisons;  or,  secondarily,  by  exciting  severe  diffuse  inflammation  of 
the  areolar  tissue  of  the  limb  or  part.  The  intensity  of  its  effects  depends 
upon  the  quantity  injected,  and  consequently  upon  the  size  and  vigour  of  the 
unimal  inflicting  the  wound  ;  one  that  has  l)een  compelled  to  bite  frequently 
lias  no  longer  the  destructive  power  which  it  had  when  fresh. 
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The  first  mode  of  death  occurs  only  when  tlie  poison  is  veiy  powerful  or  tin; 
animal  bitten  small.  Thus  the  poison  of  the  tobacco-j)ii)e  snake  is  said  to  Vie 
so  virulent,  that  it  will  kill  a  full-grown  man  in  less  than  a  quarter  of  an  hour. 
The  rattle-snake,  and  the  cobra,  will  kill  a  small  animal  in  a  few  seconds  ;  and 
a  man,  bitten  some  years  ago  by  a  rattle-snake  in  Paris,  died  in  nine  hours  ; 
the  cobra-bite  just  mentioned  was  fatal  in  little  more  than  one  hour ;  the 
Australian  tiger-snake  will  kill  in  less  than  twenty-four  hours. 

When  the  snake  is  less  venomous  and  death  is  not  speedy,  the  poison  excites 
<liflFuse  inflammation  and  suppuration  of  the  areolar  tissue  of  the  limb  bitten. 
This  is  a  very  common  consequence  of  the  bite  of  the  viper  in  this  country. 
It  may  occur  also  after  bites  by  the  larger  ophidia.  Thus,  in  the  case  which 
occurred  in  St.  George's  Hospital,  the  patient  died  on  the  eighteenth  day  after 
the  bite  of  the  rattle-snake,  with  large  abscesses  in  the  arm  and  in  the  axilla, 
and  with  sloughing  of  the  areolar  tissue  of  the  limb. 

The  Symptoms  occurring  after  a  poisonous  snake-bite  consist  in  gi-eat 
prostration,  a  feeble  and  intermittent  pulse,  dilated  pupils,  usually  slight  deli- 
rium, indistinctness  or  at  times  complete  loss  of  speech,  speedy  stupor,  insen- 
sibility and  death.  The  pain  is  burning  and  lancinating,  whilst  the  part  bitten 
swells  and  becomes  livid  in  a  few  hours  ;  and  if  the  patient  survive  sufficiently 
long,  diffuse  inflammation  and  gangrene  occur  in  its  neighbourhood  ;  involun- 
tary evacuations  take  place  ;  the  depression  increases  and  may  terminate  fatally, 
or  end  after  a  lapse  of  time  in  the  recovery  of  the  patient,  whose  health  may 
long  suffer  from  the  effects  of  the  accident. 

TliEATMENT.    This  is  local  and  general. 

The  Local  Treatment  can  be  carried  out  with  success  only  when  the  patient 
is  seen  immediately  after  the  accident,  as  the  absorption  of  the  poison  is  very 
rapid.  It  presents  two  great  indications  :  1,  to  prevent  the  absorption  of  the 
poison  into  the  system  ;  and  2,  to  treat  the  diffuse  inflammation  and  sloughing 
that  may  subsequently  occur.  The  first  indication  may  be  fulfilled  by  tying  a 
hgature  so  tightly  round  the  limb  at  a  little  distance  above  the  injured  part,  as 
to  arrest  all  circulation  through  it.  In  this  way  the  absorption  of  the  poison 
may  be  prevented  ;  the  wound  should  then  be  freely  cauterized  with  a  red-hot 
iron  or  cinder,  or  better  still,  excised,  and  a  cupping-glass  applied  over  the 
cut  surface,  so  as  to  withdraw  the  blood  in  the  neighbourhood  which  may  have 
become  contaminated  by  the  poison.  If  a  cupping-glass  be  not  at  hand,  or  if 
the  part  bitten  be  so  situated  as  not  to  admit  of  its  application,  there  can  be 
no  objection  to  the  employment  of  suction  by  the  mouth  after  free  excision  ; 
the  poison  not  being  absorbed  by  an  unbroken  mucous  membrane.  After  using 
suction,  the  mouth  should  be  rinsed  with  brandy.  A  plan  sometimes  adopted 
when  the  bite  is  inflicted  while  shooting  in  India  is  to  pinch  the  part  up  and 
cut  it  out  at  once  and  then  to  make  a  paste  in  the  wound  with  blood  and  gun- 
powder and  light  it,  by  which  the  raw  surface  is  effectually  cauterized.  With 
the  view  of  lessening  the  swelling,  tension,  and  pain  of  the  limli,  fi-ictions 
with  olive  oil  are  said  to  be  advantageous,  .\fter  diffuse  inflammation  has 
set  in,  this  must  be  treated  on  general  princijiles— by  fomentations  and  free 
incision. 

The  Constitutional  Treatment  consists  in  the  early  and  free  administra- 
tion of  the  most  powerful  stimulants,  with  the  view  of  combating  the  depression 
that  exists.  For  this  purpose,  brandy,  wine,  ammonia,  or  ether  must  be  freely 
gi  ven .  The  eau  dp         which  enjoys  ahigh  reputation  in  some  tropical  conn  tries 
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— owes  its  efficacy  to  the  ammonia  wliich  it  contains.  Should  di-owsiness  come 
ou,  the  patient  must  be  made  to  walk  about ;  and  avtificial  respiration,  together 
with  galvanism,  may  be  resorted  to  as  a  last  means  of  maintaining  life  until  the 
effects  of  the  stimulants  may  overcome  those  of  the  poison.  Enforced  exercise 
—the  patient  being  made  to  run  for  some  distance  behind  a  carriage  driven  at 
a  steady  pace— is  another  means  of  keeping  up  the  respiration,  while  the  sweat- 
ing aids  in  the  ehmination  of  the  poison.  Large  doses  of  arsenic  have  been 
recommended  as  a  kind  of  specific,  and  the  "  Tanjore  pill,"  a  celebrated  Indian 
remedy,  owes  its  activity  to  this  mineral ;  but  care  must,  of  course,  be  taken 
iu  administering  it,  lest  the  remedy  prove  as  fatal  as  the  injury  for  which  it 
is  administered.  In  cases  of  bite  by  the  "  brown  snake,"  a  very  venomous 
kuid,  whose  bite  is  nearly  always  fatal,  Halford,  of  Melbourne,  recommends 
the  injection  of  strong  solution  of  ammonia,  diluted  with  twice  its  bulk  of  water, 
into  a  superficial  vein,  such  as  the  radial.  Fifteen  or  thirty  minims  are  thi-owu 
in,  and  repeated  according  to  circumstances.  This  is  described  as  imme- 
diately rousing  the  patient  from  his  stupor.  Sir  Joseph  Faja-er,  however, 
finds  that  this  remedy  has  no  power  in  cases  of  cobra-bite,  or  as  an  antidote  to 
the  poison  of  Indian  serpents,  whatever  its  efficacy  may  be  in  counteracting 
the  deadly  effects  of  those  of  the  Australian  species.  As  Hquor  potassaj 
decomposes  the  virus  into  a  sediment  and  a  supernatant  fluid,  both  of  which 
are  innocuous,  it  might  be  supposed  that  it  would  act  as  a  true  antidote ;  but 
it  has  not  been  found  to  do  so  when  injected  into  the  blood  of  bitten 
animals. 

DifB.culty  with  respect  to  antidotes  for  snake-poisoning  appears  to  exist  as 
much  in  their  application  as  in  their  discovery.  The  venom  of  a  snake  is  at 
once  injected  into  the  blood  of  the  animal  bitten,  is  carried  with  the  circula- 
tion to  the  nervous  centres,  decomposing  the  fluid  that  conveys  it,  so  that  it 
has  the  start  of  any  antidote  that  can  possibly  be  apphed  to  prevent  its  direct 
toxic  effects  on  the  system.  It  is  difficult  to  understand  how  an  antidote 
could  act  unless  it  were  injected  into  the  veins  simultaneously  with  the  intro- 
duction of  the  snake-poison  into  the  blood.  Unless  a  Surgeon  be  at  hand 
prepared  to  do  this  at  the  moment,  as  in  the  case  of  an  animal  bitten  for 
experiment,  the  time  lost  would  probably  render  the  counteraction  of  the 
poison  impossible.  It  is  evident  that  di-ugs  or  substances  swallowed  with  the 
view  of  acting  as  antidotes  could  not  be  absorbed  from  the  stomach  in  time 
to  l)e  eflBcacious. 

There  is  indeed  nothing  to  be  done  but  to  endeavour  to  keep  the  patient 
ahve,  by  the  administration  of  stimulants,  until  the  eff"ects  of  the  poison 
wear  off. 

BITES    OF    RABID    ANIMALS  :  HYDROPHOBIA. 

Bites  of  rabid  animals  give  rise  to  the  disease  so  much  and  so  justly  dreaded, 
but  fortunately  seldom  seen  in  man  in  this  country.  Hydrophobia. 

This  disease  occurs  in  man  only  as  the  result  of  inoculation  from  one  of 
the  lower  animals.  It  is  originally  an  affection  of  animals  of  tlie  canine 
species,  the  dog,  wolf,  fox,  and  jackal,  but  it  is  frequently  communicated  b} 
them  to  the  cat,  horse,  ass,  cow,  pig,  deer,  or  sheep.  It  is  the  generally 
received  opinion  that  rabies  in  the  dog  invariably  arises  as  the  result  of 
inoculation  from  a  rabid  animal,  and  that  it  cannot  arise  de  novo.  This  view 
IS  supported  by  the  satisfactoiw  results  of  muzzling  dogs  for  the  prevention  ol" 
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the  disease  as  carried  out  in  Berlin  and  elsewhere,  and  by  the  fact  that  rabies 
is  unknown  in  Australia  in  spite  of  the  larj^e  numbers  of  wild  dogs  that  infest 
the  country,  and  its  introduction  hits  so  far  been  successfully  avoided  by  a 
prolonged  quarantine  imposed  ou  all  dogs  arriving  from  abroad.  That  hydi'o- 
phobia  has  in  rare  cases  followed  the  bite  of  an  animal  that  has  shown  no 
definite  signs  of  rabies  is  believed  to  be  due  to  the  fact  that  the  disease  is  not 
invariably  fatal  in  dogs,  and  may  sometimes  be  so  mild  as  to  escape  detection. 
Many  circumstances  have  been  supposed  to  act  as  predis]josing  causes  of 
rabies.  It  undoubtedly  appeal's  in  epidemics,  and  in  some  years  hydrophobia 
is  scarcely  heard  of,  while  in  others  it  is  com]jaratively  frequent.  The 
season  seems  to  have  some  influence  on  its  occurrence,  as  Eckel  found  it 
to  be  most  common  in  the  early  spring.  Want  of  water,  sudden  changes 
from  heat  to  cold,  bad  food,  and  nnsatisfied  sexual  desire,  have  also  each  been 
assigned  as  the  cause  of  its  development  in  animals.  When  we  inquire  into 
the  operation  of  these  alleged  causes,  we  fail  to  discover  any  direct  and 
positive  connection  between  any  one  of  them  and  rabies.  With  regard  to 
the  influence  of  heat  and  want  of  water,  it  would  appear  that  in  those 
countries  in  which  animals  are  most  exposed  to  these  conditions,  hydro- 
phobia is  unknown.  Thus,  Mr.  Donovan,  who  has  resided  and  travelled 
for  many  years  in  Central  Africa,  informs  me  that,  in  the  deserts  of  that 
country,  where  water  is  so  scarce  that  man  and  beast  often  die  of  thirst, 
jackals  and  wild  dogs  are  most  numerous,  and  yet  hydrophobia  is 
unlaiown.  The  theory  of  hydrophobia  arising  from  ungratified  sexual  desii-e 
uppears  to  be  equally  untenable.  Having  been  told  that  no  bitches  were 
allowed  in  kSark.  I  wrote  to  Dr.  Cockridge  of  that  island  to  inquire  if  this 
were  the  fact,  and  if  so,  whether  hydrophobia  Avere  pre^^alent  there.  He 
informed  me  that  there  were  no  bitches  in  the  island,  and  that  the  dogs  were 
very  numerous,  but  that  no  case  of  hydi'ophobia  had,  to  his  knowledge,  ever 
occurred  there,  and  that  the  clergyman,  who  had  had  thirty  years'  experience 
of  the  island,  had  never  heard  of  a  case  of  that  disease.  Dogs  more  frequently 
become  rabid  than  bitches  ;  thus,  of  a  hmidi'ed  and  forty-one  cases  collected 
by  Eckel,  only  fifteen  occurred  in  bitches. 

Symptoms  in  thk  Dog. — The  Surgeon  is  sometimes  asked  to  give  an 
opinion  as  to  the  condition  of  a  dog  that  has  bitten  a  person,  and  which  is 
suspected  of  being  mad.  The  following  description  of  the  symptoms  of 
Biabies  in  the  Dog,  by  Dr.  Burdon  Sanderson,  will  aid  him  in  coming  to  a 
conclusion  on  these  points  : 

The  premonitory  iiidications  of  rabies  in  a  dog  arc  derived  almost  entirely 
from  the  observation  of  changes  in  its  demeanour  ;  consequently,  although 
they  may  be  too  trifling  to  be  noticed  by  a  casual  observer,  they  are  fortunately 
sufficiently  striking  to  arrest  the  attention  of  any  one  who  is  about  a  dog,  and 
is  familiar  with  its  habits  and  individual  peculiarities. 

"A  dog  about  to  become  rabid  loses  its  natural  liveliness.  It  mopes  about 
us  if  preoccupied  or  apprehensive,  and  seeks  to  withdraw  into  dark  corners. 
From  the  first  there  is  usually  a  foreshadowing  of  that  most  constant  symptom 
of  the  disease— depraved  appetite.  Mad  dogs  devour  not  only  filth  and 
rubbish  of  every  kind  with  avidity,  but  even  theii-  own  excrement— often  im- 
mediately after  it  has  been  passed.  Indications  of  this  tendency  api>ear  early, 
and  are  more  than  suspicious. 

"Along  with  this  peculiarity  of  behaviour  it  is  of  equal  importance  to  notice 
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that  an  infected  dog,  from  the  first,  snaps  at  other  dogs  without  provocation. 
This  snappishness  in  most  dogs  is  very  striking.  If  a  dog  previously  known 
to  have  no  such  habit,  snaps  indiscriminately  at  the  first  dog  it  meets  in  the 
yard  or  in  the  street,  it  is  probably  not  safe. 

So  far  I  have  had  in  mind  chiefly  what  is  to  be  observed  in  dogs  tied  up  or 
at  home.  A  dog  which  is  at  large  is  also  to  be  recognized  as  in  a  dangerous 
state  by  its  demeanour.  A  healthy  dog  in  its  progress  along  a  street  or  else- 
where shows  at  every  step  that  its  attention  is  awake  to  the  sights  and  sounds 
\\-hich  it  encounters.  The  rabid  dog,  on  the  contrary,  goes  sullenly  and  un- 
observantly  forwards,  and  is  not  diverted  by  objects  obviously  likely  to  attract 
it.  This  statement,  however,  is  subject  to  the  important  exception  already 
referred  to,  that  it  is  excited  both  by  the  sight  and  sound  of  an  animal  of  its 
own  species. 

"  Of  the  symptoms  which  accompany  the  final  stage  of  the  disease,  the  most 
important  and  characteristic  are  those  which  relate  to  the  organs  in  which  it 
localizes  itself — the  mouth  and  throat.  Attention  is  often  drawn  to  the  con- 
<lition  of  the  mouth  in  an  animal  supposed  to  be  healthy,  by  the  observation 
chat  it  tries  to  scratch  the  corners  of  its  mouth,  as  if  attempting  to  o'et  rid  of 
the  ropy  mucus  which  is  seen  to  be  discharged  from  it.  In  dogs  that  are  tied 
up,  it  is  noticeable  that  the  bark  has  entirely  lost  its  ring,  and  acquires  a 
pecuUar  hoarseness,  which  can  be  recognized  even  by  the  most  unobservant. 
As  the  disease  progresses  the  discharge  increases,  the  lower  jaw  hangs  as  if 
paralysed,  and  the  animal  has  evident  difficulty  in  swallowing.  Along  with 
this  there  is  often  loss  of  power  in  the  hind  limbs.  If  now  the  dog  be  watched, 
the  pecuharities  of  behaviour  which  have  been  already  noticed  are  seen  to 
present  themselves  in  a  much  more  marked  degree  than  before.  It  is  observed 
first,  that  it  is  subject  to  paroxysms  of  excitement,  in  which  it  makes  often- 
repeated  efforts  to  bite  or  gnaw  all  objects  (such  as  woodwork,  straw,  &c  ) 
within  its  reach,  while  at  the  same  time  it  continues  to  exhibit  the  tendency 
already  mentioned  to  devour  its  own  excrement  ;  and,  secondly,  even  durin-y 
the  remissions,  its  excitement  is  at  once  renewed  by  the  sight  or  sound  of 
aaother  dog. 

"  It  may  be  well  to  note  that  the  disease  occurs  at  all  seasons,  that  the  mad 
dog  continues  to  recognize  its  master  and  to  manifest  pleasure  when  kindly 
spoken  to,  that  it  does  not  shun  water,  and  that  in  many  cases  from  first  to 
last  that  wild  fury  which  is  commonly  supposed  to  belong  to  the  disease  is 
^conspicuously  absent."  ' 

Hydrophobia  in  Man.— In  man,  hydrophobia  occurs  either  from  the  bite 
of  a  dog  known  to  be  rabid,  or  fi-om  a  raw  surface,  as  a  crack  in  the  lip,  bein'^ 
I  Ucked  by  an  animal  affected  with  rabies,  but  in  whom  the  characteristic  symp*^ 
:  toms  have  not  developed  themselves.  •  The  bite  of  a  rabid  animal  is  by  no 
t  means  certain  to  occasion  hydrophobia.    The  proportion  of  those  bitten  by 
dogs  that  develop  the  disease  has  been  variously  estimated.    Hunter  and 
Vaughan  (Halford)  put  it  at  only  3  to  5  per  cent.,  while  Leblanc,  from  statis- 
tics collected  in  Paris,  makes  it  16  per  cent.    The  bite  of  a  rabid  wolf  is  far 
'  more  dangerous,  no  less  than  67  per  cent,  of  those  bitten  dying  of  the  disease 
Ihe  bite  of  a  cat  also  is  more  dangerous  than  that  of  a  dog.    The  fact  is  that 
the  dog  usually  bites  at  the  legs,  and  thus  when  he  inflicts  a  wound  it  is 
through  clothmg,  by  which  his  teeth  are  wiped  and  the  saliva  arrested  and 
thus  the  wound  escapes  inoculation.    Wolves  and  cats,  on  the  other  hand 
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always  fly  at  naked  parts  of  the  body,  as  the  face  or  throat ;  hence  the  greater 
danger  of  their  bites.  There  is  this  important  difference  between  the  poisonous 
inoculation  of  the  wound  by  the  bite  of  a  rabid  dog  and  of  a  snake.  In  the 
case  of  the  dog  the  poison  is  only  adherent  to  the  tooth,  and  hence,  if  this  be 
wiped  in  its  passage  through  clothing,  the  bite  is  rendered  innocuous.  In  the 
case  of  the  snake,  the  poison  is  projected  through  the  hollow  fang,  and  hence, 
wherever  that  enters,  however  clean  its  exterior  may  be  wiped,  this  drop  of 
poison  is  injected  into  the  parts  at  the  extreme  point  of  penetration.  A  snake 
that  bites  through  a  gaiter  or  glove,  would,  therefore,  inflict  as  deadly  a  wound 
as  if  the  unprotected  foot  or  hand  were  struck  by  the  fang  ;  whereas  the  tooth 
of  the  rabid  dog  would  be  wiped,  and  the  bite  be  harmless.  But  making  all 
allowance  for  the  mechanical  action  of  clothing  in  preventing  inoculation  of 
the  part  bitten,  there  is,  I  think,  good  reason  to  believe  that  there  is  a  great 
difference  in  the  susceptibility  of  different  individuals  to  the  poison  of  rabies. 
For  it  is  an  undoubted  fact  that  veterinary  Surgeons  and  others  have  often 
been  bitten  on  an  uncovered  hand  by  rabid  dogs,  and  yet  have  escaped  the 
disease,  EUiotson  mentions  the  cases  of  two  sisters  who  were  both  bitten  in 
the  face  by  the  same  rabid  dog  ;  the  fii-st  escaped — the  second  died  of  hydro- 
phobia. White,  of  Brighton,  disbelieving  in  the  contagion  of  the  disease, 
inoculated  himself  with  the  saliva  of  a  rabid  dog  with  impunity. 

Nothing  is  as  yet  known  as  to  the  exact  nature  of  tlie  virus,  and  all 
attempts  to  discover  a  specific  micro-organism  in  the  infective  secretions  and 
tissues  have  so  far  failed.  The  observations  of  Pasteur  seem  to  show  that  its 
activity  is  abolished  by  drying,  heat,  and  putrefaction,  but  can  be  preserved 
for  some  time  by  cold  and  moisture.  It  has  been  proved  to  exist  in  the  saliva 
and  salivary  glands,  in  the  central  nervous  system,  and  in  the  peripheral 
nerves,  but  no  satisfactory  proof  has  been  given  that  it  exists  in  the  blood. 

Period  of  Inoculation. — Rabies  differs  from  most  other  specific  diseases 
in  the  length  of  time  that  the  poison  may  lie  dormant  without  giving  rise  to 
any  symptoms.  This  period  is  A  ery  variously  estimated  by  different  writers. 
It  is  said  to  have  been  as  short  as  three  days  and  as  long  as  fifteen  years,  but 
it  is  now  generally  believed  to  extend  only  to  a  few  weeks.  In  only  6  per 
cent,  of  147  authentic  cases  was  it  found  to  exceed  six  weeks.  In  the  case  of 
the  Duke  of  Richmond,  who  was  bitten  whilst  separating  a  tame  fox  and  a 
dog  that  were  quarrelling,  (it  is  doubtful  by  which  animal  the  bite  was 
inflicted)  the  disease  did  not  develop  itself  until  between  six  and  seven  weeks 
after  the  injury.  Meade  has  related  the  case  of  a  lady  who  had  the  disease 
fifteen  months  after  the  bite  :  and  Mayer  of  St.  Petersburg  that  of  a  young 
man  who  died  of  hydrophobia  twenty-six  months  after  being  bitten  ;  Sir 
Thomas  Watson  adduces  evidence  that  the  poison  may  lie  dormant  for  ycara. 
Writers  however,  who  state  that  six,  seven,  twelve,  and  even  fifteen  years  have 
int(!rvened  between  the  infliction  of  the  wound  and  the  manifestation  of  the 
symptoms,  have  evidently  fallen  into  error,  having  probably  confounded  with 
hvdrophobia  other  nervous  affections  that  closely  resemble  it.  In  this  long 
and  uncertain  period  of  incubation  the  disease  bears  some  resemblance  to 
syphilis,  which  may  occasionally  give  rise  to  no  definite  symptoms,  either  local 
or  general,  till  six  weeks  after  inoculation. 

Symptoms  in  Man.— The  wound  has  generally  cicatrized  long  before  any 
symptoms  of  hydro] )hol)ia  declare  themselves  ;  and  no  peculiar  appearance  is 
presented  by  the  scar.    Shooting  pains,  twitching  and  itching  sensations  have, 
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however,  occasionally  been  experienced  in  the  site  of  the  wound  before  the 
supervention  of  the  attack. 

The  symptoms  are  usually  ushered  in  for  two  or  three  days  (according  to 
Perry  for  five  or  six)  by  some  antecedent  phenomena,  consisting  of  giddiness, 
nhills  and  heats,  and  a  general  feeling  of  discomfort.  In  some  cases  vesicles 
under  the  tongue  have  been  observed.  The  more  special  symptoms  never 
manifest  themselves  until  the  disease  is  fairly  established  ;  they  consist  essen- 
tially in  violent  and  repeated  convulsive  movements  of  a  reflex  character, 
induced  by  various  external  influences  acting  on  the  surface  of  the  body  or  on 
the  fences,  or  by  mental  impressions  ;  and  they  speedily  end  in  exhaustion  and 
death. 

The  special  symptoms  are  referable  to  an  excessive  irritability  of  the  medulla 
and  upper  part  of  the  cord,  in  consequence  of  which  the  slightest  afferent 
impulse  causes  a  wide-spreading  and  violent  reflex  spasm  of  the  muscles  of 
deglutition  and  respiration,  and  of  those  of  the  neck  and  sometimes  of  the  jaw 
and  tongue.  At  the  same  time  there  is  considerable  mental  disturbance,  chiefly 
assuming  the  form  of  excessive  terror  and  agitation. 

The  Excessive  IrriUibilittj  of  the  Medulla  and  upper  part  of  the  Spinal  Cord 
is  shown  first  by  the  very  slight  nature  of  the  afferent  impulses  which  are 
suSicient  to  cause  a  reflex  spasm.  A  blast  of  cold  air,  the  rustling  of  the  bed- 
clothes, the  slightest  touch  of  or  movement  on  the  skin,  will  bring  on  con- 
vulsions. As  the  disease  advances,  stimulation  of  the  nerves  of  special  sense 
produces  the  same  effect ;  so  that  a  sudden  flash  of  light  before  the  eyes,  as  the 
reflection  of  the  sua  from  a  looking-glass,  or  a  sudden  noise,  as  the  slamming 
of  a  door,  will  produce  a  spasm.  Mental  impressions  even  may  cause  the 
same  result.  The  noise  produced  by  liquids  being  poured  from  one  vessel  to 
another  is  peculiarly  distressing  to  the  patient ;  and  EUiotson  mentions  a  case 
in  which  a  patient  with  hydrophobia  was  thrown  into  violent  agitation  by 
hearing  the  dresser  who  sat  up  with  him  void  urine.  The  sufferings  and  con- 
vulsions that  the  patient  experiences  when  he  attempts  to  drink  are  owing  to  the 
same  cause.  The  normal  reflex  contraction  of  the  muscles  of  deglutition  that 
occurs  in  swallowing  becomes  spasmodic,  and  spreads  widely  to  other  muscles, 
imding  in  a  general  convulsion,  and  the  recollection  of  these  sufferings  makes 
iiim  afraid  to  repeat  the  attempt ;  hence  the  fear  of  liquids  from  which  the 
disease  derives  its  name. 

In  the  earlier  stages  of  the  disease  the  spasm  affects  chiefly  the  muscles  of 
'Itiglutition  and  respiration  ;  a  catch  in  the  breathing,  resembling  what  often 
occurs  when  a  person  goes  into  a  cold  bath,  is  met  with  as  one  of  the  earliest 
symptoms,  taking  place  in  the  midst  of  conversation,  and  before  the  patient's 
inind  is  directed  to  the  nature  of  the  disease.  This  catch  is  due  to  the 
spasmodic  descent  of  the  diaphragm,  and  gives  rise  to  severe  pain  at  the  pit  of 
'  ho  stomach,  or  to  a  feeling  of  sufFocatiou.  In  consequence  of  this  spasm  of 
Mie  diaphragm,  the  patient  makes  from  time  to  time  a  loud  hiccuping  noise, 
which  has  been  likened  to  the  bark  of  a  dog.  As  the  disease  advances  the 
spasms  extend  more  widely,  and  increase  in  violence.  The  extraordinary 
nmscles  of  respiration  and  those  of  the  neck  and  jaw  are  thrown  into  violent 
piisms,  and  the  convulsions  may  extend  even  more  widely.  The  laryngeal 
iiiisclcs  also  become  affected,  and  spasm  of  the  glottis  is  not  an  uncommon 
'node  of  death.  Towards  the  end  of  the  case  the  spasms  may  occur  without 
>iiy  recognizable  external  stinnilus,  but  just  before  death  thcymay  entirely  cease. 
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■  From  an  early  stage  of  the  case  there  is  an  abundant  viscid  secretion  from 
the  month  and  fauces,  which  the  patient  finds  great  difficulty  iu  expectorating, 
often  trying  to  pull  it  out  with  the  fingers  ;  and  children  may  in  this  way 
scratch  and  tear  the  skin  of  the  lips  and  nose. 

One  of  the  earliest  symptoms,  and  one  of  the  most  persistent,  is  extreme 
Mental  AgitaUon  and  Terror,  a  vague  sense  of  dread  and  horror  at  the  im- 
pendmg  fate.  Spectral  illusions  sometimes  occur,  the  patient  su])posing  himself 
to  be  surrounded  by  animals,  by  horrid  forms,  or  by  gaping,  ghastly,  and 
grinning  countenances,  by  flies  or  wasps.  The  first  symptom  in  the  Duke  of 
Richmond's  case  was,  that  he  fancied  some  poplar- trees  opposite  his  bedroom- 
window  to  be  men  looking  in.  These  delusions  may  alternate  with  fits  of 
delirium,  terror,  and  frenzy.  In  these  it  is  said  that  the  patient  barks  like' a 
dog,  and  endeavours  to  bite  ;  but  this  is  a  popular  error — the  pretended  bark 
is  merely  the  catch  in  breathing,  and  the  attempt  to  bite  is  nothing  but  move- 
ments of  the  tongue  and  mouth  induced  by  the  viscid  and  ropy  saliva. 

The  temperature  is  not  usually  very  high,  not  much  over  100°  F.  Albumen 
and  sugar  have  been  found  in  the  urine  by  F.  A.  Southam,  the  sugar  doubt- 
less depending  on  irritation  of  the  medulla  oblongata. 

Duration  and  Termination. — The  disease  may  prove  fatal  in  four-aud- 
twenty  hours,  or  life  may  be  prolonged  for  six  or  seven  days.  Death  generally 
takes  place  from  the  second  to  the  fourth  day,  and  may  occm-  from  spasm  of  the 
glottis  or  .from  exhaustion.  Occasionally  the  symptoms  subside  completely 
before  death  ;  the  increased  sensibility  of  the  surface  disappearing,  the  mental 
agitation  or  delusion  being  removed,  and  deglutition  and  respiration  being 
quietly  performed.  Thus,  Latham  relates  the  case  of  a  man  labouring  under 
this  disease,  who  sat  up  quietly  in  bed  and  drank  a  pint  of  poiter  half  an  hour 
before  he  died.  In  these  cases  the  pulse  gradually  becomes  slower  and 
slower,  and  finally  ceases  to  beat.  This  mode  of  death  is  not  exhaustion,  but 
is  due  to  a  destructive  change  in  the  cardiac  centre  in  the  medulla. 

Prognosis. — I  am  not  acquainted  with  any  case  of  recovery  from  hydro- 
phobia, after  the  disease  has  fairly  set  in.  It  cannot,  however,  be  pronounced 
absolutely  and  inevitably  fatal,  if  we  accept  as  correct  Radcbfie's  statement 
that,  of  109  authentic  cases,  recovery  took  place  in  14. 

Pathology. — The  appearances  which  are  found  after  death  in  undoubted 
cases  of  hydrophobia  harmonize  with  the  symptoms  observed  during  life. 
The  most  definite  and  characteristic  change  is  found  in  the  lower  part  of  the 
medulla,  "  most  intense  in  the  hypo-glossal,  glosso-pharyngeal  and  vagal  nuclei 
and  their  neighbourhood."  Gowers  found  the  changes  identical  and  so  clearly 
marked,  that  the  nature  of  the  aftection  could  have  been  recognized  from  the 
post-mortem  appearance  alone  in  seven  out  of  eight  cases  he  examined. 
Nothing  is  visible  to  the  naked  eye,  but  the  microscope  shows  anfe-morlem 
clots  in  some  of  the  minute  vessels,  and  the  perivascular  spaces  in  the  afiect^'d 
region  crowded  with  leucocytes.  In  the  regions  in  which  the  dise<ise  is 
most  advanced,  the  leucocytes  pass  beyond  the  lymphatic  spaces  and  invade 
the  tissues  of  the  medulla,  sometimes  being  so  closely  packed  as  to  conc-eal 
the  normal  structures  in  minute  spots.  The  only  change  in  the  Jierve 
elements  is  slight  granular  degeneration.  The  appearances  are,  in  short, 
those  of  inflammation  of  the  affected  region.  These  appearances  were 
very  marked  in  a  case  which  occurred  under  my  care  in  University  College 
Hospital  in  1871.    Benedikt  and  others  have  found  identical  changes  lu 
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the  dog.  Takijig  the  post-mortem  appearances  and  the  symptoms  together, 
it  would  seem  probable  that  the  essential  feature  of  the  disease  is  an  infective 
inflammation,  chiefly  affecting  the  medulla  oblongata.  The  first  sign  of 
damage  to  the  nerve-elements  is  their  loss  of  resistance,  and  the  occurrence 
of  violent  and  irregular  action  from  slight  causes.  If  the  patient  does  not 
perish  at  an  early  stage  from  exhaustion,  damage  of  the  nervous  tissue  pro- 
gresses till  it  comes  to  respond  more  feebly  than  natural  to  the  different 
hnpulses  it  receives  ;  this  corresponds  to  the  period  of  calm  before  death  that 
so  frequently  occurs.  Finally,  it  becomes  incapable  of  performing  its  functions, 
and  the  heart  ceases  to  beat.  Coats  states  that  he  has  found  in  addition  to 
the  congestion  of  the  fauces  always  met  with,  actual  infiltration  of  the 
sahvary  glands  with  leucocytes.  Beyond  these  no  definite  appearances  are 
met  with.  Although  Pasteur  has  not  been  able  successfully  to  inoculate  the 
blood  of  a  rabid  animal  there  is  no  doubt  that  the  virus  can  be  carried  to  the 
brain  and  cord  by  the  circulation.  To  prove  this  he  inoculated  a  rabbit  by 
injection  into  the  auricular  vein  and  immediately  afterwards  cut  off  the  ear, 
but  the  symptoms  developed  as  usual.  The  theory  that  the  virus  can  reach 
the  nervous  centres  by  direct  extension  along  the  nerves  has  nothing  to 
support  it. 

Hydrophobia  belongs  to  the  class  of  specific  infective  diseases,  its  chief 
peculiarity  being  the  unusual  duration  of  the  period  of  incubation.  It  is  in 
no  way  more  extraordinary  than  such  a  disease  as  mumps,  in  which  a  period 
of  perfect  health,  lasting  for  three  weeks,  intervenes  between  infection  and  the 
appearance  of  a  local  acute  inflammation  attacking  the  parotid  gland. 

Tkeatment.— This  must  be  -^vmcv^o^Xj  preventive  and  pcdiiattve.  We  can- 
not speak  of  curative  treatment  of  hydrophobia  ;  for,  after  the  disease  has  once 
set  in,  the  utmost  that  can  be  done  is  to  lessen  the  patient's  sufferings,  and 
stay  for  a  few  hours  the  almost  inevitably  fatal  termination. 

Preventive  Treatment. — Owing  to  the  fact  that  but  a  smaU  proportion  of 
those  bitten  are  attacked  by  the  disease,  innumerable  popular  remedies  have 
obtained  an  unmerited  reputation  for  preventing  hydi'ophobia. 

When  a  person  is  bitten  by  a  rabid  dog,  or  even  by  one  that  is  reasonably 
supposed  to  be  so,  the  Surgeon  should  always  adopt  energetic  means  to  save 
the  patient  from  the  invasion  of  so  fatal  a  disease.  As  soon  as  possible  after 
the  bite  has  been  inflicted,  a  string  or  bandage  of  some  kind  should  if  possible  be 
applied  on  the  proximal  side  of  the  wound,  so  as  to  arrest  the  circulation.  Suction 
is  commonly  recommended,  and  would  be  almost  instinctively  practised  ;  but 
it  is  not  altogether  devoid  of  danger,  as  there  is  reason  to  believe  that 
inoculation  may  take  place  through  the  mucous  membrane  of  the  lip  and 
mouth,  and  would  certainly  occur  if  there  were  any  crack  or  abrasion.  The  only 
i  preventive  means  that  can  be  trusted  by  a  Surgeon  are  excision  and  caustics. 

Excision  is  no  doubt  the  most  effectual  preventive  treatment,  but  it  is 
seldom  practised.  It  should  be  carefully  and  freely  performed,  no  half 
'  measures  being  had  recourse  to.  It  is  better  to  remove  too  much  of  a  com- 
:  paratively  unimportant  tissue  or  part,  than  to  allow  the  sufferer  to  run  any 
risk  of  falling  a  victim  to  the  fatal  disease.  In  order  to  excise  every  part  that 
has  been  touched  by  the  tooth,  the  Surgeon  should  pass  a  probe  to  the  bottom 
of  the  wound,  and  excise  the  whole  by  scooping  out  a  conical  piece  of  the 
tissues,  taking  care  to  go  Ijeyond  the  furthest  limit  to  which  the  probe  is 
passed.  If  there  be  any  doubt  of  the  removal  of  the  whole  of  the  injured  parts, 
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a  caustic  should  be  applied.    If  the  lip  be  Ijitten  through,  a  purtiou  may  be  k 
cut  out,  and  the  wound  brought  together,  as  in  hare-lip  operations  ;  if  a 
finger  be  injured,  it  may  be  amputated. 

Caustics  are  m\u-\\  more  commonly  used.  The  introduction  ol'  a  sharj)-  ij 
pointed  stick  of  nitrate  of  silver  into  each  tooth-mark  was  strongly  reconi-  a 
mended  by  Youatt,  who  had  himself  been  bitten  twenty  times.  Potassa  fusa  3 
is  also  a  most  efficient  caustic,  but  it  is  apt  to  extend  its  action  farther  than  ^ 
is  intended.  liiquid  caustics  poured  into  the  hole  left  by  the  tooth  have  the 
advantage  of  penetrating  Aery  thoroughly  into  every  part  of  the  wound. 
Pure  carbolic  acid,  or  fuming  nitric  acid,  may  be  used  in  this  way.  If  tlie 
Avound  have  already  cicatrized,  the  bitten  part  may  be  excised  at  any  time 
after  the  injury,  provided  the  dog  is  known  to  have  been  mad,  or  to  have 
become  so  afterwards  :  for  it  is  not  impossible  that,  in  the  cases  in  which  the 
disease  has  occurred  at  a  remote  period,  it  has  been  dependent  upon,  or  con- 
nected with,  some  peculiar  action  set  up  in  the  wound,  which  might  possibly 
be  averted  by  the  remoA'al  of  the  cicatrix. 

Pasteur's  Preventive  Treatment.— In  the  year  1880  Pasteur  com- 
menced a  series  of  researches  into  the  nature  of  hydrophobia,  as  the  result  of 
which  he  beheves  that  he  has  discovered  a  means  of  rendering  an  annual 
incapable  of  developing  the  disease  if  inoculated  with  the  virus,  and  that 
Avithin  certain  hmits  of  time  he  can,  by  the  same  treatment,  prevent  the 
occurrence   of  the   disease,  even  after  inoculation  of  the  virus  on  an 
unprotected  animal.    He  started  with  the  idea  that  it  might  be  possible  so  to 
attenuate  the  virus  that  its  inoculation  might  induce  a  modified  form  of  the 
disease,  free  from  danger  to  life,  but  protecting  the  animal  from  a  subsequent 
attack.    In  this  he  was  not  successful,  and  his  present  mode  of  treatment,  I 
although  conferring  immimity,  produces  no  appreciable  disturbance  of  health. 
In  this  it  differs  entirelv  from  vaccination.    It  is  impossible  to  give  here 
more  than  the  briefest  summary  of  Pasteur's  work.    The  first  definite  result 
arrived  at  was  the  fact  that  the  virus  is  constantly  present  m  the  central 
nervous  system  of  rabid  dogs,  and  can  thus  be  obtained  free  ft'om  con- 
tamination by  the  septic  organisms  always  present  m  the  saliva.  By 
crushing  up  portions  of  the  cord  in  sterilized  broth  a  suitable  materia  was 
obtained  for  inoculation,  and  it  was  found  that  by  trephining  an  animal  and 
iniectino-  the  virulent  fluid  beneath  the  arachnoid,  rabies  can  be  mduced 
with  pet-feet  certainty,  and  that  the  incubative  period  is  reduced  to  froin 
six  to  ten   days.     Pasteur  next  found  that  by  inoculating  a  series  ot 
monkeys,  using  the  cord  of  the  first  for  the  second  and  so  on,  a  gradual 
attenuation  of  the  virus  takes  place,  until  its  x  irulcnce  disappears  entirely. 
IJy  inoculating  the  attenuated  virus  he  succeeded  in  producing  immunity  in 
does    Further  observations  showed  that  by  inoculating  a  series  of  rabbits 
with' the  attenuated  virus  from  monkeys  he  could  gradually  restore  and  even 
increase  its  virulence  ;  the  chief  evidence  of  the  increased  v^''"!?"^^^  ^emg  the 
gradual  shortening  of  the  incubative  period.    At  last  by  passing  the  poison 
derived  directly  fi^m  a  dog  through  a  series  of  rabbits  he  obtained  appaient  J 
the  maximum'virulence.  inoculation  by  trephining  being  ^^^'t^^"!^,  f 
by  rabies  on  the  seventh  day.  and  at  this  point  the  intensity  of  the  Pm«)n 
rlained  constant.    The  symptoms  in  the  rabbit  differ  «r ^^^^^/^^^^^^^^^^^^^ 
in  the  dog,  the  most  marked  feature  being  paralysis  of  the  hind  1  ^'^^^^^ 
extendinl  to  the  fore  legs  before  death.    After  death  the  whole  length  of  the 


TREATMENT  OF  HYDROPHOBIA. 


373 


cord  is  equally  virulent.  That  the  disease  thus  induced  is  true  rabies  is 
proved  by  the  fact  that  dogs  inoculated  with  the  rabbit's  cord  develop  the 
typical  disease  either  of  the  dumb  or  the  furious  variety.  The  virus  of 
constant  strength  having  been  thus  obtained,  the  next  poinli  is  to  attenuate  it 
so  that  it  can  be  inoculated  without  a  fatal  result.  The  means  of  so  doing  was 
found  in  simply  drying  the  cord.  If  the  cord,  removed  with  all  practicable 
antiseptic  precautions,  be  suspended  in  a  glass-jar,  at  the  bottom  of  which 
some  caustic  potash  is  placed  to  dry  the  air,  its  virulence  gradually  dis- 
appears until  at  the  end  of  fi'om  10  to  14  days  it  is  completely  lost.  Pasteur 
inoculated  dogs  with  this  attenuated  A'irus  in  the  following  way: — Every  day 
a  portion  of  cord  rubbed  down  in  sterilized  broth  was  injected  beneath  the 
skin,  commencing  with  some  that  had  been  dried  long  enough  to  have  lost  its 
virulence,  and  each  day  using  a  more  virulent  material  till  at  last  the  fresh 
cord  was  reached.  It  was  found  that  this  could  be  done  without  disturbing 
the  health  of  the  dog,  and  at  the  end  of  the  process  the  animal  presented  a 
perfect  resistance  to  the  most  intense  vii'us,  nor  could  rabies  be  given  to  it  by 
the  bite  of  a  rabid  animal.  That  Pasteur  and  others  have  thus  conferred 
upon  dogs  a  perfect  immunity  to  the  virus  of  hydrophobia  cannot  be  doubted, 
but  how  it  is  done  is  quite  uncertain.  Pasteur  asserts  that  the  poison,  what- 
ever it  may  be,  is  destroyed  by  drying,  and  that  it  is  not  a  true  attenuation 
but  rather  a  diminution  in  quantity  that  takes  place  as  the  cord  dries. 
Although  no  organism  has  yet  been  found,  Pasteur  suggests  that  one  may  be 
present  which  produces  in  its  growth  a  chemical  substance  hostile  to  its  own 
development,  a  condition  met  with  in  numerous  organised  ferments.  In  the 
dried  cord  the  living  organism  perishes  gradually  while  the  chemical  antidote 
undergoes  no  change.    This  is,  of  course,  merely  a  hypothesis. 

On  July  6th,  1885,  Pasteur  first  applied  his  method  to  the  human  subject. 
The  patient,  Joseph  Meister,  aged  14,  had  been  severely  bitten  in  fourteen 
places  by  a  mad  dog.  The  boy  suffered  no  evil  effects  from  the  treatment, 
and  is  still  alive  and  well.  Since  that  time  thousands  have  flocked  to 
Pasteur's  laboratory  from  all  parts  of  Europe,  and  some  even  from  America. 
The  treatment  has  been  modified  in  some  points,  but  the  following  may  be 
taken  as  an  example  of  the  way  in  which  it  is  carried  out.  The  cord  is 
pounded  up  with  a  glass  rod  in  a  quantity  of  sterilized  veal  broth  equal  to 
four  times  its  bulk  before  it  was  dried,  and  of  this  mixture  about  one  cubic 
centimetre  is  used  in  each  inoculation  for  an  adult,  and  a  proportionately 
smaller  quantity  for  children.  The  injections  are  made  under  the  skin  of  the 
abdomen  three  times  a  day  at  11  a.m.,  4  p.m.,  and  i)  p.m.  (The  following 
numbers  indicate  the  days  of  drying  to  which  the  cord  has  been  submitted.) 
First  day  of  treatment,  12,  10,  and  8  ;  second  day,  G,  4,  and  2  :  third  day,  1  ; 
fourth  day,  8,  G,  4  ;  fifth  day,  3,  and  2  ;  sixth  day,  1 ;  sev£nth  day,  4  ;  eighth 
day,  3;  ninth  day,  2  ;  tenth  day,  1.  In  bad  cases  of  bites  on  the  face  the 
course  of  treatment  is  repeated  after  a  few  days.  This  Pasteur  terms  the 
"  intensive  "  treatment,  and  it  is  adopted  by  him  in  wolf-bites  and  the  more 
*  severe  cases  of  l)ites  from  undoubtedly  rabid  dogs.  In  other  cases  he  com- 
mences with  a  more  attenuated  virus  and  spreads  the  treatment  over  a  longer 
time.  No  abscesses  or  other  local  troubles  have  in  any  case  followed  the 
injections. 

That  the  treatment  is  not  infallible  Pasteur  liimself  acknowledges  ;  how 
fallible  it  is  can  scarcely  yet  be  determined.    From  November,  1885,  to 
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December  31st,  188G,  Pasteur  liad  treated  23;i  patients  Ijitteii  by  animals 
conclusively  proved  to  have  been  rabid  ;  of  these  4  died,  or  171  per  cent. ; 
11)31  bitten  by  dogs  certified  after  post-mmiam  examination  by  a  veterinary 
surgeon  to  have  been  mad,  and  of  these  25  died,  or  1-28  per  cent. ;  and  518 
doubtful  cases,  of  whom  2  died,  making  a  total  of  2682  cases  with  ?A 
deaths,  7  of  which  were  in  patients  bitten  by  wolves.  If  the  2164  patients 
in  the  first  two  classes,  or  only  half  of  them,  were  really  bitten  by  rabid  dogs, 
it  can  hardly  be  denied  that  the  treatment  has  been  productive  of  a  great 
saving  of  life.  Ou  the  other  hand,  it  is  maintained  by  Lutaud  that  in  spite  of 
Pasteur's  treatment  the  total  number  of  deaths  fi'om  hydrophobia  dunng  the 
period  above  mentioned  is  above  the  average,  and  that  since  the  adoption  of 
the  "  intensive  "  treatment  eight  patients  at  least  have  died  after  inoculation 
with  mysterious  paralytic  symptoms  curiously  resembling  rabies  as  it  occurs  m 
inoculated  rabbits. 

To  a  certain  extent  Pasteur  acknowledges  the  truth  of  the  last  statement, 
for  he  now  adopts  the  intensive  treatment  only  in  the  most  urgent  cases. 

A  •  committee,  composed  of  Sir  H.  Roscoe,  Burdon-Sanderson,  Su-  James 
Paget,  Sir  Joseph  Lister,  Lauder  Brunton,  Dr.  Quain,  Dr.  Fleming,  and 
Y.  Horsley,  was  nominated  by  the  President  of  the  Local  Govei-nment  Board 
in  1886  to  inquire  into  Pasteiu-'s  treatment,  and  after  a  most  exhaustive  in- 
vestigation, as  a  part  of  which  V.  Horsley  repeated  the  experiments  on  animals, 
the  committee  reported  in  1887,  fully  confirming  Pasteur's  conclusions  on 
every  important  point. 

The  treatment  can  of  course  be  carried  out  only  in  institutions  estabhshed 
for  the  purpose,  as  it  is  necessary  to  keep  a  large  number  of  rabid  rabbits 
constantly  in  stock,  for  if  from  any  cause  the  intensified  virus  as  developed  in 
the  rabbits  died  out  it  would  take  some  months  to  develop  it  again  by  a  fresh 
series  of  inoculations  starting  from  a  rabid  dog. 

The  treatment  may  be  commenced  at  any  time  before  the  invasion  of  the 
disease,  but  the  chances  are  of  necessity  very  seriously  diminished  after  a 
fortnight  ft-om  the  date  of  the  bite. 

Palliative  Treatment.— After  the  disease  has  once  set  in,  nothing  can  be 
done  but  to  paWafe  ^ymjotoms  and  prolong  life.  Every  possible  remedy 
that  the  ingenuity  of  man  could  demise,  from  warm  water  to  A'lper-  and 
ticuna-poison,  has  been  tried,  and  been  found  utterly  useless. 

But,  although  no  treatment  hitherto  tried  has  been  successful  in  curing 
this  horrible  disease,  much  may  be  done  to  mitigate  the  sufferings  caused  by  it. 
With  this  view,  all  som-ces  of  external  irritation,  wliether  physical  or  mental, 
should  be  removed.  The  patieut  should  be  placed  in  a  darkened  and  noise- 
less room,  and  not  subjected  to  the  intrusive  curiosity  of  strangers  ;  and  the 
bed  should  l)c  surrounded  by  gauze  curtains  or  screens,  so  as  to  prevent  the 
disturbing  influence  even  of  a  draught  of  cold  air  blowing  on  the  surface. 
Chloroform  may  1)C  administered  by  inhalation,  or  chloral  may  be  injected  sub- 
cutaneously  in  10  to  15  grain  doses  every  second  or  third  hour,  m  order  to 
calm  the  violence  of  the  spasms  and  to  procure  sleep,  but  care  must  be  taken 
not  to  push  it  too  far  lest  coma  result. 

In  a  case  lately  in  University  College  Hospital  the  patient  experienced  great 
relief  from  having  the  fauces  occasionally  brushed  with  a  solution  of  cocjime. 

The  hot  air  or  vapour  bath  often  affords  great  temporary  relief,  ana 
diminishes  in  a  marked  manner  the  violence  of  the  spasms. 
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The  subcutaneous  injection  of  curare  has  been  strongly  recommended, 
and  doubtful  cases  of  cnre  by  its  means  have  been  reported.  The  dose  is 
from  the  ^th  to  ^th  of  a  grain  every  third  hour.  Mercury  pushed  to  sahva- 
tion  was  formerly  recommended  both  as  a  preventive  and  curative  treatment. 
Audry  (177!))  relates  numerous  cases,  apparently  authentic,  in  which  it  seems 
to  have  been  of  use.  Tracheotomy  has  been  recommended  in  order  to 
avert  death  l)y  spasm  of  the  glottis.  But  what  possible  good  can  result  from 
preventing  death  by  this  cause  when  it  is  impending  from  another  ?  Lastly, 
the  Surgeon  must  bear  in  mind  that  he  has  to  treat  an  exhausthig  disease, 
and  that  he  must  consequently  support  the  patient  by  wine,  beef-tea,  and  such 
nourishment  as  can  be  taken. 

MALIGNANT  PUSTULE. 

Mahgnant  pustule  or  charbon  is  the  name  commonly  given  to  the  affection 
produced  by  the  inoculation,  on  the  cutaneous  surface  in  man,  of  the  virus 
of  th3  disease  of  cattle  known  as  splenic  fever  or  anthrax.  Splenic  fever  is 
fortrmately  rare  amongst  animals  in  this  country,  while  in  France  and  some 
parts  of  Germany  it  occurs  with  considerable  frequency  amongst  horned  cattle, 
horses,  and  sheep.  Malignant  pustule  is  consequently  also  rare  here,  being  met 
with  chiefly  amongst  workers  in  foreign  hides  or  wools  ;  on  the  Continent  it 
is  common  also  amongst  butchers.  The  virus  has  now  been  clearly  proved  to 
be  a  large,  easily  recognizable  microscopic  organism^  the  bacillus  anthracis. 
It  may  find  entrance  into  the  body  by  the  lungs  or  intestines  in  the  form  of 
dust,  and  then  it  gives  rise  to  a  general  disease  running  a  rapid  and  fatal  course 
without  the  formation  of  an  external  centre  of  inflammation.  This  alfection, 
which  is  known  as  "  woolsorters'  disease,"  has  lately  been  brought  promi- 
nently into  notice  by  the  occurrence  of  several  fatal  cases  at  Bradford  amongst 
workmen  engaged  in  sorting  Persian  and  Bokharan  wools.  Malignant  pustule 
assumes  an  importance  quite  out  of  proportion  to  the  frequency  of  its  occur- 
rence ;  first,  because  of  the  necessity  of  recognizing  it  early  for  its  successful 
treatment ;  and  secondly,  because  it  forms  a  type  of  a  true  infective  process, 
both  local  and  general,  and  its  exact  pathology  is  better  understood  than  that 
of  most  other  diseases  of  the  same  kind. 

Symptoms. — The  first  symptom  of  malignant  pustule  is  the  formation  of 
a  small  angry  red  pimple  on  some  exposed  part  of  the  body — either  the  face, 
hands,  or  arms.  The  patient  may  be  conscious  of  having  scratched  or  pricked 
himself  at  the  point  at  which  the  pimple  appears,  or  he  may  rightly  or  wrongly 
attribute  it  to  the  bite  or  sting  of  an  insect.  The  pimple  is  accompanied  by 
intense  itching,  and  after  some  hours  a  vesicle  forms  on  its  summit,  which  is 
burst  by  the  patient's  scratching  it.  There  now  forms  a  distinct  indurated 
patch,  which  rapidly  extends  ;  at  first  it  is  grey  in  colour,  but  by  the  end  of 
the  second  day  the  central  part  is  black.  The  skin  in  the  neighbourhood 
becomes  red  and  swollen,  and  round  the  edge  of  the  black  patch  a  ring  of 
vesicles  is  formed.  The  individual  vesicles  are  about  the  size  of  mustard- 
seeds.  There  now  follows  considerable  swelling  of  the  surrounding  parts  with 
enlargement  of  the  neighbouring  lymphatic  glands,  and  if  the  pustule  is  seated 
on  the  arm,  red  lines  may  run  up  towards  the  axilla.  The  rate  of  progress 
varies  considerably,  but  by  the  fifth  or  sixth  day  the  black  eschar  may  reach 
the  size  of  a  florin,  and  the  surrounding  swelling  may  aflTect  the  whole  side  of 
the  face  or  the  greater  part  of  the  arm.    Beyond  the  itching  there  is  but 
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little  pain.  The  constitutional  symptoms  are  not  severe  at  fii-st,  but  by  tlie 
fourth  or  fifth  clay  the  temperature  rises  to  101°  or  102°,  the  ])ulBe  becomes 
quick  and  irregular,  the  tongue  dry,  and  the  patient  suffers  fi'om  headache, 
and  a  feeling  of  general  severe  illness.  There  may  be  dyspnoea  or  fainting, 
diarrhoea,  and  occasionally  delirium.  If  no  treatment  be  adopted,  the  case 
most  frequently  terminates  fatally  in  less  than  a  week  from  its  commencement. 
The  whole  process  may,  however,  remain  local  and  cease  by  itself,  the  redness 
subsiding,  the  slough  separating,  and  the  resulting  granulating  sore  healing 
with  considerable  disfigurement.  This  fayoural)le  termination  is,  howevei',  of 
great  rarity. 

In  some  exceptional  cases,  the  result  of  the  inoculation  may  be  a  widely 
diffused  oedema  without  the  formation  of  a  distinct  localized  inflammation. 
This  form  is  rapidly  fatal.  If  the  patient  survis-e  beyond  three  or  four  days, 
eschars  and  pustules  may  form  in  the  swollen  part.  This  form  has  been  de- 
scribed by  the  French  writers  under  the  name  of  '^malignant  oidema.''' 

The  internal  form — "  ivoolsorters'  disease,''''  or,  as  it  has  been  caUed,  aniJira- 
ccemia — belongs  rather  to  the  Physician  than  to  the  Surgeon.  The  disease 
begins  with  a  great  sense  of  illness  —sometimes  with  a  rigor — vomiting,  and 
headache,  followed  by  high  fever,  marked  dyspnoea,  and  coldness  of  the 
extremities ;  usually  fatal  collapse  rapidly  ensues.  It  may  assume  a  pulmonary 
form,  in  which  the  symptoms  resemble  acute  pneumonia  or  bronchitis  ;  or  an 
intestinal  form,  in  which  vomiting  and  purging  are  marked  features.  The 
whole  illness  may  last  less  than  two  days,  or  may  be  prolonged  to  four  or  five. 
Woolsorters'  disease  is  extremely  fatal. 

The  diagnosis  of  malignant  pustule  is  not  difficult  when  the  characteristic 
features  are  well  developed.  The  black  eschar,  sm-rounded  by  vesicles,  around 
which  again  is  a  bright  red  zone,  and  the  wide-spreading  oedema  are  charac- 
teristic. If  there  is  any  uncertainty,  microscopic  examination  of  the  blood  or 
inflammatory  exudation  will  clear  up  the  doubt. 

Pathology.— After  death  from  malignant  pustule,  the  body  presents  the 
appearances  usually  met  with  in  cases  of  malignaut  blood-poisoning.  Rigor 
mortis  is  of  short  duration  and  feebly  marked,  there  being  frequently  early 
decomposition  and  marked  post-moriem  staining  of  the  tissues.  The  blood  is 
dark  in  colour,  and  imperfectly  coagulated,  and  minute  extravasations  ot 
blood  are  found  beneath  the  serous  and  mucous  membranes  throughout  the 
body.  There  is  swelHng  of  most  of  the  abdominal  viscera,  but  the  spleen, 
especially  in  the  lower  animals,  shows  the  greatest  change ;  it  is  swollen,  black 
in  colour,  soft,  and  sometimes  almost  diflflncnt  ;  the  mucous  membrane  of  the 
stomach  and  intestines  is  frecjuently  redder  than  natural,  and  may  be  mai-kcd 
by  hjemorrhagic  patches.  The  lungs  are  usually  gorged  with  blood,  especially 
at  their  bases. 

Locally  it  is  found  that  the  eschar  is  liard  and  dry,  and  penetrates  deeply 
into  the  subcutaneous  tissue,  but  not  beyond.  Tlie  neighbouring  lymphatic 
glands  are  enlarged  and  redder  than  natural. 

Microscopic  examination  of  the  local  affection,  of  the  blood  and  of  the 
viscera  shows  everywhere  the  presence  of  a  microscopic  organism  of  con- 
siderable size— the  bacillus  anthracis  (Fig.  121).  This  organism  was  dis- 
covered by  Pollender  as  long  ago  as  1840,  but  its  complete  life-history  and 
its  definite  relation  to  s])leuic  fever  have  been  but  recently  worked  out  by 
Davaine,  Chauvcau,  and  Pasteur  in  France,  Koch  in  (Germany,  Klein,  Ew:u-i 
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rtiid  Cireenfield  in  this  coiintiy,  and  a  multitude  of  otiicr  f)V)servers.  The 
bacilhis  anthracis  is  a  rod-shaped  oi'ganism,  varyinii'  in  leugtli  from  ^Vo 
^Vo  of  an  inch,  and  of  an  average  breadth  of  about  t;s^oo-  Thus  in  human 
blood  the  length  of  the  bacilli  may  reach  bctAveen  two  and  three  times  the 
diameter  of  a  red  corpuscle,  and  their  width  to  about  one-quarter  of  its  thick- 
ness. *  The  organism  is  {i.bundautly  ]n'esent  in  the  diseased  skin  and  in  the 
blood  in  "  malignant  pustule "  in  man.  In  the  affected  skin  it  shows  a 
marked  predilection  for  the  most  superficial  parts  of  the  papillary  layer  of  the 
cutis  immediately  beneath  the  rete  Malpighii,  as  sliowu  liy  Barker  in  a  case 
which  occurred  in  University  College  Hospi- 
tal. By  cultivating  it  in  suitable  fluids  out 
of  the  body  its  mode  of  growth  can  be  ob- 
served. It  multiplies  when  growing  actively 
by  increasing  in  length  till  it  reaches  a  certain 
size,  and  then  dividing  by  fission  at  or  near 
its  middle.  When  growing  in  this  way  the 
filament  remains  homogeneous  in  structm'e 
tlu'oughout :  itis  easily  destroyed  by  exposure 
to  a  moderate  degree  of  heat,  by  carbolic 
acid,  and  all  other  chemical  antiseptics.  The 
length  of  the  filament  as  compared  to  its 
breadth  varies  considerably  according  to  the 
medium  in  which  it  is  cultivated.  When 
grown  on  solid  media  (nutrient  gelatine,  agar- 
agar,  or  potato),  Avith  free  access  of  air,  spore- 
formation  takes  place,  aiid  the  same  will 
happen  in  fluid  media  if  the  organism  for 
any  reason  floats  on  the  surface.  The  spores 
appear  as  minute  highly  refracting  dots,  in  the  protoplasm  of  the  bacillus.  After 
they  have  formed  the  organism  may  break  up,  leaving  only  the  spores,  sm-- 
rounded  by  a  little  jelly-like  material ;  or  the  spores  may  be  quite  free,  or  still 
situated  in  very  short  segments  of  the  original  rods.  It  has  been  proved  by 
experiment  that  under  proper  conditions  these  sjjores  grow  into  the  fully- 
developed  bacilli,  that  they  are  really  genuine  germs  of  the  fungus.  From 
their  extremely  small  size  it  is  evident  that  if  dried  they  could  without 
difficulty  be  transported  from  one  place  to  another  as  dust  in  the  air,  and  it 
is,  in  fact,  these  dried  spores  that  serve  as  the  poison  both  in  malignant 
pustule  aud  woolsorters'  disease  as  seen  in  this  country.  The  ]:)Ower  of  resist- 
ance of  the  spores  to  injurious  influences  is  so  great  as  to  render  the  task  of 
disinfection  after  splenic  fever  undoubtedly  difficult.  The  experiments  of 
Kobert  Koch  have  shown  that  blood  containing  spores  of  the  bacillus  may  be 
dried,  and  even  allowed  to  putrefy  in  drying,  and  ke]it  afterwards  for  years 
without  losing  its  virulence.  The  spores  may  l)e  exposed  to  a  moist  heat  of 
212°  P.  for  a  very  short  time,  or  to  a  dry  heat  for  a  longer  period,  without 
injury.  Alcohol,  glycerine,  watery  solutions  of  carliolic  acid  (1  to  20), 
salicylic  acid,  thymol,  and  weak  solutions  of  permanganate  of  potash  are 
equally  powerless  to  destroy  their  vitality.  On  the  other  hand,  freshly 
prepared  chlorine-water,  bromine  (2  per  cent,  solution),  iodine,  perchloride  of 
mercury  (1  in  5000  in  water),  or  ])ermanganate  of  ]iotash  (.'')  per  cent,  in 
water),  destroy  their  vitality.     This  extraordinary  resisting  power  is  for- 


Ki^'.  I'il.  —  Uiii-illiis  Antliriieis  in  connec- 
tive tissue,  c,  SniaU  vein,  contain- 
ing b.-icilli  ;  /«■,  Capillaries,  clioketl 
with  bacilli ;  ii,  Nuclei  of  cells,  form- 
ini;  capillary  wall  ;  Nuclei  of  con- 
nective -  tissue  -  corpuscles  ;  <,  Small 
anionnt  of  lyniplioirl  tissue. 
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tunately  shown  only  by  spores,  and  as  far  as  we  know  tlie  ordinary  bacteria 
of  putrefaction  and  all  micrococci,  whether  septic  or  pathogenic,  multiply 
only  by  fission,  and  are,  like  the  bacillus  when  not  in  the  spore-bearing  stage, 
readily  destroyed  by  heat  and  chemical  antiseptics. 

That  the  organism  is  the  actual  cause  of  the  disease  is  proved  by  the  fact 
that  when  the  bacillus  is  in  the  spore-bearing  stage  it  may  be  washed  with 
distilled  water,  alcohol,  and  ether,  and  then  dried,  and  after  all  this,  if 
inoculated,  it  is  capable  of  producing  splenic  fever  in  the  animal  experi- 
mented on.  After  inoculation  it  produces  its  local  effects  probably  by 
setting  up  chemical  changes  of  a  fermentative  character  in  the  fluids  of 
the  part,  giving  rise  to  intensely  irritating  products,  which,  by  a  process 
analogous  to  cauterization,  cause  inflammation,  and,  soaking  into  the  sm-- 
roundiug  lymph-spaces,  give  rise  to  the  spreading  oedema  and  inflammation 
beyond  the  area  in  which  the  organisms  are  actually  growing.  When  the 
bacilU  get  into  the  blood  and  grow  widely  throughout  the  body,  they  are 
supposed  to  act  partly  by  causing  mechanical  obstruction  of  the  capillaries, 
and  partly  by  robbing  the  blood  of  its  oxygen  ;  for,  like  all  fungi,  they 
absorb  oxygen  during  their  growth.  This  would  account  for  the  dyspnoea 
and  cyanosis  usually  met  with  before  death  from  malignant  pustule. 

One  other  point  may  be  briefly  noticed.  Pasteur,  fi-om  nmnerous  ex- 
periments, came  to  the  conclusion  that  if  the  baciUi  are  cultivated  in  a 
fluid  medium  at  a  temperature  of  from  107-G°  F.  to  109-4°  F.,  they  do  not 
form  spores,  and  if  groAvn  in  this  way  for  about  twenty  days  they  become 
less  virulent,  or  as  t  is  termed,  the  virus  is  attenuated.  In  this  state  if 
inoculated  on  a  sheep  they  give  rise  to  a  modified  form  of  splenic  fever 
which  is  not  fatal,  and  Pasteur  affirms  that  after  recovery  from  this  the 
animal  may  be  inoculated  with  the  most  intense  virus  with  impunity.  The 
analogy  between  this  process  and  vaccination  gave  a  peculiar  interest  to 
Pasteur's  observations,  and  numerous  observers  have  repeated  his  experiments 
with  the  result  of  generally  confirming  his  statements  that  the  virus  may  be 
attenuated  by  various  means,  and  that  if  inoculated  in  this  form  it  produces 
a  power  of  resisting  the  infection  of  splenic  fever,  lasting  for  from  nme 
months  to  a  year.  The  attenuation  of  the  virus  may  be  brought  about  m 
various  ways.  Thus  Klein  states  that  the  blood  of  a  sheep  dead  of  anthrax 
will  invariably  cause  death  if  inoculated  on  a  sheep,  but  if  the  disease  be 
communicated  to  a  white  mouse  the  blood  of  that  animal,  although  teemmg 
with  bacilH,  only  causes  a  transitory  illness  in  a  sheep,  and  leaves  it,  for  a 
time,  protected  'against  the  virulent  form  of  the  disease.  Klein  has  also 
shown  that  the  virus  may  be  attenuated  by  being  acted  on  by  veiy  dilute 
solutions  of  perchloride  of  mercury,  and  that  if  inoculated  in  this  form  on 
sheep  it  will  produce  a  modified  form  of  the  disease  which  will  protect  them 
from  virulent  anthrax.  It  has  also  been  shown  by  J.  T.  Cash  that  the  rabbit, 
which  is  an  animal  verv  easily  infected  with  anthrax,  may  l)e  protected  from 
the  action  of  the  most  intense  virus  by  preparing  it  for  some  days  before 
by  the  hypodermic  administration  of  perchloride  of  mercury  m  as  large  doses 

as  it  can  bear.  . 

It  is  needless  to  ])(.int  out  the  important  bearing  of  these;  observations 
upon  numerous  questions  of  pathology  and  therapeutics,  such  as  "if-^ction 
in  general,  vaccination,  modification  of  diseases  by  passing  through  dilterenb 
animals,  changes  in  form  of  micro-organisms  according  to  the  meauiui  in 


GLANDERS. 


379 


which  they  are  grown,  disinfection,  antiseptics,  and  the  influence  of  mercury 
on  infective  processes,  &.c.  Tlie  whole  subject  of  anthrax  and  the  bacillus 
anthracis  is  one  that  will  well  repay  the  time  spent  in  a  thorough  study 
of  it.  It  is  impossible  to  give  here  more  than  a  passing  allusion  to  the 
work  that  has  been  done. 

The  Treatment  of  malignant  pustule  must  be  energetic  and  active  ;  no 
half  measures  are  likely  to  be  successful.  The  whole  indurated  area  of  the 
skin  should  be  removed  with  the  knife,  and  to  the  raw  surface  thus  left  some 
powerful  antiseptic  should  be  applied  ;  perhaps  the  best  would  be  a  strong- 
solution  of  iodine,  which  has  l)een  shown  by  Koch  to  be  capable  of  destroying 
even  the  spores  of  the  bacillus. 

In  London,  malignant  pustule  has  been  most  frequently  seen  at  Guy's 
Hospital,  as  the  chief  part  of  the  hide  trade  is  carried  on  in  the  neighbour- 
hood of  that  institution ;  during  a  period  of  ten  years  seventeen  cases 
came  under  the  care  of  the  Surgeons.  The  treatment  by  excision  was 
employed  in  fifteen  cases,  and  of  these  all  but  two  recovered.  The  favourite 
application  after  excision  was  chloride  of  zinc,  either  in  a  strong  solution 
or  as  a  paste.  Davies-Colley,  who  reported  these  cases  in  the  Transactions 
of  the  Medico-Chirurgical  Society  for  1882,  states  that  "  it  is  very  important  to 
remember  that,  even  after  the  swelling  has  extended  to  a  considerable  distance, 
and  the  adjacent  glands  have  been  aflFected,  and  after  well-marked  symptoms 
of  blood-poisoning  have  developed  themselves,  the  patient  may  be  restored  to 
health  by  the  removal  of  the  indurated  area  of  skin  Avhicli  was  primarily 
attacked." 

GLANDEBS. 

(xlanders  is  a  virulent  disease,  communicable  by  contagion  to  man  from  the 
horse,  ass,  or  mule.  In  spite  of  the  intense  contagiousness  of  the  disease  and 
the  frequency  with  which  it  occurs  among  animals  of  the  equine  species,  it  is 
rarely  met  with  in  man. 

The  poison  of  glanders  gives  rise  to  two  forms  of  disease  in  the  horse,  one 
known  as  gtanders  proper  and  the  other  d>&  farcy. 

Glanders  in  the  Horse  almost  invariably  runs  a  chronic  com*se.  The 
first  symptom  is  a  thin  watery  discharge  from  the  nose,  which,  as  the  disease 
progresses,  becomes  viscid  and  tenacious  :  lastly,  it  becomes  purulent,  offen- 
sive, and  mixed  with  blood.  The  inflammation  extends  through  the  whole 
nasal  cavity  and  frontal  sinuses,  and  is  accompanied  by  ulceration.  There  is 
also  marked  swelling  of  the  lymphatic  glands  under  the  jaw.  The  disease 
may  exist  for  some  time  without  seriously  impairing  the  health  of  the  animal, 
but  gradually  loss  of  appetite  and  strength,  emaciation,  and  cough  set  in,  and 
death  takes  place  from  exliaustion.  Before  death  the  disease  always  becomes 
complicated  by  the  second  form  or  farcy. 

Parcy  is  characterized  by  swelling  of  the  lymphatic  glands  in  various 
parts  of  the  body,  especially  on  the  inside  of  the  thighs,  and  under  the 
fore  leg.  The  lyn^phatic  vessels  leading  to  and  from  tlie  glands  become 
mflamed,  forming  hard,  tender  cords  with  swellings  opposite  the  valves. 
These  form  the  "corded  veins"  and  "  forcy-buds  "  of  the  farriers.  The 
swellings  opposite  the  valves  enlarge  and  become  adherent  to  the  skin,  and 
finally  ulcerate,  forming  foul  sores.    The  disease  may  at  any  time  become 
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complicated  with  acute  gliiiRk'rs.  Acute  glanders  is  merely  a  great  exa^^gera- 
tlon  of  all  the  symptoms  with  high  fever,  hurried  respiratiou,  and  cough. 

The  post-mo7'te77i  appearances  of  glanders  in  the  horse  ai-e  a  dark  redness 
and  swelling  of  the  pituitary  membrane,  with  numerous  small  wliite  elevations 
and  patches,  softening  in  the  centre  so  as  to  form  ulcers.  A  similar  condition 
extends  to  the  mucous  membrane  of  the  bronchi.  In  the  lungs  are  numerous 
consolidated  patches,  varying  in  size  from  a  millet-seed  upwards,  opaque  yellow 
in  colour,  and  softening  in  the  centre,  sometimes  having  the  appearance  of 
minute  abscesses.  With  these  may  be  patches  of  pneumonia.  Gamgee 
describes  as  occasionally  present  in  tiie  lungs  large  masses  of  a  bluish-white 
colour  and  lardaceous  appearance,  sometimes  as  big  as  a  hen's  egg.  Sub- 
serous petcchifE  are  common. 

Glanders  and  Farcy  in  Man  usually  occur  together  and  run  an  acute 
course,  although  occasionally  they  may  become  chronic.    The  disease  is 
always  communicated  by  inoculation,  usually  into  a  scratch  or  other  wound  : 
but  cases  have  been  recorded  in  which  it  seemed  to  have  been  communicated 
through  unbroken  mucous  membrane.    The  inoculation  is  followed  by  a 
period  of  incubation,  which  is  said  to  vary  from  two  days  to  two  weeks. 
The  invasion  is  marked  by  fever  and  a  great  sense  of  ilhiess.    There  may 
be  rigors,  vomiting,  and  diarrhoea.    In  some  cases  there  have  been  such 
severe  pains  in  the  limbs  that  the  disease  has  been  mistaken  for  rheuma- 
tism.   The  seat  of  inoculation  becomes  inflamed,  and  the  nearest  lymphatic 
glands  become  enlarged  and  tender.    Inflamed  lymphatic  vessels,  with  hard 
knots  opposite  the  valves,  may  also  be  present.    At  a  period  after  invasion 
varying  from  two  days  to  a  week  or  more,  a  characteristic  eru])tion  makes  its 
appearance.    This  consists  at  first  of  red  spots  like  flea-bites,  which  soon 
assume  the  form  of  elevated  yellowish  tubercles  situated  in  the  structure  of 
the  true  skin  or  immediately  beneath  it.    From  their  shot-like  feel  they  may 
at  first  resemble  the  early  stage  of  small -pox  pustules,  but  they  are  not 
umbilicated  and  are  more  deeply  situated,  as  shown  by  Boyd.    They  soon 
soften,  forming  minute  abscesses  in  the  cutis  vera,  the  contents  of  which  are 
at  first  hEemorrhagic.     They  then  burst,  leaving  small  yellowish  ulcers 
discharging  a  thin  purulent  fluid.    Together  with  these  there  may  be  also  a 
vesicular  eruption.    There  soon  sets  in  an  olfensive  discharge  from  the  nose, 
at  first  watery,  but  afterwards  puriform,  and  the  lymphatic  glands  under  the 
jaw  enlarge.    Finally,  subcutaneous  abscesses  form  in  various  parts,  which 
may  be  accompanied  by  haemorrhages  into  the  muscles  and  intermuscular 
tissue ;  pneumonia  or  pleurisy  may  occur  before  death.  Abscesses  may  be  found 
in  internal  organs,  as  the  liver  or  lungs.    The  final  stages  resemble  pyaemia 
in  many  respects.    Throughout  the  case  the  constitutional  symptoms  arc  of 
the  gravest  kind.    There  are  great  depression,  high  fever,  delirium,  and  rapid 
emaciation.    In  some  exceptional  cases  the  disease  may  run  a  very  chronic 
course. 

Diagnosis. — The  disease  may  resemble  rheumatism  before  the  eruption 
appears,  but  the  appearance  of  the  latter  soon  clears  iip  the  case.  The  cruptiou, 
as  before  stated,  somewhat  resemljles  that  of  small-pox,  but  the  general  symjitoms 
of  this  disease  are  wanting.  The  history  of  the  association  of  the  patient  witli 
glandered  horses  is  an  important  clement  in  the  diagnosis. 

Pathology.— The  post-mortem  appearances  are  much  the  same  as  those 
obserx  ed  in  the  horse.    There  are  the  usual  signs  of  grave  blood-poisonmg— 
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early  decomposition,  excessive  Wood-staiiiing  of  the  vessels  and  tissues,  and 
subserous  petechite.  Scattered  points  of  suppuration  are  found  throughout 
the  body,  and  sometimes  extensive  hsemorrhage  into  tlie  muscles.  The  lungs 
are  usually  more  or  less  consolidated  from  pneumonia,  and  contain  yellow 
nodules,  softening  in  the  centre,  like  the  so-called  pytemic  abscesses. 

In  1882  Schtiltz  and  Loffler,  two  of  the  assistants  in  Koch's  laboratorv  in 
Berlin,  discovered  the  presence  of  a  bacillus  of  a  definite  form  in  all  the  parts 
affected  with  the  specific  processes  of  glanders.  This  bacillus  was  cultivated 
for  four  generations  out  of  the  body  in  the  scrum  of  horse's  blood  and  finally 
inoculated  on  two  healthy  liorses.  Both  animals  speedily  died  with  all  the 
symptoms  of  glanders.  The  bacillus  is  very  small,  about  the  size  of  that  of 
tubercle.  Further  observations  have  conclusively  proved  that  it  is  the  actual 
virus  of  the  disease,  as  the  bacillus  anthracis  is  of  anthrax. 

Duration.^ — ^The  disease  proves  fatal  usually  in  a  week  or  fortnight,  but 
may  extend  to  a  month.  It  occasionally  assumes  a  chronic  form  in  the  human 
subject  and  lasts  for  several  months. 

Prognosis. — If  the  disease  assumes  the  acute  form  death  is  almost  certain 
to  follow.  When  it  becomes  more  chronic,  according  to  Durham,  about  one 
half  of  the  cases  recover. 

Treatment. — Beyoud  the  general  treatment  of  supporting  the  patient,, 
opening  the  abscesses,  and  freely  using  antiseptics  both  for  the  nose  and  the- 
local  sores  elsewhere  little  can  be  done.  Those  who  have  care  of  the  case 
must  protect  their  hands  by  india-rubber  gloves,  if  possible,  while  dressing" 
the  sores  ;  aud  all  dressings  or  rags  which  have  become  soiled  with  the 
discharges  must  be  immediately  burned. 

WOUNDS  WITH  INOCUIiATION  OF  DECOMPOSING  ANIMAL   MATTER,     AND  THE 
PRODUCT  OP  UNHEALTHY  INFLAMMATIONS. 

The  majority  of  wounds  of  this  character  are  not  dangerous.  Every  student 
of  anatomy  frequently  cuts  himself  in  dissecting,  but  we  rarely  see  any  ill 
effects  from  these  injuries.  In  some  cases,  however,  the  most  serious  results, 
terminating  in  permanently  impaired  health,  or  even  in  death,  ensue.  The 
result  depends  quite  as  much  on  the  state  of  health  of  the  person  injured, 
as  on  the  condition  of  the  body  from  which  the  poison  is  received.  If 
the  health  be  broken  by  any  cause,  whethei-  excess  of  study  or  dissipation , 
or  over-fatigue  in  professional  work,  very  serious  effects  may  follow,  which 
would  not  occur  if  the  ])atient  had  the  resisting  power  of  a  sound  and  strong 
constitution.  Many  persons  are  peculiarly  liable  to  be  injuriously  affected  by- 
exposure  to  septic  influences.  They  suffer  in  various  ways,  such  as  depression 
of  the  nervous  system,  sore  throat,  or  diarrhoea — from  working  in  dissecting- 
or  post-mortem  rooms.  The  same  thing  happens  from  exposure  to  the  con- 
taminated atmosphere  of  a  crowded  hospital  ward,  and  more  especially  to  the- 
exhalations  arising  from  patients  affected  with  phlegmonous  erysi]ielas,  pyaimia, 
gangi-ene,  or  other  septic  diseases.  The  susceptibility  is  greatest  in  those  least 
frequently  exposed  to  such  infections.  After  a  time  a  student  becomes 
acclimatized,  and  those  who  liabitually  work  in  such  an  atmos])here  seem  to 
feel  the  evil  influen(;e  lea.st.    If,  for  a  time,  the  hal)it  is  broken,  they  suffer 
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on  resuming  their  work  as  much  as  those  exp(jsed  for  the  lirst  time.  A 
person  so  suffering  in  health  is  rendered  peculiarly  liable  to  local  or  general 
infection  on  the  receipt  of  a  dissection-wound. 

Causes. — The  deleterious  influence  exercised  by  the  dead  body,  human  or 
brute,  may  be  attributed  to  three  different  causes  :  1 ,  the  ordinary  Irritation 
of  the  Wound  ;  2,  Inoculation  of  Putrid  Matter  ;  oi',  3,  lutroduction  of  a 
Specific  Septic  Virus  into  the  system.  I  think  it  probable  that  each  of  these 
causes  may  exercise  a  distinct  influence  ;  but  the  worst  efiPects  of  dissection- 
wounds  are  dependent  on  the  inoculation  of  a  specific  virus. 

1.  That  ill  eflPects  sometimes  result  from  the  simple  Irritation  of  the 
Puncture,  is  evident  from  the  fact  that  mere  scratches  or  punctures  with 
splinters  of  wood,  or  other  substances  free  from  an  actual  poison,  give  rise  to 
considerable  local  disturbance  in  certain  states  of  the  constitution  ;  so,  also, 
those  operation-  and  dissection-wounds  which  are  ragged  and  torn,  such  as  are 
made  by  spicula  of  bone  or  the  teeth  of  a  saw,  are  peculiarly  troublesome. 

2.  Putrid  Animal  Matter  is  always  irritating,  but,  as  has  before  been 
pointed  out,  putrefaction  cannot  attack  living  tissues,  and  the  effect  produced 
is  consequently  limited  to  the  local  irritation  caused  by  the  chemical  products 
■of  the  process.  A  small  puncture,  which  if  made  with  a  clean  knife,  would 
heal  by  the  first  intention,  may,  if  exposed  to  the  irritation  of  putrid  animal 
matter,  inflame  and  suppurate,  forming  a  small  ulcer  ;  but,  miless  the  general 
health  be  seriously  impaired,  no  further  trouble  is  likely  to  occm-. 

3.  The  worst  forms  of  post-mortem  wounds  arise  from  the  inoculation  of  the 
Specific  Virus  of  some  infective  inflammation,  such  as  erysipelas,  pyaemia, 
•and  septicEemia,  and  more  especially  from  punctures  received  in  examining  the 
bodies  of  those  who  have  died  of  diffuse  peritonitis  following  parturition  or 
the  operation  for  hernia.  The  ^'irus  is  contained  in  the  exudation  fluids  from 
the  unhealthy  inflammation,  and  its  nature  has  already  been  alluded  to  when 
discussing  the  causes  of  inflammation.  The  fluids  capable  of  causing  these 
■serious  poisoned  wounds  invariably  contain  microscopic  organisms — usually 
micrococci,  occasionally  bacilli  ;  and  it  is  generally  recognized  that  these 
form  the  actual  virus.  The  diminution  of  the  intensity  of  the  poison  when 
putrefaction  sets  in  is  supposed  to  be  due  to  altered  conditions  after  death, 
which  are  more  favourable  to  the  development  of  the  ordinary  bacteria  of 
putrefaction  and  less  favourable  to  the  growth  of  the  specific  organisms 
which  consequently  perish.  However  it  is  to  be  exjilained,  the  fact  is 
undoubted'that  the  gi-eatest  danger  exists  before  putrefaction  sets  in.  A  few 
liours  after  death,  whilst  apparently  still  quite  fresh,  the  body  is  in  the 
highest  degree  infective  and  dangerous  ;  advanced  putrefaction  lessens  the 
danger.  Of  all  post-mortem  poisons,  that  which  is  present  in  the  acrid  fluid 
fining  the  cavity  of  the  abdomen  in  septic  peritonitis,  wliether  following 
parturition  or  operations,  is  l)y  far  the  most  noxious.  I  believe  it  to  be 
impossible  to  immerse  the  hand  in  it  with  impunity  if  there  should  happen  to 
be  a  scratch,  puncture,  or  abraded  surface  of  any  kind  on  it.  Inoculation 
would  under  such  circumstances,  he  followed  by  diflFuse  inflammation  to  a 
■greater  or  less  extent.  It  is  not,  however,  always  necessary  for  jwst-mortom 
fnfection,  that  there  be  an  abraded  or  broken  surface.  It  may  take  place 
through  the  unbroken  cuticle  ;  and  not  unfrcquontly  it  is  through  the  metlinm 
of  the  hair-follicles  that  the  septic  ]ioison  enters.  In  the  graphic  account 
-^iven  by  Sir  James  Paget  of  his  own  case,  the  poison  is  stated  to  have  been 
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absorbed  tlivongli  the  unbroken  cuticle  of  the  hand  imiuersed  in  pyfEinic 
effusion  into  the  pleiu'a.  I  have  known  poisoning  through  the  hair-foUicles 
of  the  back  of  the  hand  to  happen  to  another  very  distinguished  member  of 
our  profession.  In  other  cases,  again,  infection  appears  to  have  taken  place 
by  absorption  from  under  the  semilunar  fold  of  skin  at  the  base  of  the  nail. 
That  the  poisonous  influence  from  the  bodies  of  persons  who  have  died  of 
septic  diseases  is  transmissible  to  others  by  contact  or  infection,  cannot  be 
denied  ;  and  accoucheurs  and  operating  Surgeons  should  abstain  as  carefully 
as  possible  from  performing  j^osi-mor/'m  examinations  on  patients  dying  from 
such  diseases,  lest  the  poison  be  carried  to  and  excite  similar  morbid  processes 
in  their  patients.  Much  of  the  septic  disease  that  used  formerly  to  prevail 
in  hospitals  was  engendered  in  this  way,  and  infective  disease  has  often  thus 
been  carried  out  of  hospitals  and  communicated  to  private  patients  by  Surgeons 
neglecting  hygienic  precautions. 

Symptoms. — From  what  has  been  stated  above,  it  would  appear  that  there 
are  two  distinct  kinds  of  mischief  resulting  from  dissection-wounds.  First, 
the  purely  local  form,  proceeding  from  the  irritation  of  putrid  matter  acting 
"on  the  unbroken  skin,  or  on  a  scratch  or  wound,  and,  secondly,  the  true 
infective  form,  spreading  widely  from  the  point  of  inoculation. 

Of  the  purely  local  affections,  the  most  common  is  the  small  pustule  so  often 
met  with  in  the  dissecting  room.  About  twelve  to  twenty-four  hours  after 
inoculation  the  j)unctured  part  becomes  painful,  hot,  and  throbbing  ;  at  the 
end  of  about  forty-eight  hours  a  small  drop  of  pus  is  seen  raising  the  cuticle. 
If  this  be  pmictured,  a  small  superficial  sore  is  seen  beneath,  and  the  pain  is 
at  once  relieved.  If  the  sore  be  now  properly  dressed  it  heals  without  trouble, 
but  if  not,  a  small  scab  forms,  the  pus  accumulates  beneath  it,  the  pain  and 
throbbing  return,  and  are  again  relieved  by  removing  the  scab.  This  may 
be  repeated  several  tiines.  There  is  neither  glandular  swelling  nor  consti- 
tutional disturbance. 

Suppuration  in  the  hair-follicles  and  the  formation  of  boils  is  an  occasional 
result  of  the  action  of  putrid  fluids  on  the  unbroken  skin  of  the  hands. 

A  somewhat  rare  affection  resulting  from  the  frequent  and  prolonged  contact 
with  putrid  matter  is  the  so-called  disseclmg-porler's  ivart  or  anafomica] 
tubercle.  It  is  always  seated  on  the  knuckles  or  back  of  the  hand.  It 
consists  of  a  warty  thickening  of  the  skin  without  ulceration.  The  surface 
may  be  moist,  and  the  discharge  if  allowed  to  dry  may  form  crusts  ;  in  other 
cases  it  may  be  scaly  on  the  surface.  The  enlarged  papillfe  are  closely  set, 
and  the  diseased  condition  tends  slowly  to  spread.  In  the  case  of  one  of  the 
dissecting-portcrs  at  University  College  who  suffered  from  this  aflFection,  the 
patch  measm'ed  about  one  inch  and  a  half  in  diameter.  It  was  cauterized 
without  much  effect,  and  was  finally  cured  after  many  months'  treatment  by 
keeping  it  constantly  moist,  so  as  to  prevent  the  formation  of  crusts  on  the 
surface,  and  by  the  prolonged  application  of  equal  parts  of  extract  of  bella- 
donna and  glycerine. 

The  infective  processes  that  arise  from  dissection-wounds  assume  two  forms. 

In  the  milder  form  the  punctiu'ed  part  becomes  painful,  hot,  and  throbbing,  in 
fi'om  twelve  to  twenty-four  hours  after  the  injury;  the  finger  liecomes  red  and 
swollen,  the  lymphatics  of  the  arm  are  perhaps  affected,  and  the  glands  in  the 
axilla  become  enlarged.  There  is  general  febrile  disturl)aiice,  ushered  in  by 
rigors,  a  feeling  of  depression,  and  often  intense  headache  ;  suppuration  takes 
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place  about  tlie  puncture,  and  also,  ])erlia]js,  in  the  inflamed  glands,  the  case 
presenting  the  ovdinary  characters  of  wliitlow  with  inflammation  of  the 
lymphatic  vessels  and  glands. 

In  the  more  severe  form  of  dissection-wound,  the  patient  is  seized,  about 
tweh'e  or  eighteen  hours  after  the  puncture,  with  rigors  and  depression  of  the 
nervous  system  :  the  countenance  becomes  anxious,  the  pulse  quick,  and  there 
is  high  fever.  On  examining  the  finger,  a  jmstule,  or  vesicle,  with  an  inHamcd 
areola,  may  be  observed  in  the  situation  of  the  puncture  ;  from  thi.K  a  few  red 
lines  may  be  seen  extending  up  towards  the  arm-pit,  where  there  may  be  sweUing 
and  tension.  In  the  Avorst  cases,  however,  the  signs  at  the  seat  of  inoculation 
may  be  either  wanting  or  scarcely  recognizable.  Sup]:)uration,  accompanied  Ijy 
much  pain,  takes  place  in  the  pectoral  and  axillary  regions  ;  it  is  usually  diffuse, 
the  pus  being  mixed  with  shreds  and  sloughs.  The  general  symptoms  gradually 
assume  an  asthenic  type  :  the  tongue  becomes  brown,  sordes  accumulate  about 
the  lips  and  gums,  low  delirium  sets  in  with  a  rapid  feeble  pulse,  and  death 
occurs  in  from  ten  days  to  three  weeks.  When  incisions  are  made  into  the 
brawny  tissue,  it  is  found  to  be  infiltrated  with  thin  pus,  and  in  a  sloughy 
state.  If  the  patient  hve,  large  circumscribed  abscesses  form  under  the  pectoral 
muscles,  in  the  axilla,  and  above  the  clavicle,  accompanied  by  much  exhaustion 
and  depression  of  the  system.  The  convalescence  is  tedious  and  prolonged, 
and  the  constitution  is  often  shattered  for  life. 

In  other  cases  a  diifuse  inflammation,  identical  in  all  its  characters  with  the 
so-called  phlegmonous  or  cellular  erysipelas,  spreads  directly  from  the  seat  of 
inoculation.  That  this  form  of  dissection-wound  is  of  a  truly  specific  characteiv 
is  evident  from  the  fact  that  patients  labouring  under  it  may  communicate 
fatal  erysipelas  to  their  nurses  and  attendants  ;  as  happened  in  the  case  of  the 
late  J.  P.  Potter,  of  University  College  Hospital,  whose  early  death  was 
much  to  be  lamented.  It  is  this  kind  of  dissection-wound  that  is  especially 
apt  to  occm-  after  infection  from  patients  who  have  died  of  diffuse  inflam- 
mation of  the  serous  membranes. 

Sometimes  the  intensity  of  the  spreading  inflammation  is  such  that  it 
terminates  rapidly  in  gangrene  of  the  affected  part,  and  the  disease  then 
resembles  in  most  of  its  features  genuine  spreading  or  traumatic  gangi-eue.  A 
case  of  this  kind  occurred  in  a  nurse  under  the  care  of  Christopher  Heath  in 
University  College  Hospital  in  1880.  It  resulted  from  the  prick  of  a  pin 
received  in  laying  out  the  body  of  a  lady  who  had  died  of  puerperal  fever. 
The  patient's  life  was  saved  only  by  amputation  at  the  shoulder-joint  on  the 
sixth  day  after  the  accident.  In  this  case,  as  is  usual  in  this  form  of  disea.se. 
there  Avas  no  enlargement  of  the  lymphatic  glands  in  the  axilla. 

The  symptoms  produced  by  contact,  independently  of  any  wound,  with  the 
bodies  of  persons  who  have  died  of  erysipelatous  diseases  or  pyaamia.  some- 
times vary,  though  still  referable  to  the  introduction  of  a  poison.  Thus  I 
have  known  a  body  to  infect  seriously  in  different  Avays  six  students  who  were 
working  at  it.  Two  had  suppuration  of  the  areolar  tissue  under  the  pectorals 
and  in  the  axilla  :  one  was  seized  with  a  kind  of  maniacal  delirium  :  a  fourth 
had  typhoid  fever  :  and  the  remaining  two  were  seriously,  though  not  danger- 
ously, indisposed. 

Treatmknt.— On  the  receipt  of  a  puncture  in  dissection  or  in  making  a 
post-moriem  examination,  the  best  mode  to  prevent  injurious  consequences  is- 
to  tie  a  string  tightly  round  the  finger  above  the  injiny,  thus  causing  the 
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bl(X)(l  to  flow,  iiiid  perhaps  to  (iariy  out  the  virus  with  it.  The  part  should 
fcheu  be  well  washed  in  a  stream  of  cold  water  at  a  tap,  or  better  still  in  a 
solution  of  carbolic  acid  (1  to  20  of  water),  or  of  perchloride  of  mercury  (1  in 
500),  and  sucked  for  some  minutes  ;  in  this  way  any  poisonous  matter  that 
has  been  introduced  may  usually  be  got  rid  of.  It  is  better  not  to  apply 
nitrate  of  silver  ;  it  irritates  the  finger,  and  fails  to  penetrate  to  the  deep  parts 
of  the  puncture.  Dissectors  should  bear  in  mind  that  the  state  of  the  consti- 
tution exercises  great  influence  upon  the  effects  of  the  puncture  ;  and  that  in 
proportion  as  the  health  is  sound  and  the  body  not  exhausted  by  over-fatigue, 
there  is  less  likelihood  of  any  injurious  consequences  ensuing.  ^ 

In  the  slighter  forms  of  dissection- wound,  attended  by  a^moderate  amount 
of  inflammation,  the  whole  finger  should  be  thickly  painted  with  extract  of 
.  belladonna  diluted  with  an  equal  quantity  of  glycerine  ;  this  should  be  covered 
with  cotton-wool,  or  witli  warm  fomentations  of  boracic  acid  lint,  while  the 
hand  should  be  elevated  and  kept  at  absolute  rest  in  a  sling  or  in  a  splint.  If 
the  lymphatics  become  inflamed,  the  belladonna  and  glycerine  should  be  thickly 
painted  along  their  course,  and  the  arm  enveloped  in  cotton-wool. 

The  general  treatment  of  clearing  out  the  bowels  with  a  free  purge,  followed 
by  moderate  stimulation,  must  be  adopted  in  the  early  stage  ;  but  tonics  and 
strong  support  will  soon  be  required,  and,  if  there  be  much  constitutional 
irritation,  opiates  may  advantageously  be  administered. 

The  treatment  of  the  mure  severe  forms  of  dissection-injury  consists  princi- 
pal y  m  the  application  of  glycerine  and  belladonna  with  hot  fomentations  in  the 
early  stages,  followed  by  early  and  very  free  incisions  into  the  finger,  axiUa  or 
pectora  region,  or  wherever  else  the  part  may  become  tense  and  brawny.  These 
should  be  made,  if  there  is  much  tension,  even  though  matter  have  not  already 
formed,  with  a  view  of  preventing  suppuration.  Should  abscesses  form,  they  must 
be  opened  early.    All  incisions  should  be  made  with  antiseptic  precautions,  and 
fcroHted  afterwards  by  some  of  the  modes  of  antiseptic  di-essing  already 
described.    Even  when  sloughs  ha^•e  formed,  they  are  not  putrid,  and  the 
patients  danger  will  be  greatly  increased  should  they  be  allowed  to  become  so 
In  the  constitutional  treatment,  our  great  reliance,  after  clearing  out  the  intes- 
tinal canal  by  a  fi-ee  purge,  is  on  the  administration  of  bark,  ammonia,  wine, 
and  brandy,  with  such  fluid  nourishment  as  the  patient  can  take  ;  the  case 
being  treated  as  one  of  the  worst  forms  of  asthenic  inflammation.    If  the 
patient  survive,  he  must  be  sent  as  soon  as  possible  into  the  country,  and 
must  devote  some  months,  perhaps,  to  the  re-establishment  of  his  health, 
llie  punctured  part  often  continues  irritable  for  a  great  length  of  time,  even 
tor  many  years,  remaining  red,  inflamed,  and  desquamating,  pustules  some- 
times appearing  on  it.    This  condition  is  best  remedied  by  the  occasional 
application  of  nitrate  of  silver. 

In  conclusion,  I  cannot  too  strongly  urge  upon  the  dissecting  student  that 
unless  he  take  scrupulous  precautions  as  to  cleanliness  and  disinfection,  he  may 
leadily  contaminate  with  septic  poison  any  patient  whose  wound  he  dresses 
iNo  dissecting  student  or  operating  Surgeon  who  has  examined  a  dead  body 
ought  to  approach  a  patient  who  has  an  open  wound  without  chano-ino-  his 
coat  and  thoroughly  disinfecting  his  hands,  by  washing  them  for  at  least  five 
minutes m  hot  water  and  soap,  and  afterwards  soaking  them  in  some  strono- 

men?^n'    '^-nn;'*"'^      "^"^  '"""'^  (1  ''^  20),  solution  of  perchloride  of 
meicuiy  (l  m  oOO),  or  tincture  of  iodine  and  water  (^ij  to  Oj). 

C  (J 


386 


EFFECTS   OF  HEAT  AND  COLD. 


CHAPTER  XII. 


EFFECTS  OF  HEAT  AND  COLD. 


BURNS    AND  SCALDS. 


A  Burn  is  the  result  of  the  apphcation  of  so  great  a  degree  of  heat  to  the 
body  as  to  produce  either  inflammation  of  the  part  to  which  it  is  apph'ed,  or 
charring  and  complete  disorganization  of  its  tissues.  A  Scald  is  occasioned 
by  the  apphcation  of  some  hot  fluid  to  the  body,  giving  rise  to  the  same 
destructive  effects  as  are  met  with  in  burns,  though  difi'ering  from  them  in  the 

appearances  produced.  «  i  . 

Local  Effects.— Burns  and  scalds  vary  greatly  in  the  degree  of  destruc- 
tion of  tissue  to  which  they  give  rise  ;  this  variation  depending  partly  upon 
the  intensity  of  the  heat,  and  partly  upon  the  duration  of  its  apphcation.  The 
sudden  and  brief  application  of  flame  to  the  surface  produces  but  very  slight 
disorganization  of  the  cuticle,  with  some  hypertemia  of  the  skin.  If  the  part 
be  exposed  for  a  longer  time  to  the  action  of  the  flame,  as  when  a  woman  s 
clothes  take  fire,  the  cutis  itself  may  be  destroyed  ;  and  if  the  heat  be  still 
more  intense,  as  when  molten  metal  falls  upon  the  body,  the  soft  parts  may 
be  deeply  charred,  or  the  whole  thickness  of  a  limb  destroyed.  So,  also  the 
efi-ects  of  scalds  vary  greatly,  not  only  according  to  the  temperature  of  the 
liquid,  but  according  to  its  character  ;  the  more  oleaginous  and  thick  the  fluid, 
the  more  severe,  usually,  will  the  scald  be.  ,        ^      ,  i. 

These  various  results  of  the  application  of  heat  to  the  surface  have  been 
arranged  by  Dupiiytren  into  six  diflerent  degrees.  This  is  not  merely  a 
fanciful  classification  ;  but  is  of  great  practical  importance,  as  the  degree  and 
-character  of  the  resulting  cicatrix  are  dependent  on  the  depth  to  which  the 

burn  penetrates  into  the  tissues.  . 
•  In  the  first  defjree^th^  apphcation  of  heat  has  been  momentary.  It  is 
followed  by  redness  and  pain.  There  is  dilatation  of  the  vessels,  simple 
•hvuerjemia  but  no  destruction  of  tissue  ;  and  consequently  there  is  no  result - 
in-  cicatrix  The  constant  repetition  of  a  burn  of  this  degree  may,  however, 
catise  a  disturbance  of  healthy  nutrition.  Thus  in  old  people  who  sit  con- 
stantly before  the  fire  or  over  charcoal  foot-warmei-s,  the  skui  of  the  legs, 
especially  in  front,  becomes  ])igmented  and  indurated,  as  a  consequence  of  the 
frequently  recurring  hypenmnia  induced  hy  the  heat.  Ulceration  readily 
occurs  from  slight  causes  in  the  damaged  integument. 

In  the  second  degree  the  injury  done  by  the  heat  is  suflic.ent  to  cause  dilata- 
tion of  the  vessels,  retarded  blood-flow,  and  exudation.  The  corneous  layer  ol 
h  cuticle  is  loosened  and  raised  from  the  Malpighian  laym-  by  the  exudation 
L  the  vessels  of  the  inflamed  cutis,  and  tluis  vesicles  or  f^^^^ 
When  these  burst,  the  surface  left  beneath  is  still  completely  coveied  with 
enithelium  Thei  is  no  loss  of  substance  beyond  that  of  the  corneous  layer 
of  the  cuUde.    The  raw  surface  left  may  discharge  a  little  puriform  fluid,  the 
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cells  which  it  contains  being-  partly  young  epithelium  from  the  Malpighian 
layer  and  partly  leucocytes  which  have  wandered  to  the  surface.  Although 
no  cicatrix  results  in  these  cases,  yet  discoloration  of  the  integument  is  often 
left.  If  the  cuticle  be  not  removed,  the  inflammation  speedily  subsides  and  is 
followed  by  desquamation. 

In  the  third  degree,  the  whole  of  the  cuticle  is  destroyed,  with  a  portion  of 
the  true  skin  ;  but  the  cutis  vera  is  not  entirely  destroyed.    This  is  a  most 
important  point,  as  it  materially  influences  the  character  of  the  resulting 
cicatrix.    The  thin  layer  of  the  true  skin  remaining  contains  sweat-glands, 
hair-follicles  and  elastic  tissue — structures  which  are  not  reproduced  if  once 
destroyed.    Moreover,  round  each  hair,  in  the  ducts  of  the  sweat-glands  and 
in  the  hollows  between  the  papillae,  epithelium  is  left  uninjured,  from  which 
new  cells  can  start  growing.    The  tips  of  the  papilla  have  their  epithelium 
completely  destroyed,  and  consequently  become  covered  with  granulation- 
tissue,  so  that  the  whole  surfece  becomes  of  a  vivid  red  tint  and  suppurates  freely. 
It  is,  however,  covered  with  epithelium  with  marvellous  rapidity,  owing  to 
the  innumerable  points  from  which  the  new  cells  start  growing.    It  scarcely 
contracts  in  healing,  and  the  scar  that  results  is  elastic  and  contains  all  the 
elements  of  normal  skin.    Owing  to  the  exposure  of  the  nerve-endings  in  the 
papillte  this  form  of  burn  is  intensely  painful. 

In  the  fourth  degree  there  is  destruction  of  the  skin  through  its  whole 
thickness,  so  that  the  subcutaneous  tissue  is  reached.  The  eschar  separates 
by  ulceration  from  the  surrounding  parts,  and  a  large  granulating  sore  is  left 
which  can  become  covered  by  epithehum  only  from  its  edges.  Consequently 
the  healing  is  slow  and  attended  by  long-continued  suppuration  and  great 
contraction.  The  resulting  cicatrix  is,  therefore,  much  smaller  than  the 
origmal  raw  surface,  and  is  devoid  of  glands,  hair,  and  elastic  tissue  ;  at  first 
It  IS  thin,  red,  or  purplish,  glazed,  often  in  the  form  of  bands  or  bridles,  and 
is  liable  to  occasion  great  deformity  by  the  cohesion  of  parts,  as  of  the  fingers, 
or  by  contraction,  as  at  the  elbow,  and  the  side  of  the  neck  and  face,  or  by 
the  closure  of  apertures,  as  of  the  nostrils. 

Most  severe  burns  reach  the  fourth  degree  in  some  part  at  least  of  their 
extent.  In  practice  it  is  not  easy  to  distinguish  between  the  third  and  fourth 
degrees  until  the  sloughs  begin  to  separate,  but  when  the  skin  is  hard  and 
parchment-like  and  brownish -yellow  in  colour,  the  burn  has  probably  reached 
the  higher  degree. 

In  the ///A  and  sixth  degrees  the  destructive  influence  of  the  burn  penetrates 
to  a  greater  or  less  depth  into  the  muscles,  bones,  or  joints.  In  the  fifth 
degree,  the  more  superficial  muscular  structures  are  implicated  ;  in  the  sixth 
degree  the  whole  thickness  of  the  Kmb  is  destroyed  and  charred. 
_  These  various  degrees  are  usually  found  associated  to  a  greater  or  less  extent; 
indeed,  in  the  more  severe  cases,  the  first  three  or  four  degrees  are  almost 
invariably  met  with  together. 

The  scars  of  burns  have  been  credited  with  some  peculiar  power  of  contrac- 
tion,^ but  there  is  no  reason  to  believe  that  the  granulation-tissue  formed  to 
repair  a  loss  of  tissue  presents  any  differences  correspondinu-  to  the  paiticular 
injury  which  caused  the  mischief.  Burns  are  the  injuries  in  which  the  . largest 
granulating  sores  are  met  with  ;  and,  as  we  have  before  seen,  contraction  is' an 
essential  |)art  of  healing,  and  tlie  amount  is  dii'ectly  proportional  to  the  size  of 
the  sore  and  the  looseness  of  the  parts.    This  process  of  contraction  continues 
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for  many  montliB  after  the  sore  has  become  covered  with  epitheMum,  jjiviuy 
rise  frequently  to  the  most  distressing  deformities,  sometimes  rendering  a  liml) 
completely  useless.  These  cicatrices  are  composed  of  dense  fibrous  tissue,  and 
often  extend  deeply  between  and  mat  together  the  muscles,  vessels,  and  soft 
structures  of  a  limb,  of  the  face,  or  of  the  neck. 

Constitutional  Effects. — When  in  an  ordinary  conflagration  a  person 
is  "  burnt  to  deatli,"  the  fatal  event  is  occasioned  not  by  the  charring  of  the 
body,  but  by  the  induction  of  asphyxia.    Life  is  mercifully  extinguished  by 
suffocation  in  the  smoke  and  noxious  vapours  i-esulting  from  the  fire,  before 
the  body  itself  is  consumed.    To  what  particular  product  of  combustion  the 
asphyxia  is  due,  is  somewhat  uncertain.    There  is  reason  to  believe^  that  in 
most  cases  carbonic  oxide  rather  than  carbonic  acid  is  the  cause  of  suffocation. 
If  the  patient  is  not  killed  outright,  the  constitutional  effects  resulting  from 
burns  are  most  serious  and  important ;  they  depend  not  so  much  upon  the 
depth  of  the  injury  as  upon  its  situation,  the  extent  of  smface  implicated,  and 
the  age  of  the  patient.    Thus  a  person  may  have  his  foot  comijletely  chari-ed 
and  burned  off  by  a  stream  of  molten  iron  running  over  it,  with  far  less 
constitutional  disturbance  and  danger  than  if  the  surface  of  the  trunk  and 
face  be  extensively  scorched  to  the  first  and  second  degrees  ;  burns  about  the 
chest,  the  head,  and  the  face,  being  far  more  likely  to  be  attended  by  serious 
constitutional  mischief  than  similar  injuries  of  the  extremities.    In  children, 
the  system  generally  suffers  more  severely  from  burns  than  m  adults.  The 
fever  that  follows  a  bad  burn  is  probal)ly  due  to  several  causes  combined,  such 
as  the  reaction  after  extreme  primary  depression,  and  the  retention  ui  the 
blood  of  waste  products  in  consequence  of  the  arrest  of  the  cutaneous  secre- 
tion in  the  burnt  parts  ;  but  the  two  chief  causes  are  undoubtedly  the  inflam- 
mation produced  by  the  burn  and  the  absorption  of  the  products  of  putrelac- 
tion  from  the  raw  surface.    Experiment  has  shown  that  the  charred  surface 
resulting  from  a  burn,  so  far  from  presenting  a  barrier  to  the  entrance  of 
septic  matter  into  the  system,  as  is  sometimes  supposed,  is  m  reality  equal  in 
its  power  of  absorption  to  u  raw  surface  made  with  a  knife.    Unless  special 
precautions  are  taken,  therefore,  to  prevent  decomposition  m  the  sloughs,  the 
amount  of  septic  products  absorbed  is  very  large,  and  the  restdting  fever  pr..- 
portionallv  severe. 

T^he  constitutional  disturbance  induced  by  burns,  in  whatever  degree,  may 
be  divided  into  three  stages :  1,  Depression  and  Congestion  ;  Reaction  and 
Inflammation  ;  3,  Suppuration  and  Exhaustion. 

1  The  stao-e  of  Depression  of  the  Nervous  System  and  Congestion 
of  Internal  Organs,  occupies  the  first  forty-eight  hours :  durmg  which  death 
may  occur  Immediately  on  the  receipt  of  a  severe  burn  the  patient  becomes 
cold  and  collapsed,  and  is  seized  with  fits  of  shivering,  which  continue  for  a 
considerable  time.  He  is  sulfering  evidently  from  the  shock  of  the  injury ; 
the  severity  of  the  shivering  is  usually  indicative  of  the  extent  of  the  constitu- 
tional disturbance,  and  is  more  prolonged  in  those  injuries  that  occupy  a  great 
extent  of  surface,  even  though  it  be  burnt  only  to  the  ^^^"^''^  ^^f^':^ 

than  in  those  which,  being  of  more  limited  superficial  extent,  affect  ^^^^l^^J' 
deeply.  In  manv  cases  of  extreme  burn  the  patient  suffers  no  pain  a  thoug^i 
perfectly  conscious.  This  is  a  very  grave  sign  indicating  the  ^^jverest  shoc^^^^ 
On  the  subsidence  of  the  symptoms  of  depression,  there  is  usually  a  pei  o.l  ol 
quiescence  before  reaction  comes  on.    At  this  time  vomiting  is  a  cmmon  and 
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troublesome  symptom,  and  the  patient,  especially  if  a  child,  not  unfrequently 
dies  comatose  ;  death  resulting  from  congestion  of  the  brain  and  its  membranes, 
with,  perhaps,  serous  effusion  into  the  ventricles  or  in  the  sub-arachnoid  space. 
Besides  these  lesions,  the  mucous  membrane  of  the  stomach  and  intestines,  as 
well  as  the  substance  of  the  lungs,  is  usually  found  congested. 

The  pathological  phenomena  of  this  period  are  altogether  of  a  congestive 
character.  Of  15  cases  in  which  the  contents  of  the  cranium  were  examined 
I  found  congestion  of  the  brain  and  its  membranes,  with  serous  eflPusion,  in 
all ;  in  14  of  these  cases  the  thoracic  viscera  were  found  to  be  congested  in  9, 
healthy  in  5  ;  and  of  14  in  which  the  abdominal  organs  were  examined,  con- 
gestion of  the  gastro-intestinal  mucous  membrane  was  found  in  12  cases,  and 
a  liealthy  condition  in  2  only. 

•>.  The  next  stage,  that  of  Reaction  and  Inflammation,  extends  from  the 
second  day  to  the  second  week.  The  action  of  the  lieat  which  causes  the 
burn  is  momentary,  and  produces  its  full  effect  instantaneously.  The  inflam- 
mation which  is  the  direct  result  of  the  heat  sets  in  therefore  at  once,  and  if 
no  other  cause  came  into  play  it  would  be  accurately  limited  to  the  part  acted 
on,  and  begin  to  subside  after  the  first  few  hours.  This  is,  however,  not  the 
case  in  the  majority  of  burns.  By  the  end  of  the  second  day  the  inflammation 
is  still  increasing  in  intensity  and  extent.  The  bm-nt  area  is  surrounded  by  a 
wide-spreading  blush  of  redness ;  sweUing,  heat,  and  pain  become  prominent 
symptoms.  With  these  there  is  fever  proportional  to  the  extent  of  the  burn. 
It  is  important  to  consider,  therefore,  what  is  the  cause  that  not  only  main- 
tains but  extends  the  inflammatory  process  long  after  the  original  cause 
has  ceased  to  exert  any  influence.  In  burns  accompanied  by  death  of  con- 
siderable portions  of  tissue,  the  presence  of  the  dead  matter  no  doubt  gives  rise 
to  some  irritation  in  its  immediate  neighbourhood,  but  the  great  cause  of  the 
inflammation  that  occurs  during  the  first  week  of  a  bad  burn  is  the  decom- 
position of  the  adherent  sloughs,  and  the  fevei-  that  accompanies  the  process  is 
in  great  part  due  to  the  absorption  of  the  chemical  products  of  putrefaction. 
It  is  during  this  period  that  a  large  burn  becomes  so  horribly  offensive  unless 
special  means  are  adopted  to  prevent  it.  Death  during  this  stage  is 
usually  connected  with  some  inflammatory  condition  of  the  gastro-in- 
testinal mucous  membrane  or  of  the  peritoneum.  The  lungs  are  also 
frequently  affected,  showing  marked  evidence  of  pneumonia  or  congestion ; 
but  cerebral  affections  are  slightly  less  common  than  in  the  first  stage; 
though,  when  they  occur,  they  present  more  unequivocal  evidence  of  in- 
flammation. The  following  are  the  results  of  the  posL-mortem  examinations 
which  I  have  made  :— Of  17  cases  in  which  the  contents  of  the  cranium  were 
examined  during  this  period,  there  was  congestion,  with  evidence  of  inflamma- 
tion and  effusion  of  serous  fluid,  generally  stained  with  blood,  in  14  ;  a  healthy 
state  in  the  remaining  3.  Of  19  cases  in  which  the  lungs  were  examined, 
there  was  congestion  of  these  organs,  probably  inflammatory,  in  most  instances  ; 
with  serum  or  lymph  in  the  pleura,  and  redness  of  the  bronchial  mucous  mem- 
brane, in  10.  The  lungs  were  hepatized  in  6,  and  healthy  in  4.  The  abdo- 
minal organs  were  examined  in  22  cases  ;  of  these  there  was  congestion  of  the 
mucous  membrane,  sometimes  with  evidence  of  peritonitis,  in  11 ;  ulceration 
of  the  duodenum  in  6  ;  a  healthy  state  in  5.  'I'he  post-mortem  appearances 
are,  in  fact,  those  of  acute  septic  poisoning,  possibly  complicated  in  some  cases 
by  a  genuine  infective  process. 
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It  is  in  this  stage  of  l)urn,  that  the  very  remarkable  and  serious  sequela, 
perforating  Ulcer  of  the  Duodenum,  is  especially  apt  to  occur.  Atten- 
tion was  first  directed  to  it  by  Curling,  who  suggested  that  the  ulceration 
commenced  in  Brtinner's  glands.    It  is  far  Jiioi-e  probable  that  it  is  due  to 
the  acid  contents  of  the  intestine  acting  on  a  point  in  the  mucous  membram- 
in  which  a  capillary  embolism  has  lodged.    In  favour  of  this  Aiew  are  tin- 
following  facts  :  first,  the  ulcer  occurs  most  frequently  at  that  period  of  tin/ 
case  in  which  the  patient  is  suffering  from  the  absorption  of  septic  matter 
from  the  sloughs  in  the  skin,  a  condition  in  which  capillary  embolism  is  of 
common  occm-rence  ;  secondly,  it  is  met  with  only  in  the  first  part  of  the 
duodenum  near  the  pylorus  before  the  contents  of  the  bowel  have  been 
neutrahzed  by  the  bile  ;  thirdly,  signs  of  active  inflammation  are  usually 
wanting  in  the  mucous  membrane  surrounding  the  ulcer ;  and  lastly,  a 
simdar  ulceration  has  been  recorded  as  occurring  in  a  case  of  septicaamia 
not  due  to  burn.    The  ulcer  may  rapidly  proceed  to  perforation,  exposing 
the  pancreas  and  possibly  eroding  the  superior  pancreatico-duodenal  artery 
and  causing  fatal  hasmorrhage.    In  other  cases  it  may  open  into  the  serous 
cavity  of  the  abdomen  and  cause  death  from  peritonitis.    Ulceration  of  the 
duodenum  is  met  with  most  frequently  in  patients  under  ten  years  of  age,  but 
as  extensive  burns  are  most  common  in  children,  it  may  not  be  proportionally 
more  fi-equent  in  them  than  in  adults.    It  usually  comes  on  about  the  tenth 
day  after  the  burn,  seldom  earlier,  but  Csesar  Hawkins  met  with  it  once  in  a 
child  six  years  old,  who  died  four  and  a  half  days  after  the  accident ;  and  in  a 
child  nine  years  of  age,  who  died  on  the  fourth  day  after  the  burn,  in 
University  College  Hospital,  I  found  an  ulcer  in  the  duodenum  about  the  size 
of  a  shilling,  with  sharp-cut  margins.    In  this  case  the  mucous  membrane 
generally  was  inflamed.    That  these  ulcers  are  not  invariably  fatal,  is  evident 
from  a  case  mentioned  by  Curling,  in  which,  on  death  occmiing  from  other 
causes,  eight  weeks  after  the  injury,  a  recent  cicatrix  was  found  in  the 
duodenum.     Ulcer  of  the  duodenum  seldom  occasions  any  veiy  marked 
symptoms  to  indicate  the  nature  of  the  mischief  ;  the  patient  generally  sinks 
suddenly.    In  some  instances  there  is  haemorrhage  ;  though  this  is  not  an 
unequivocal  sign,  as  I  have  several  times  seen  it  happen  from  simple  inflam- 
matory congestion  of  the  mtestinal  mucous  membrane.    Pain  in  the  right 
hypochondriac  region,  and  perhaps  vomiting,  may  also  occur. 

3.  The  stage  of  Suppuration  and  Exhaustion  continues  from  the  second 
week  to  the  close  of  the  case.  In  it  we  frequently  have  symptoms  of  hectic, 
with  much  constitutional  disturbance  from  the  long  continuance  of  exhaustmg 
discharges.  If  death  occur,  it  is  most  frequently  induced  by  inflammation  of 
the  lungs  or  pleura  ;  affections  of  the  abdominal  organs  and  brain  being  less 
frequent  during  this  stage  of  the  injmy.    Pyemia  is  not  uncommon. 

Of  7  cases  in  which  the  lungs  were  examined,  they  were  found  to  be  healthy 
in  one  only  ;  being  hepatized,  with  effusion  into  the  pleura3,in  the  remaining  (» 
cases.  Of  7  cases  in  which  the  abdominal  organs  were  examined,  a  healtliy 
state  was  found  in  4  ;  inflammatory  congestion  in  2  ;  and  a  cicatrized  ulcer  m 
the  stomach  in  ].  Of  5  of  the  cases  the  cerebral  contents  were  found  healtny 
in  1  only  ;  there  being  inflammatory  congestion  in  the  other  4. 

Prognosis.— The  influence  of  extent,  degree,  and  situation,  on  the  prognosis 
of  burns,  has  already  been  stated.  The  most  fatal  element  m  these  injuries 
is  superjlcial  extent.    It  is  generally  believed  by  Surgeons  that  recoAeiy 
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cannot  take  place  if  one-third  of  the  surface  of  the  body  be  scorched  or  biimt. 
Not  only  are  the  cutaneous  nerves  greatly  irritated,  and  the  nervous  system 
generally  severely  affected  from  the  shock  of  an  extensive  burn;  but, 
owing  to  the  arrest  of  the  cutaneous  secretion  over  a  large  surface  of  the  s^kin, 
congestion  of  the  internal  organs  and  of  the  mucous  membranes  ensues  ;  hence 
death  may  happen  directly  from  this  cause,  or  from  the  supervention  of  in- 
flammation in  the  already  congested  parts,  more  particularly  in  the  early 
periods  of  life.  The  degree  of  burn  influences  the  prognosis  unfavom-ably 
rather  so  far  as  the  part  itself  is  concerned,  than  as  the  general  system  is 
affected.  The  most  fatal  j^erwr/  in  cases  of  burn  is  the  first  week  after  the 
accident.  I  find  that,  in  60  cases  of  death  from  these  accidents,  33  proved 
fatal  before  the  eighth  day  ;  27  of  these  dying  before  the  fourth  day.  Of  the 
remaining  ]  7  cases,  8  died  in  the  second  week,  2  in  the  third,  2  in  the  fourth, 
4  in  the  fifth,  and  1  in  the  sixth. 

Tebatment. — The  treatment  of  burns  must  have  reference  to  the  constitu- 
tional condition,  as  well  as  to  the  local  injury.  A  vast  variety  of  local  appli- 
cations have  been  recommended  by  different  Surgeons,  such  as  flour,  starch, 
cotton-wadding,  treacle,  white  paint,  gum,  solution  of  india-rubber,  &c.  ;  the 
principle  of  all  these  applications  is,  however,  the  same,  viz.,  the  protection  of 
the  burnt  surface  from  the  air.  I  shall  here  content  myself  with  describing 
the  methods  that  are  usually  followed  with  much  success  at  the  University 
College  Hospital. 

The  Constitutional  Treatment  is  of  the  utmost  consequence.  We  have 
seen  how  death  occurs  at  various  periods  after  these  accidents  from  different 
causes,  and  we  must  modify  our  treatment  accoixlingly.  The  first  thing  to  be 
done  after  the  infliction  of  a  severe  burn  is  to  bring  about  reaction  ;  the 
patient  is  trembling  in  a  state  of  extreme  depression,  suffering  great  pain,  is 
cold  and  shivering,  and  may  sink  from  the  shock  unless  properly  supported. 
A  full  dose  of  liquor  opii,  varied  according  to  the  age,  should  be  given  at  once 
m  some  warm  brandy-aud- water,  and  repeated,  if  necessary,  in  the  course  of 
an  hour  or  two. 

When  the  body  is  extensively  but  superficially  burnt,  the  immersion  of  the 
patient  in  a  warm  bath  gives  instantaneous  relief,  assuaoing  the  pain  and 
removing  the  depression. 

When  reaction  has  fairly  set  in,  the  patient's  secretions  should  be  kept 
fi-ee  by  the  administration  of  an  occasional  mild  purgative.  Should 
any  mflammatory  symptoms  about  the  head,  chest,  or  abdomen  manifest 
themselves,  it  will  be  necessary  to  have  recourse  to  treatment  appropriate  to 
their  nature.  I  have  certainly  seen  patients  saved  in  these  circumstances  by 
the  employment  of  blood-letting  and  the  appHcation  of  leeches.  But,  in  the 
vast  majority  of  instances,  the  visceral  complications  are  of  a  congestive  type. 
In  such  cases  our  great  reliance  must  be  on  stimulants.  Ammonia  and  bark, 
brandy  and  wine,  require  to  be  ft-eely  given,  with  a  sufiiciency  of  nourishment ; 
and  the  irritability  of  the  nervous  system  must  be  soothed  by  the  frequent 
administration  of  full  doses  of  opium.  At  a  later  period,  when  the  strength 
has  become  impaired  by  the  profuse  discharges,  this  tonic  and  stimulating 
plan  must  be  actively  continued. 

Local  Treatment.— In  all  cases  of  extensive  burn  the  charred  clothes 
I  must  be  removed,  and  the  patient  laid  upon  a  blanket  and  protected  as  far  as 
possible  from  exposure  to  cold.    The  objects  aimed  at  in  the  furtli<ir  treatment 
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are  the  protectiou  of  the  raw  siirlace,  whicli  in  all  degrees  of  burn  below  the 
fourth  is  acutely  sensitive,  the  prevention  of  decomposition,  and  the  exclusion 
of  cold.    In  burns  of  tlie  first  degi-ee  no  treatment  is  necessary  :  when  it  is 
limited  to  the  second  degi-ee  the  blister  may  be  punctured  and  tin;  soruni 
allowed  to  di-nin  away,  but  the  cuticle  should  not  be  removed.    The  whole 
part  may  then  be  wrap])ed  in  cotton-wool  and  left  untouched  for  a  few  dayn. 
by  which  time  it  Avill  have  quite  recovered.     In  the  third  and  succeeding 
degrees  of  burn,  sloughs  have  to  separate  ant!  suppuration  will  take  place,  and 
])reventiou  of  decomposition  consequently  becomes  of  the  first  importance. 
The  extent  of  the  raw  surface,  however,  and  the  readiness  with  which  absorji- 
tion  takes  place  from  it,  render  it  unsafe  to  a])ply  any  antiseptic  possessing 
powerful  toxic  properties,  and  for  this  reason  it  is  better  not  to  use  carbolic  acid 
or  perchloride  of  mercury.  Eoracic  acid,  salicyhc  acid,  and  eucalyptus  oil  are  the 
most  powerful  of  the  non-toxic  antiseptics.    Boracic  acid  may  be  apphed  either 
by  means  of  boracic  lint  soaked  in  a  concentrated  solution  of  the  acid  and  covered 
with  oiled  silk,  or  as  ointment  (p.  194)  spread  on  strips  of  linen.    If  much 
sloughing  is  expected,  the  former  is  the  better  plan  ;  if  little,  the  latter. 
The  dressing  must  be  changed  every  day  after  suppuration  has  commenced. 
This  is  usually  a  very  painful  process,  as  even  the  ointment  adlieres  more  or 
less  to  the  raw  surface.    To  overcome  this  difficulty  and  at  the  same  time  to 
cleanse  the  parts  thoroughly,  warm  boracic  acid  baths  are  of  the  gi'eatest 
service.    The  patient  should  be  immersed  in  the  bath  with  the  dressing  on,  and 
the  latter  should  be  carefully  removed  when  it  is  thoroughly  soaked.    The  bath 
should  be  as  warm  as  the  patient  can  comfortably  bear,  and  he  should  remain 
in  it  for  about  half  an  hour.    About  ten  drachms  of  boracic  acid  to  every 
gallon  of  water  makes  an  efficient  antiseptic  bath.    This  treatment  has  Ix^en 
attended  with  the  best  results  in  several  cases  in  University  College  Hospital. 
If  there  is  much  discharge  it  should  be  absorbed  by  a  layer  of  salicyhc  wool 
over  the  boracic  dressing  in  order  to  prevent  putrefaction  as  far  as  possible. 
Eucalyptus  oil  may  be  used  either  as  gauze  or  as  a  solution  in  olive  oil.  Iodoform 
may  be  sprinkled  on  the  surface  if  the  discharge  becomes  foul,  but  caution  must 
be  used  in  its  apphcation,  especially  in  children,  as  symptoms  of  poisoning 
(p.  202)  may  arise.  In  the  absence  of  the  necessary  materials  for  the  above  modes 
of  treatment  the  following  plan  will  be  found  comfortable  to  the  patient,  and 
satisfactory  in  its  results.    The  whole  burnt  surface,  whatever  may  be  the 
degree  of  burn,  may  be  well  covered  with  the  finest  wheateu  flour  by  means 
of  an  ordinary  dredger.    The  flour  should  be  laid  on  thickly,  but  uniformly 
and  gi-adually  ;  it  forms  a  soft  and  soothing  ii]3])licatio}i  to  the  surface.  li' 
the  cuticle  have  been  abraded,  the  flour  Avill  form  a  thick  crust,  by  admixture 
with  the  serum  discharged  I'rom  the  broken  surface.    If  the  skin  be  charred, 
the  discharge  which  will  sjieedily  set  up  around  the  eschar,  will  make  the 
flour  adhere  to  the  part,  forming,  as  it  were,  a  coating  impervious  to  the  air. 
The  crusts  thus  formed  shoidd  not  be  disturbed  until  they  become  loosened 
by  the  discharges,  when  they  should  be  removed.    In  this  mode  of  treatment 
the  decomposition  of  the  discharges  is  retarded  and  limited  by  the  dryness  of 
the  dressing. 

A  common  remedy  in  iron-works  and  other  places  where  bums  are  conunon 
is  the  so-called  Carron-oil,  composed  of  equal  parts  of  linseed-oil  and  lime- 
water,  to  wliich  a  small  quantity  of  spirits  of  turpentine  is  sometimes  added. 
It  is  applied  on  lint.    Whatever  local  application  be  adopted,  1  hold  it  to  be 
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of  the  utmost  importance  in  the  early  stages  of  the  burn  to  change  the 
d]-essings  as  seldom  as  possible  :  if  dry  dressings  are  used,  not  until  they  have 
been  loosened  by  the  discharges.  Every  fresh  dressing  causes  the  patient 
very  severe  pain,  produces  depression,  and  retards  materially  the  progress  of 
the  case. 

When  the  sloughs  have  separated,  the  granulating  surface  must  be  managed 
ou  ordinary  principles.  It  is  important,  however,  to  select  some  form  of 
dressing  that  will  not  stick  to  the  sore,  otherwise  the  granulations  may  bleed 
every  time  it  is  changed  to  such  an  extent  as  sei'iously  to  weaken  the  patient. 
To  prevent  this,  the  green  "  protective  "  oiled  silk  may  be  applied  directly 
to  the  sore  and  covered  with  diy  boracic  lint  or  salicylic  wool  ;  under  this 
plan  of  treatment  the  dressing  is  perfectly  painless.  If  the  granulations 
become  prominent  they  must  be  touched  with  nitrate  of  silver.  Epithelium- 
grafting  is  often  very  useful  in  hastening  the  healing. 

Prevention  and  Removal  of  Contraction. — As  cicatrization  advances, 


Fig.  122.— Contraction  of  Elbow  from  Cicatrix 
of  Burn  of  Fourth  Degree. 


I.-ig. 


123.— Contraction  of  ThumT)  from 
Burn  of  Fourtli  Degree. 


the  part  must  be  fixed  in  a  jDroper  position  by  means  of  bandages,  splints,  and 
mechanical  contrivances,  specially  adapted  to 
counteract  the  tendency  to  contraction  of  the 
cicatrix,  and  the  consequent  deformity.  This 
is  especially  necessary  in  burns  about  the  neck, 
where  the  chin  is  liable  to  be  di-awn  down  on 
the  sternum ;  and  in  burns  on  the  inside  of  hmbs 
or  at  the  flexures  of  joints,  more  especially  the 
elbow,  where  contraction  greatly  impairs  the 
utility  of  the  arm.  (Fig.  122.)  In  bad  burns 
of  the  hands,  the  fingers  may  be  drawn  into 
and  fixed  upon  the  palm  of  the  hand,  may 
become  webbed  together,  or  may  be  dislocated 
and  fixed  immovably  against  the  dorsum.  The  accompanying  woodcuts 
are  good  illustrations  of  the  bad  effects  of  bm'ns  upon  the  hands.  In  Fig.  124, 
the  little  finger  has  been  dislocated  backwards,  and  fixed  upon  the  dorsum. 
Ill  Figs.  125  and  126,  the  two  hands  were  greatly  deformed- -the  fingers 


Fig.  124. — Dislocation  backwards  of 
Little  Finger  from  Contraction  of 
the  Cicatrix  of  a  Burn  of  the  Foiirth 
Degree. 
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being  partly  consumed,  and  partly  webbed  and  matted  togetlier  Ijy  dense 
cicatricial  tissue.  This  accident  occurred  in  consequence  of  the  niglit-shirt 
taking  fire.  The  patient  tried  to  extricate  himself  by  drawing  the  burning 
garment  over  his  head,  but,  the  wristbands  being  buttoned,  he  could  not 
withdraw  the  hands,  which  were  frightfully  burnt.  Fig.  123  represents  the 
thmnb  drawn  into  such  a  position  as  to  be  no  longer  capable  of  being  brought 
into  apposition  to  the  fingers. 

Similar  contractions  may  occur  in  the  foot,  lea^^ng  great  deformity,  as  in 
Fig.  127,  where  the  heel  is  shown  to  be  retracted,  and  the  whole  of  the  toes 


Fig.  1-25.— Deformity  of  Right  Hand  from  Burn  of  Fig.  126.— Deformity  of  Left  Hand  from 

the  Fourth  or  Fifth  Degree.  Bum  of  the  Fifth  Degree. 


spread  out  in  a  fan  shape.  In  this  case  amputation  (Pirogoff's)  was  the  only 
means  left  for  securing  a  useful  limb. 

The  contracted  cicatrices  resulting  from  bm-ns  may,  if  of  recent  date,  be 
stretched  out  by  the  pressure  of  strips  of  plaster  or  elastic  bandages,  the 


Fig.  127.— Deformed  Foot  from  Burn  of  the  Pig.  128.— Warty  Cicatrix  of  Arm  result- 

Fourth  and  Fifth  Degrees.  ing  from  action  of  Sulphuric  AciM. 

traction  of  india-rubber  bands,  or  the  action  of  rack-and-pinion  apparatus. 
The  good  effect  of  this  plan  of  treatment  is  especially  marked  in  contractions 
at  the  elbow,  or  in  those  that  fix  the  arm  to  the  side.  These  means  are  par- 
ticularly useful  in  children,  and  indeed  are  so  in  all  cases,  provided  the  cicatrix 
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be  not  too  old— not  more  than  a  year ;  after  that  time,  it  will  seldom  yield 
without  division. 

Corrosive  liquids,  such  as  strong  sulphuric  acid,  when  applied  to  the  surface, 
produce  effects  very  similar  to  those  that  result  fi'om  the  more  severe  degrees 
of  burn  ;  leaving  cicatrices  contracted,  irregular,  and  often,  as  in  Fig.  128, 
rugged  and  warty. 

Operations  for  the  Kemoval  of  the  Effects  of  Contraction  consequent 
upon  burns  are  occasionally  required ;  and,  if  judiciousl}'  planned  and  executed, 
may  do  much  to  improve  the  patient's  condition.  The  operations  that  are 
practised  with  this  view  are  of  two  kinds  :  1.  Simple  division  of  the  Faulty 
and  Contracted  Cicatrix  ;  2.  The  Transplantation  of  a  flap  of  adjacent  healthy 
Skin  into  the  gap  left  after  the  division  of  the  cicatrix. 

1.  In  the  first  operation,  that  of  simply  Dividing  the  Cicatrix,  three 
points  require  special  attention  :  1st,  that  the  division  extend  completely 
through  the  cicatrix  from  side  to  side  into  the  adjacent  healthy  skin  ;  2ndly, 
that  the  incision  be  carried  through  the  whole  depth  and  thickness  of  the 
cicatrix  into  the  healthy  adipose  tissue  beneath  it,  which  may  always  be 
recognized  by  its  yellow  colour  ;  3rdly,  that  all  contracted  bands  lying  in  this 
layer  be  fairly  divided.  The  great  obstacle  to  the  success  of  this  operation, 
however,  consists  in  the  fact  that  the  new  granulations,  which  spring  up  after 
the  division  of  the  contracted  cicatrix,  in  their  turn  contract  whilst  heahng. 
After  the  division  of  the  cicatrix,  also,  it  may  be  found  that  the  subjacent 
structures  have  been  so  rigidly  fixed  in  then*  abnormal  position  as  not  to  admit 
of  extension.  It  may  then  be  necessary  to  employ  screw-apparatus,  or  even 
to  divide  fascite  and  tendons,  before  the  part  can  be  restored  to  its  normal 
shape.  Care  must,  however,  be  taken  in  doing  this,  that  subjacent  structures 
of  importance,  such  as  large  blood-vessels,  or  nerves,  be  not  so  closely  con- 
nected with  the  cicatrix  as  to  render  wound  or  division  of  them  unavoidable. 
In  the  neck,  cicatricial  bands  will  often  come  into  Aery  dangerous  proximity 
to  the  external  jugular  vein,  which  becomes  greatly  distended  by  the 
])ressure  thus  exercised  upon  it.  And  at  the  elbow,  which  is  a  common  seat 
of  contraction  fi-om  bm-ns,  the  brachial  artery  may  become  involved  in  the 
cicatrix  to  a  dangerous  extent.  I  have  heard  of  one  case  in  which  this  vessel 
was  divided  in  cutting  through  the  cicatrix,  when  amputation  of  the  arm  was 
immediately  resorted  to. 

These  operations  are  most  successful  in  cases  of  contraction  at  the  flexures 
of  the  joints.  If  the  contraction  be  of  very  long  standing,  the  arteries  and 
nerves  will  have  become  shortened,  and  incapable  of  stretching  under  any 
force  that  may  be  safely  employed :  hence  they  may  easily  be  torn. 

2.  Operations  that  are  undertaken  for  the  removal  of  the  disfigurements  that 
occur  about  the  face  and  neck  as  the  result  of  burns,  require  much  manage- 
ment. In  these  cases,  simple  division  of  the  cicatrix  is  insuflficient ;  and 
Transplantation  of  a  Flap  of  Skin  is  required  in  addition.  After  the 
cicatrix  and  all  cicatricial  bands  have  been  freely  divided  in  accordance  with 
the  rules  just  given,  a  flap  of  integument,  of  sufficient  size  to  fill  the  greater 
part  of  the  gap,  must  be  dissected  up  fi'om  the  neighbouring  parts  of  the  neck, 
chest,  or  shoulder,  and  laid  into  the  cicatrix.  There  it  should  be  fixed  by 
sutures ;  but  extreme  care  must  be  taken  that  no  traction  be  put  upon  it,  lest 
it  slough.  Even  if  imion  takes  place  by  the  second  intention  a  very  satis- 
factory result  is  left,  as  is  shown  by  the  annexed  figures  (129,  130),  taken 
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liefore  and  after  operation.  The  directions  given  by  Teale  for  the  restora- 
tion of  the  lower  lip  when  dragged  down,  everted,  and  partially  destroyed 
by  cicatrization  following  a  burn,  are  bo  simple  and  lead  to  such  excellent 
results,  that  T  give  them  nearly  in  his  own  words.    The  everted  lip  is  divided 


Fig.  129.— Cicatrix  of  Lip  and  Neclc  liefoi-e 
Operation. 


Fig.  laO.— Tlie  same  Patient  after  Operation. 


into  three  parts,  by  two  vertical  incisions  three-quarters  of  an  inch  long, 
cari'ied  down  to  the  bone.  These  incisions  are  so  planned  that  the  middle 
portion  between  them  (Fig.  131,  B)  occupies  one-half  of  the  lip.  From  the 
lower  end  of  each  incision  the  knife  is  carried  upwards  to  a  point  one  inch 
beyond  the  angle  of  the  mouth  (A).    The  two  flaps  thus  marked  out  are 


Fig.  131. — Incisions  in  Teale'.s 
Operation  for  Cicatricial 
Deformity  of  the  Lower  J.,iiJ. 


Vip.  Tcale's  Ojieration  :  the 

Flaps  in  place. 


freely  and  deeply  dissected  up.  The  alveolar  border  of  the  middle  portion  is 
then  freshened."  The  lateral  flaps  (Fig.  132.  C  A)  are  now  raised,  united  by 
sutures  in  the  mesial  line,  and  su])ported  as  on  a  base  by  the  middle  flap,  U> 
which  they  are  also  attached  by  a  few  points  of  suture,  leaving  a  triangular 
even  surface  (0  0)  to  granulate.  In  addition  to  the  division  of  the  cicatrix, 
James,  of  Exeter,  in  these  cases  very  successfully  employed  a  screw-collar,  by 
which  the  chin  can  be  loosened  from  the  sternum,  and  gi-adual  extension  ot 

the  cicatrix  cflected. 

Tn  some  cases  of  burns  of  the  arm  in  which  the  sore  will  not  heal,  or  in 
which  the  tense  scar  renders  the  limb  useless,  improvement  may  be  obtained 
bv  shortening  the  limb.    'J^hus.  Syme  in  one  case  excised  the  elbow  for  a 
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burn  of  the  back  of  thu  arm  which  could  not  be  got  to  heal,  aiid  iu  this  way 
a  very  useful  though  shortened  limb  remained.  A  portion  of  the  humerus 
may  be  removed  in  the  same  way,  and  the  ends  of  the,  fragments  wired 
together. 

Warty  Cicatrices. — The  cicatrices  of  burns,  especially  on  the  neck  and 
chest,  occasionally  become  after  a  time  projecting,  red,  and  glazed,  as  if 
composed  of  a  mass  of  fiingating  granulations,  smoothed  down  and  thinly 
skinned  over.  This  condition,  which  may  be  looked  on  as  a  substantive 
disease,  and  resembles  keloid  in  appearance,  has  been  met  with  chiefly  in 
children ;  but  I  have  several  times  seen  it  in  adults,  especially  in  women 
who  had  been  badly  bm-nt  by  their  dresses  taking  fire.  In  these  cases  I 
observed,  what  I  have  noted  in  other  similar  instances  in  children,  that  the 
warty  cicatrices  were  the  seat  of  the  most  intolerable  itching,  which  no  external 
application  seemed  to  relieve.  I  have,  however,  seen  the  pruritus  mitigated 
by  the  administration  of  large  doses  of  liquor  potassae.  If  small  and  narrow, 
these  cicatrices  may  be  dissected  out :  if  large,  they  cannot  be  removed  without 
risk  of  much  htemorrhage,  for,  although  fibroid,  they  are  very  vascular. 

The  scars  of  burns  or  scalds  form  the  most  common  seat  of  this  "  false  " 
keloid.  The  cause  of  this  peculiar  outgrowth  is  altogether  unknown.  It  may 
iu  some  cases,  perhaps,  be  owing  to  want  of  care  iu  checking  the  luxuriance 
of  the  gTanulations  ;  but  in  other  cases  it  occurs  though  every  attention  is 
}jaid  to  the  healing  of  the  wound. 

The  cicatrix  of  a  bm-n  may  become  the  seat  of  a  malignant  growth  many 
years  afterwards.  I  have  removed  a  large  epithelioma  from  the  cicatrix  of  a 
burn,  on  the  fore-arm  of  a  woman,  seventy  years  aftei'  the  infliction  of  the 
injury,  which  happened  when  she  was  three  or  four  yeai's  of  age. 

Primary  Amputation  may  be  required  if  the  burn  have  destroyed  the  whole 
thickness  of  a  limb ;  the  part  charred  should  then  be  removed  at  once,  at  the 
most  convenient  point  above  the  seat  of  injury.  This  operation  may  be  re- 
quired also  at  a  later  period,  if,  on  the  separation  of  the  eschars,  it  be  found  that 
a  large  joint  has  been  opened,  and  is  suppurating ;  or  if  the  disorganization  of 
the  limb  be  so  great  as  to  exliaust  the  powers  of  the  patient  in  the  efforts  at 
repair.  Great  caution,  however,  shoidd  be  employed  iu  determining  on  the 
])ropriety  of  primary  amputation  when  the  burn  has  extended,  though  in  a 
minor  degi'ee,  to  other  parts  of  the  body,  lest  the  powers  of  the  patient  be 
insufficient  for  the  double  call  that  will  thus  be  maJie  upon  them. 

FROST-BITE. 

AVhen  the  body  has  been  exposed  to  severe  or  long-continued  cold,  we  find, 
as  in  the  case  of  burns,  that  local  and  constitutional  effects  arc  produced. 

Local  Influenck  of  Colo. — This  is  manifested  chiefly  on  the  extremities 
of  the  body,  as  the  nose,  ears,  chin,  hands,  and  feet,  where  the  circulation  is 
less  active  than  at  the  more  central  |)arts.  It  occurs  to  an  injurious  degree 
(.•hiefly  in  very  young  or  aged  persons,  or  in  those  whose  constitutions  have 
l)een  depressed  by  want  of  the  necessaries  of  life.  In  such  person  frost-bites 
and  the  resulting  gaugrene  are  as  much  due  to  the  feeble  vitality  of  the 
extremities  as  to  the  low  temperature  to  which  they  are  exposed. 

The  extreme  parts  of  the  body,  us  the  feet,  more  especially  the  toes, 
necessarily  suffer  most  frequently,  iu  many  cases  from  long  exposure  to  wet  at 
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low  temperatures  rather  than  to  dry  cold.  The  fingers,  the  tip  of  the  nose 
and  chin,  and  the  prominences  of  the  cheeks,  are  especially  apt  to  sulfei' 
from  dry  cold,  more  particularly  wlien  its  effects  are  much  increased  by  hijcrli 
wind  ;  for  it  is  a  well-known  fact  that  extremely  low  temperatui-es  are  borne 
with  impunity  so  long  as  the  air  is  calm,  as,  happily,  it  commonly  is  in  these 
circumstances.  Rut  if  a  high  wind  springs  up,  the  heat  of  the  body  is  so 
rapidly  carried  off,  that  sudden  congelation  of  exposed  parts  may  ensue.  It 
is  remarkable  how  some  parts  escape.  Thus  the  eyeball  is  never,  to  my  know- 
ledge, frozen  so  long  as  life  remains,  and  yet  it  might  be  supposed  that  the 
aqueous  humour  at  least  would  easily  congeal.  The  eyelids  also,  thin  as  they 
are,  commonly  escape  frost-bite. 

The  first  effect  of  cold  is  to  cause  a  contraction  of  all  the  involuntary 
muscular  fibre  of  the  part  acted  on.  The  small  arteries  of  the  skin  become 
so  much  narrowed  that  the  circulation  through  the  part  is  completely  aiTested. 
It  becomes  somewhat  shrunken  and  of  a  dead  white  ccjlour.  In  this  condition, 
being  deprived  of  its  natural  source  of  heat,  it  readily  becomes  frozen  if  ex- 
posed to  a  sufficiently  low  temperature.  The  experience  of  the  production  of 
local  anaesthesia  by  cold  teaches  us,  however,  that  the  tissues  may  be  com- 
pletely frozen  and  kept  in  that  state  for  a  minute  or  more  without  suffering 
any  injury.  If,  however,  this  condition  be  maintained  for  a  longer  time,  it  is 
evident  that  the  vitality  of  the  part  will  be  gradually  lowered  till  it  is  finally 
completely  extinguished.  So  long  as  the  part  is  kept  bloodless,  inflammation 
cannot  manifest  itself  ;  but  as  soon  as  the  vessels  dilate  on  the  restoration  of 
the  natural  heat  of  the  part,  inflammatory  phenomena  occur  varying  with  the 
degree  of  impairment  of  vitality  that  the  part  has  suflPered  during  its  exposure 
to  cold.  If  it  have  been  completely  killed,  the  blood  fails  to  enter  the  vessels 
of  the  dead  part,  which  consequently  remains  white  and  cold  till  decomposition 
sets  in.  If  the  damage  has  been  short  of  this  the  blood  enters  the  vessels, 
and  all  the  phenomena  of  inflammation  are  developed.  If,  from  the  too 
sudden  thawing  of  the  frozen  part,  a  large  quantity  of  blood  is  admitted 
at  a  high  degree  of  pressure,  abundant  exudation  takes  place  from  the  damaged 
vessels,  great  swelling  and  tension  ensue,  and  the  circulation  may  again  be 
arrested,  partly  by  the  pressure  caused  by  the  exudation,  which  may  extinguish 
such  remains  of  vitality  as  are  left  in  the  tissues,  and  partly  by  the  obstruction 
to  the  circulation  within  the  vessels  from  adhesion  of  the  corpuscles.  Thus  a 
part  which  had  escaped  death  from  the  direct  action  of  the  cold  may  rapidly 
become  gangrenous  after  a  short  period  of  apparent  restoration.  If  it  escajie 
gangrene  the  inflammation  graclually  subsides,  often  being  accompanied  by 
vesication.  If  the  damage  done  is  still  less,  the  restoration  of  warmth  is 
followed  merely  by  some  redness  and  possibly  a  little  swelling,  with  much 
burning  pain.  The  effects  of  cold,  in  fact,  form  one  of  the  best  illustrations 
of  the  facts  that  inflammation  is  the  direct  result  of  damage  of  a  ]iart  to 
a  degree  short  of  causing  death,  and  that  the  degree  of  inflammation  is 
proportional  to  the  degree  to  which  the  vitality  is  lowered. 

When  gangrene  results  it  is  most  commonly  of  the  moist  variety ;  the  ]iavt 
is  swollen  and  black,  finally  it  becomes  dry  and  shrivelled,  and  separates  by 
the  formation  of  a  line  of  ulceration  around  it. 

The  Constitutional  Effects  of  a  low  tem]ierature  need  not  detain  us.  It  is 
well  known  that,  after  exposure  to  severe  or  long-continued  cold,  a  feeling  of 
heaviness  and  stupor  comes  on,  and  gradually  creeps  on  k)  an  (n  erpowering 
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tendency  to  sleep,  which,  if  yielded  to,  terminates  in  coma,  and  a  speedy, 
though  probably  painless,  death. 

Teeatmbnt  of  Frost-Bite. — This  consists  in  endeavouring  to  restore  the 
vitality  of  the  frozen  parts.  The  great  danger  is  that  the  circulation  may 
become  again  arrested,  as  above  described,  by  the  sudden  admission  of  a  large 
quantity  of  blood  at  a  high  degree  of  pressure.  In  order  to  prevent  this 
accident,  the  temperature  must  be  elevated  very  gTadually  and  with  extreme 
care.  The  patient  should  be  placed  in  a  cold  room,  without  a  fire,  any 
aiDproach  to  which  would  certainly  lead  to  the  destruction  of  the  frost- 
bitten members.  These  must  then  be  gently  rubbed  with  snow,  or  with 
cloths  dipped  in  cold  water,  and  held  between  the  hands  of  the  person 
manipulating;  as  reaction  comes  on,  they  may  be  enveloped  in  flannel  or 
woollens,  and  a  small  quantity  of  some  warm  liquid  or  spirit  and  water 
may  be  administered.  In  this  way  sensibility  and  motion  will  be  gradually 
restored,  often  with  much  burning  and  stinging  pain,  redness,  and  vesication 
of  the  part.  If  gangrene  have  come  on,  or  if  the  reaction  run  into  sloughing, 
the  sphacelated  part,  if  of  small  size,  should  be  allowed  to  'detach  itself  by 
the  natural  process  of  separation,  which  should  be  interfered  with  as  little 
;is  possible,  the  vitality  of  the  parts  continuing  at  a  low  ebb,  and  exten- 
sion of  gangrene  being  readily  induced.  If  the  gangrenous  parts  be  of 
greater  magnitude,  amputation  may  be  requu-ed.  This  should  be  done  at 
the  most  convenient  situation,  as  soon  as  the  line  of  separation  has  fully 
formed. 

If  the  person  who  has  been  exposed  to  cold  be  apparently  dead,  he  must  be 
put  in  a  cold  room,  the  temperature  of  which  must  be  very  slowly  raised. 
Friction,  as  just  described,  should  be  practised,  and  artificial  respiration  set 
up.  These  means  must  be  continued  for  a  long  time,  even  if  no  signs  of  life 
appear  :  there  being  on  record  instances  of  recovery  after  several  hours  of 
suspended  animation. 

CniLBLAm  is  a  mild  form  of  frost-bite  occurring  in  children  and  in  delicate 
adults.  It  occurs  on  the  toes  and  fingers,  and  occasionally  on  other  exposed 
parts,  as  the  nose  or  ear.  It  is  especially  liable  to  occur  in  paralyzed  or 
<liseased  hmbs.  Most  commonly  the  inflammation  does  not  extend  beyond 
redness  and  swelling,  with  burning  pain  or  intense  itching.  In  more  severe 
cases  the  inflammation  of  the  skin  extends  to  vesication,  and  occasionally, 
when  the  blister  bursts,  a  small  slough  of  the  superficial  part  of  the  cutis,  or  in 
•some  cases  even  of  its  whole  thickness,  is  found  beneath.  This  forms  the  so- 
called  "  broken  chilblain." 

Treatment. — Very  bad  chilblains  in  children,  or  chilblains  of  any  kind  in 
the  adult,  are  indications  of  some  degree  of  debility.  Healthy  exercise,  good 
diet,  warm  clothing,  wash-leather  socks,  and  tonics  are  useful.  Locally,  as  a 
l)reventive,  friction  with  spirits  of  wine  or  camphorated  oil  are  useful ;  in 
t  he  simple  erythematous  stage,  the  application  of  tincture  of  iodine  is  often 
recommended,  or  soap  liniment  to  which  a  little  chloroform  has  been  added. 
Belladonna  and  soap  liniment  in  equal  parts  allays  the  intolerable  itching.  If 
H  slough  forms,  boracic  acid  lint  or  ointment  forjns  a  useful  application. 
Unguentum  resinse  hastens  the  healing. 
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CHAPTER  XIII. 

— — 

INJURIES  BLOOD-VESSELS. 


IKJUBIBS    OF  VEINS. 


Veins  are  very  commouly  wounded  suicidally,  accidentally,  or  in  surgical 
operations  ;  but,  unless  they  are  deeply  seated,  injuries  of  them  are  seldom 
attended  by  any  serious  consequences.  Occasionally  subcutaneous  rupture 
or  laceration  of  a  vein  takes  place  fi-om  a  blow  or  strain.  In  such  cases 
extensive  extravasation  of  blood  will  occur,  which,  however,  usually  undergoes 
absorption  in  a  few  weeks  ;  but  it  may  suppurate,  or  the  changes  described  at 
p.  303  may  take  place.    This  accident  is  most  commonly  seen  m  the  mternal 

saphenous  vein.  ,     .     •        ,  t  r 

There  are  three  sources  of  danger  in  open  wounds  of  veins  :  1,  Loss  ot 
Blood  ;  2,  Septic  or  spreading  inflammation  of  the  vein  :  3,  Entrance  of  Air 

into  the  Circulation.  ,   ,  , ,    ^  ^       -  •  i  i 

1.  A  vein  is  known  to  be  wounded,  when  dark  blood  flows  m  a  rapid  and 

uniform  stream  from  the  seat  of  injury. 

The  Hemorrhage  from  a  wounded  vein  may,  if  the  vessel  be  superhcial. 
be  arrested  by  positfon,  and  the  pressure  of  a  compress,  with  a  few  turns  of  a 
roUer  A  wound  of  one  of  the  larger  veins  of  the  trunk— as  of  the  vena  cava, 
innominate,  or  iliac-will  necessarily  prove  rapidly  fatal  from  uncontrollable 
hsemorrhage  When  one  of  the  large  external  veins  is  wounded,  such  as  the 
internal  jugular,  the  axillary,  or  the  femoral,  it  should  be  fairly  exposed  and 
tied  with  catgut  ligature  above  and  below  the  wound  in  it.  Langenbeck  has 
in  this  case  advised  that  the  concomitant  artery  should  also  be  tied.  And 
a  wiori  it  might  be  supposed  that  this  would  be  a  wise  precaution.  But 
experience  and  the  result  of  statistical  inquiries  have  alike  demonstrated  its 
fallacv  Gross  and  Morris  have  shown  that  the  ligature  of  the  mternal  jugular 
when  wounded  in  operations  about  tlie  neck  or  in  suicidal  attempts  is  a  very  safe 
nrocedure-whilst  if  the  common  carotid  be  hgatured  at  the  same  tunc,  the 
mortality  following  the  double  operation  becomes  very  high.  In  the  extremities^ 
lo  the  simultaneous  ligature  of  the  main  vein  and  artery  .s  especially  apt  to 

'"1  in  a  large  vein  may  be  treated  by  picking  up  the  wall 

of  the  vessel  at  the  injured  six.t,  and  applying  a  hgaturo,  so  as  to  include  the 
(.nonin<'  without  completely  occluding  the  vein. 
TwSund  in  a  vein  is  closed  in  different  ways  according  (o  the  size  ot  h 
on  nir^d  the  mode  of  treatment.    If  the  vein  be  completely  divided  and 
.atu  e  applied,  the  closure  of  the  vein  is  brouglvt  about  in  the  same  way  a 
Iv  t  of      artery  under  similar  circumstances  (see  Wounds  of  Arteries).   A\  he. 
;  0  i^d        is  treated  by  pressure,  the  lips  of  the  wound  come  in  contac 
vi  l^cach  other  and  union  takes  place  without  permanent  occlusion  of  tl 
el      ft  •!  t  ^>r.ns  above  and  below  the  point  pressed  upon,  it  is  absorbed 
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and  the  canal  of  the  vessel  restored.  At  the  time  when  venesection  was 
commonly  practised,  a  patient  was  often  bled  mviaj  times  from  the  same  vein 
during  the  course  of  his  life  without  its  becoming  occluded. 

2.  Septic  and  spreading  inflammation  of  Veins  will  be  described  when  we 
come  to  speak  of  the  various  forms  of  venous  thrombosis  and  phlebitis  ;  and 
3,  the  Entrance  of  Air  into  Veins  will  be  discussed  in  a  subsequent  chapter. 


INJUKIES    OF  ARTEBIES. 


Arteries  may  be  bruised,  torn,  punctured,  or  cut. 

CoNTUSioir. — A  slight  bruise  of  an  artery  is  not  attended  by  any  bad  con- 
sequences ;  but,  if  the  contusion  be  sufficiently  severe  to  damage  the  coats, 
the  artery  may  become  plugged  with  an  adherent  clot,  and  finally  occluded. 
This  clot  may  be  deposited  gradually,  so  that  the  obstruction  of  the  vessel 
may  not  be  complete  till  some  days  after  the  accident.  Thus,  a  patient  was 
admitted  into  University  College  Hospital  under  Mr.  Quain,  with  a  contused 
wound  in  the  axilla,  received  in  falling  upon  some  iron  railings  ;  no  change 
took  place  in  the  circulation  of  the  arm  for  two  days,  when  pulsation  in  the 
radial  artery  ceased,  the  injured  vessel  having  evideutly  become  plugged  by  a 
clot. 

Rupture  and  LACBRATroisr. — An  artery  may  be  torn  either  partially  or 
completely  across.  When  Partial  Rupture  occurs,  the  internal  and  middle 
coats  only  give  way,  the  toughness  of  the  external  coat  preventing  its 
laceration.  This  accident  is  especially  apt  to  occur  in  consequence  of  blows 
nr  strains  upon  diseased  or  weakened  vessels,  and  may  possibly  lay  the 
tViundation  for  dissecting  and  other  aneurisms.  In  other  cases,  the  ruptured 
portion  of  the  coats  becomes  turned  down  into  the  inside  of  the  vessel,  and, 
acting  as  a  valve,  pre^'ents  the  further  progress  of  the  blood  through  it ; 
more  commonly  the  partially  ruptured  vessel  becomes  blocked  by  a  clot 
adherent  to  the  injured  spot.  Occlusion  of  an  artery  in  this  way  may  give 
rise  to  gangrene,  but  as  a  rule  the  collateral  circulation  is  sufficient  to  main- 
tain the  vitality  of  the  parts  beyond  the  obstruction. 

A  similar  condition  of  partial  rupture  may  occur  in  wounds  from  blunt 
instruments.  Thus,  a  case  occurred  at  the  London  Hospital,  in  which  a 
>uicidal  wound  of  the  throat  had  exposed  the  carotid  artery.  After  death,  it 
was  found  that  the  inner  and  middle  coats  of  the  vessel  had  been  divided  by 
the  pressure  of  the  knife,  which  was  blunt,  but  that  the  external  coat  had  been 
left  entire  :  and  under  this  was  a  dissecting  aneurism. 

The  Complete  Rupture  of  an  artery  may  occur  either  in  an  open  wound 
or  under  the  integuments.  When 
an  artery  is  torn  across  in  an 
open  wound,  as  in  the  avulsion  of 
'  a  hmb  by  machinery,  or  by  a  can- 
non-shot, there  is  usually  but 
little  haemorrhage,  even  from 
arteries  of  the  magnitude  of  the 
axillary  or  the  femoral,  and  though 

the  vessel  hang  out  of  the  wound,  pulsating  to  its  very  cud.  The  absence 
of  blcediug  is  owing  to  the  internal  and  middle  coats,  which  are  fragile, 
breaking  off  short  and  contracting  somewhat ;  while  the  external  coat  and 


Fig. 


lya. — Complete  lluimire  of  an  Artery. — Vessel  laid 
open.  Inner  and  middle,  eoiits  broken  short,  outer 
coat  drawn  out. 
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the  sheath  of  the  vessel,  being  elastic,  are  di'agged  down  and  twisted  over  the 
torn  end  of  the  artery,  so  as  completely  to  prevent  the  escape  of  blood 
(Fig.  188). 

When  the  laceration  of  the  artery  is  subcutaneous,  as  occasionally  happens 
in  the  attempted  reduction  of  an  old  dislocation  of  the  shoulder,  the  artery  is 
not  as  a  rule  completely  torn  across,  and  then  either  extensive  extravasation, 
or  one  or  other  of  the  varieties  of  lyaumatic  Aneurism,  to  be  descrilied  in 
Chapter  XV.,  may  be  produced. 

In  Penetrating  Wounds  of  an  artery,  there  is  always  hemorrhage  of  an 
arterial  character,  unless  the  puncture  be  so  fine  as  to  be  closed  by  the 
elasticity  of  the  coats  of  the  vessel.  Thus,  Maisonneuve  has  shown  that  an 
artery  may  be  punctured  with  a  fine  needle,  without  any  hasmorrhage  or  other 
unfavourable  event  resulting.  If,  however,  the  puncture  be  larger  than  this, 
heing  made  by  a  tenaculum  or  hook,  it  does  not  commonly  close  in  this  way  ; 
and,  if  haemorrhage  do  not  take  place  immediately,  it  will  probably  come  ou 
in  the  course  of  a  few  hours  or  days,  from  ulceration  of  the  vessel.  If  the 
wound  be  still  larger,  there  is  always  an  amount  of  immediate  haemon-hage 
proportionate  to  its  size  and  to  that  of  the  vessel. 

The  Direction  of  the  wound  in  the  artery  influences  materially  its  charac- 
ters. If  the  cut  be  parallel  to  the  axis  of  the  vessel,  there  is  less  tendency  to 
gaping  of  the  edges  than  if  it  be  obhque.  In  transverse  wounds  of  arteries, 
the  retraction  of  the  coats  is  so  great  as  to  cause  the  wound  to  assume  some- 
what of  a  circular  appearance.  If  the  artery  be  cut  completely  across,  there 
is  always  a  less  degree  of  htemorrhage  than  when  it  is  partially  divided  ;  for 
the  retraction  and  contraction  of  the  cut  ends  may  then  be  sufficient  to  close 
the  vessel,  whereas  they  enlarge  the  aperbure  when  it  is  merely  wounded. 
"When  the  wound  in  the  artery  is  subcutaneous,  communicating  only  hy  an 
oblique  and  narrow  aperture  with  the  sm-face,  httle,  if  any,  external  hfemor- 
rliage  takes  place,  but  extravasation  of  blood  occurs.  The  extravasation  may 
either  be  poured  into  one  of  the  serous  cavities,  or  it  may  be  diffused  in  the 
areolar  tissue  of  the  Hmb  or  part,  infiltrating  it  deeply  and  extensively,  and 
perhaps  by  its  pressure  ultimately  producing  gangrene  ;  or  it  may  be  effused 
in  a  more  circumscribed  manner,  giving  rise  to  one  or  other  of  the  forms  of 
traumatic  aneurism  (see  Chapter  XV.). 


HiEMOKEHAGE    FROM    V?OUNDED  VESSELS. 

IjOCAL  Signs. — The  characters  of  the  bleeding  or  haamorrhage  differ  accord- 
ino-  to  the  nature  of  the  vessel  from  which  tlie  blood  escapes.  When  a  Vein 
is  wounded,  the  blood  that  is  poured  out  is  of  a  dark  colour,  and  flows  in  a 
uniform  stream  ;  the  force  with  which  this  is  projected  de]icnding  on  the 
conditions  in  which  the  wounded  vein  is  placed.  If  there  be  any  pressure 
between  the  wound  and  the  heart,  as  of  a  ligature  n])on  the  vessel  ;  if  the 
position  of  the  part  be  such  as  to  ftivour  the  gravitation  of  blood  towards  the 
wound  ;  or  if  the  muscles  of  the  limb  be  made  to  contract— the  force  of  the 
flow  of  blood  will  be  increased. 

When  an  Artery  is  wounded,  the  blood  that  escapes  is  of  a  bright  scarlet 
colour.  It  flows  in  jets  synchronous  with  the  contractions  of  the  left  ven- 
tricle ;  between  the  jets  the  flow  does  not  cease,  but  the  column  of  blood  falls 
in  height.    In  the  great  majority  of  cases  the  jet  comes  only  from  the  proximal 


EFFECTS  OF  HEMORRHAGE. 


403 


aperture,  dark  blood  issuing-  from  the  distal  opening  in  a  continuous  and 
trickling  stream  ;  but  in  some  situations  a  jet  of  blood  of  arterial  character 
may  issue  from  the  distal  as  well  as  from  the  proximal  end  of  the  cut  vessel, 
as  in  wounds  of  the  palmar  and  plantar  arches,  or  of  the  arteries  of  the 
forearm.  As  the  blood  flows,  the  jet  lessens  in  height,  in  consequence  of  the 
weakening  of  the  heart's  action.  The  height  and  force  of  the  jet  in  all  cases 
depend  greatly  on  the  size  of  the  vessel ;  thus  the  jet  from  the  femoral  artery 
is  stronger  than  that  fi-om  a  muscular  branch  of  the  thigh.  When  a  small 
arterial  branch  is  wounded  near  its  origin  from  the  main  trunk,  the  jet  will 
always  be  forcible  and  free  ;  so  also  the  proximity  to  the  centre  of  the  circula- 
tion will  influence  materially  the  force  with  which  the  blood  is  propelled  from 
the  wound  in  the  vessel. " 

Extravasation.— When  the  blood  is  not  poured  out  on  the  surface,  but 
escapes  ft-om  a  wounded  vessel  into  the  areolar  tissue  of  a  part,  the  substance 
of  organs,  or  internal  cavities,  it  is  termed  an  Extravasation.  In  these  cases 
there  are  not  the  ordinary  local  signs  of  an  external  haemorrhage ;  but  other 
local  phenomena,  such  as  swelling,  duluess  on  p-rcussion,  displacement  of 
organs  or  parts,  discoloration  of  the  skin  and  subjacent  areolar  tissue,  indicate 
that  blood  is  being  poured  out  subcutaneously  ;  and  we  judge  of  the  quantity 
of  the  blood  that  has  escaped,  not  only  by  the  extent  of  these  local  phenomena, 
but  by  the  general  effect  produced  upon  the  system  by  its  loss. 

Constitutional  Effects  op  H^morkhage.— These  depend  upon  the 
quantity  of  blood  lost,  on  the  rapidity  with  which  it  is  poured  out,  and  on  the 
state  of  the  patient's  constitution. 

When  a  large  quantity  of  blood  is  suddenly  lost,  as  when  a  main  artery  is  cut 
across  or  an  aneurism  bm'sts,  the  patient  may  die  forthwith  ;  he  falls  down  in 
a  state  of  syncope,  with  a  pale  cold  surface  and  lividity  about  the  lips  and 
eyes,  gasps  a  few  times,  sighs,  is  very  restless,  and  suffers  convulsive  move- 
ments of  the  limbs  before  he  expires.  If  the  quantity  lost  be  not  so  great  as 
to  produce  death,  though  still  very  considerable,  the  patient  becomes  faint 
and  sick,  mth  coldness  and  pallor  of  the  surface,  profuse  perspiration,  great 
I'estlessness  and  agitation,  thirst,  noises  in  the  ears,  and  failure  or  complete 
loss  of  sight.  Although  the  surface  of  the  body  is  colder  than  natural,  the 
patient  often  complains  of  feeling  hot,  and  throws  off  the  bed-clothes.  The 
respiration  is  deep  and  sighing,  and  one  of  the  most  distressing  symptoms  is  a 
^(•nsation  of  want  of  breath.  If  the  quantity  lost,  though  considerable,  be  not 
.0  great  as  this,  or  be  spread  over  a  greater  interval  of  time,  so  that  the  patient 
IS  enabled  to  rally  between  the  recurrences  of  the  haemorrhage,  a  state  of 
anasmia  wiU  be  induced,  characterized  by  pallor  of  the  skin  and  of  the  mucous 
membranes,  palpitation  of  the  heart,  rushing  noises  in  the  head,  a  tendency  to 
syncope  when  in  the  erect  position,  oedema  of  the  extremities,  and  general 
debility  of  the  system. 

_  After  excessive  loss  of  blood  the  patient  may  gradually  rally,  and,  as  the 
vital  fluid  is  reproduced  in  his  system,  he  may  recover  without  any  bad  effects; 
or  he  may  fall  into  a  state  of  anaemia,  which  may  perhaps  never  be  completely 
recovered  from,  and  may  be  associated  with  various  forms  of  local  debility  and 
disturbance  of  functions.  After  very  abundant  loss  of  blood,  the  pulse  often 
assumes  a  character  which  has  been  termed  the  "  litemorrhagic  pulse."  Its 
frequency  is  greatly  increased,  the  wave  of  the  pulse,  as  felt  at  the  wrist, 
18  much  larger  than  natural,  and  dicrotism  is  usually  very  marked,  the  coats 
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of  tlu'  artery  Ijciug  relaxed  from  want  of  tone,  and  the  vessel  imperfectly  filled 
with  blood.  At  the  same  time  there  may  be  some  slight  elevation  of  temper- 
ature. The  rallying  power  is  greater  in  young  adults  than  in  old  people,  and 
greater  in  women  than  in  men.  Children  bear  the  loss  of  blood  badly— a 
very  small  hiemorrhage  may  induce  fatal  syncope  in  infants.  In  advanced 
life  blood  is  slowly  reproduced ;  and  a  great  loss  of  so  comple.v  a  fluid, 
whether  by  accident  or  in  an  operation,  is  seldom  completely  recovered  from, 
and  predisposes  to  the  development  of  secondary  diseases  of  various  kinds. 
As  has  already  been  stated  at  p.  16,  it  is  in  this  way  that  excessive  loss  of 
blood  at  an  operation,  as  for  stone  in  an  aged  man,  often  proves  indirectly 
fatal. 

Arterial  hemorrhage  is,  as  a  rule,  more  dangerous  than  venous,  as  the  loss 
of  blood  is  more  rapid  and  sudden,  and  the  effect  produced  is  proportionally 
greater.  The  body  of  a  person  wdio  has  died  from  the  effects  of  hemoiThage 
presents  a  peculiarly  blanched,  semi-transparent,  waxen  look  ;  the  lips,  ale  of 
the  nose,  and  finger-nails,  have  a  somewhat  livid  appearance,  contrastmg 
strongly  with  the  clear,  yellowish-white  hue  of  the  general  surface. 

Treatment.— The  Gene)'al  Treatment  of  hemon-hage  is  sufficiently  smiple. 
After  the  flow  of  blood  has  been  arrested  by  proper  local  means,  such  as  will 
hereafter  be  described,  the  effects  of  its  loss  are  usually  speedily  recovered  from 
under  the  influence  of  rest  and  good  nourishment.  In  some  cases,  however, 
the  health  becomes  permanently  impaired,  and  a  state  of  chronic  anemia  is 
induced  ;  which,  notwithstanding  the  administration  of  preparations  of  iron, 
may  continue  through  life. 

When  the  loss  of  blood  is  considerable,  it  may  be  necessary  to  have  recourse 
to  immediate  measm-es  in  order  to  prevent  the  syncope  ft'om  being  fatal 
With  this  Adew  the  patient  should  be  laid  recumbent,  with  the  head  low  ;  and 
pressure  may  be  exercised  upon  the  abdominal  aorta  or  the  mam  arteries  of 
the  limbs  or  Esmarch's  elastic  bandage  and  tom-niquet  may  be  apphed,  so  as 
to  confine  the  blood  as  much  as  possible  to  the  head  and  trunk,  and  thus 
maintain  a  good  supply  to  the  brain  and  lungs.  If  death  appear  immment 
from  the  effects  of  the  hemorrhage,  as  happens  m  some  cases  of  flooding, 
recourse  may  be  had  to  transfusion  of  blood;  the  influence  of  this  m 
restoring  the  failing  powers  of  the  heart  and  nervous  system,  is  immediate 
and  most  striking,  and  its  value  has  been  sufficiently  proved  by  the  observa- 
tions of  Blundell  and  other  obstetricians. 

Operation  of  Transfusion.-Although  there  is  reason  to  believe  that 
Transfusion  of  Blood  was  not  unknown  to  the  ancients,  and  the  method 
bv  which  it  could  be  performed  was  distinctly  described  by  Libavius  in  IGlo 
liltle  was  done  on  the  subject  until  Sir  Christopher  Wren,  in  1657,  proposed 
and  practised  the  operation  of  injecting  medicated  liquids  into  the  veins  ot 
animils.    Transfusion  was  first  performed  on  man  m  France,  ^7 
Emmerets,  on  June  15,  1667.    In  November  of  the  same  Je.^^,  it  was  d 
"his  country  by  Eower  and  King.    In  the  early  experiments,  the  blood 
sheep  and  calves  was  used.   The  most  extravagant  ideas  were  formed  as  to  the 
ni  VTt  transfusion.    It  was  supposed  to  be  capable  of  curing  diseases  by 
su   tLftinTtl  e  blood  of  a  healthy  animal  for  tliat  of  a  diseased  person  ol 
.•ciioving  insanity  by  the  injection  of  the  blood  of  ammals        g^^f. '"^ 
S  Iracter  iiUhe  veins  of  a  maniac,  and     prolonging       -^^^^  " 
q^hese  p.  .^tensions  led  to  a  scientific  controversy  of  tlie  most  violent  kind ,  and, 
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some  deaths  having  occurred  from  the  practice,  partly  in  consequence  of  the 
rude  and  imperfect  instruments  used,  transfusion  was  prohibited  in  France, 
and  fell  into  disrepute  in  England.  Although  the  subject  was  occasionally 
revived,  little  attention  was  paid  to  it  until  1824,  when  transfusion  was  again 
practised  by  Blundell,  who  wisely  restricted  its  employment  to  those  cases, 
chiefly  occurring  in  obstetric  practice,  in  which,  in  consequence  of  sudden  and 
profuse  hi'emorrhage,  the  patient  is  threatened  with  fatal  syncope.  Blundell 
invented  a  syringe  by  which  the  operation  might  be  more  safely  performed 
than  had  previously  been  the  case  :  and  by  his  practice,  experiments,  and  argn- 
raents,  he  established  the  system  on  a  secure  basis. 
Transfusion  is  either  mediate  and  indirect,  when  the  blood  is  first  received  in 


Fig.  134. — Avcling's  Metlioil  of  iinineiUate  Transfusion.    A,  Ann  of  Donor  ;  B,  Arm  of  Recipient. 

a  vessel  or  syringe,  and  then  injected  into  the  veins  of  the  patient ;  or  imme- 
diate and  direct,  when  a  direct  communication  is  established  between  the  vein 
of  the  donor  and  that  of  the  recipient. 
Until  recently  the  mediate  method  was 
almost  invariably  employed,  but  this 
is  attended  by  two  sources  of  danger, 
the  introduction  of  air,  and  the  co- 
agulation of  the  blood.  Aveling  in 
187-3  introduced  a  method  of  imme- 
diate transfusion  in  which  these  diffi- 
culties are  to  a  great  extent  overcome 
by  the  employment  of  the  apparatus 
which  is  shown  in  operation  in  Fig. 
134. 

^  Aveling's  transfusion  apparatus  con- 
sists of  two  silver  bevel-ended  tubes,  one 

of  which  is  introduced  into  the  vein  of  the  donor,  the  other  into  that  of  the 
recipient.  The  vein  shonld  be  o]3ened  as  recommended  by  Aveling,  by  e.xpos- 
ing  the  vessel,  and  then  making  a  sharp  cut  into  it  (Fig.  135),  otherwise  it  is 
almost  impossible  to  insert  a  cannula  into  the  collapsed  vein  of  the  recipient. 
The  india-rubber  part  of  the  apparatus  is  filled  with  warm  water,  which  is 
retained  there  by  turning  the  two  stop-cocks.  It  iB  then  fitted  on  to  the 
tubes  in  the  veins,  and  the  stop-cocks  opened.  ■  The .  india-rubber  tube  on  the 


Fig.  Introduction  of  Tran.sfusion- 

pipe  into  Vein. 
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side  of  the  donor  is  then  compressed,  and  the  bulb  slowly  squeezed,  so  as  to 
empty  the  water  which  it  contains  into  the  recipient  vein.  The  tube  on  the 
recipient's  side  is  then  com]ire8sed,  and  that  on  the  donor's  opened  ;  the  bulb 
slowly  fills  with  blood,  which  is  then  injected  by  compressing  the  douor's  and 
opening  the  recipient's  end  of  the  tube,  and  so  alternately  until  a  sufficient 
quantity  is  thrown  in.  J^ach  compression  of  the  bulb  throws  in  three  drachms 
of  blood. 

In  the  absence  of  Avcling's  apparatus  immediate  transfusion  can  be  carried 
out  without  difficulty  by  means  of  two  cannulte  of  glass  or  metal  connected 
by  means  of  an  iiidia-rubber  tube.  The  difference  in  pressure  in  the  ^'eins  of 
the  donor  and  the  recipient  is  quite  sufficient  to  cause  the  blood  to  flow 
through  the  tube. 

A  very  ingenious  apparatus  was  exhibited  in  this  country  in  3877  by 
Dr.  Eoussel  of  Geneva.  It  is,  however,  too  complicated  and  too  likely  to  get 
out  of  order  to  be  of  much  practical  use. 

In  case  no  special  apparatus  is  at  hand  the  Surgeon  may  readily  perform 
the  operation  of  mediate  transfusion  with  an  ordinary  hydrocele  or  aspirator 
syringe,  and  it  is  then  safer  to  defibrinate  the  blood  to  avoid  the  accidental 
introduction  of  clots  into  the  circulation.  Panum,  of  Copenhagen,  has 
clearly  shown  by  numerous  experiments  that  the  fibrin  is  not  in  any  way 
essential  to  the  success  of  the  operation.  He  recommends  that  the  blood  be 
drawn  into  a  cup  kept  warm  in  a  basin  of  hot  water.  It  is  then  to  be  gently 
whijDped  with  a  clean  glass  or  metal  rod,  filtered  through  a  fine  linen  cloth,  and 
injected.  The  most  essential  part  of  the  blood  is  the  red  corpuscles,  which  are 
wanted  to  serve  as  carriers  of  oxygen.  The  removal  of  the  fibrin  in  this  way 
materially  facilitates  the  operation.  The  transfusion  of  defibrinated  blood  is, 
however,  always  followed  by  some  febrile  disturbance  which  may  be  con- 
siderable if  the  amount  of  blood  injected  is  more  than  a  few  ounces.  The 
fever  is  believed  by  Bergmann  to  be  due  to  the  excess  of  fibrin-ferment  set 
free  during  coagulation. 

■^Vhatever  form  of  apparatus  is  used,  care  must  be  taken  to  ])revent  the 
accidental  injection  of  air  into  the  vein.  The  introduction  of  a  mere  bubble 
of  air  will  not  cause  any  serious  consequences,  although  even  this  should  if 
possible  be  avoided.  All  the  tubes,  therefore,  and  the  cannuhe  must  be  filled  with 
water  before  the  apparatus  is  set  to  work.  If  transfusion  be  determined  on,  it 
should  not  be  delayed  until  the  last  moment,  when  the  agony  of  death  has 
aheady  commenced  ;  for  then  the  functions  of  the  nervous  and  circulatory 
systems  may  be  so  imjjaired  that  the  patient  is  no  longer  recoverable,  or.  if 
temporarily  so,  will  speedily  relapse  and  die. 

Transfusion  has  seldom,  if  ever,  been  of  any  material  service  after  serious 
surgical  operations,  such  as  removal  of  very  large  and  vascular  tumom-.s, 
amputation  at  the  hip,  and  the  like.  In  these  cases  the  patient  is  more  often 
l)erishing  from  shock  than  from  actual  loss  of  blood  ;  and  consequently,  trans- 
fusion fails  to  produce  much  effect.  T^ransfusion  is  best  adapted  to  very  great 
and  sudden  losses  of  blood  from  small  wounds  implicating  a  large  vessel  or 
from  secondary  hsemorrhage. 

Other  fluids  have  been  used  instead  of  blood,  iis  milk,  find  saline  solutions  of 
various  kinds.  Thomas  and  Howe  in  America,  and  Meldou  in  Dublin,  have 
shown  that  a  quantity  of  freshly-drawn  milk,  not  exceeding  Ah  ounces,  may 
be  injected  without  injurious  ciTecfcs.     It  seems  to  possess  few,  if  any. 
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advantages,  however,  ovei-  the  injection  of  a  properly  prepared  sahne  solution. 
vSome  cases  have  lately  been  published  by  Jennings  and  Coates  {Lancet,  1882), 
in  which  this  treatment  has  been  very  successfully  adopted  in  post-jmrtnm 
bjemorrhage.  The  solution  used  was  that  recommended  by  Little  for  the 
treatment  of  cholera  by  saline  injections  into  the  veins,  and  was  composed 
as  follows : — Chloride  of  sodium,  50  grains ;  chloride  of  potassium, 
;>  grains  ;  sulphate  of  soda  and  carbonate  of  soda,  of  each  25  grains  ; 
phosphate  of  soda,  2  grains  ;  water,  1  pint.  The  solid  constituents  may  be 
kept  in  the  form  of  powder  ready  for  immediate  use  when  required.  Two 
chachms  of  absolute  alcohol  may  be  added  if  it  be  thought  desirable.  The 
solution  should  be  of  a  temperature  of  from  98°  to  100°  Fahr.  It  may  be 
injected  by  means  of  a  syringe,  but  a  simple  syphon  apparatus  like  that  used 
for  the  nasal  douche  will  be  found  more  convenient.  This  should  be  fitted  with 
a  properly  shaped  cannula  to  be  introduced  into  the  vein. 

The  blood  of  the  lower  animals  should  not  be  used  for  transfusion,  as 
experiments  have  shown  that  the  corpuscles  break  up  very  rapidly,  thus  causing 
htematinuria,  and  before  breaking  they  tend  to  form  masses  giving  rise  to 
extensive  capillary  embolism  throughout  the  body.  Whatever  fluid  be 
injected,  whether  blood,  milk,  or  the  saline  solution,  the  quantity  must  be 
regulated  by  the  effect.  From  ten  to  fifteen  ounces  will  usually  be  found 
sufficient. 
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CHAPTER  XIV. 


ARREST  OF  ARTERIAL  HEMORRHAGE. 

The  arrest  of  arterial  haemorrhage  is  perhaps  the  most  important  topic 
that  can  engage  the  Surgeon's  attention,  for  on  the  safe  accomphshment  of 
this  the  success  of  every  operation  is  necessarily  dependent.  In  studying  this 
subject  we  must  first  investigate  the  Means  that  are  adopted  by  ISTatm-e  for  the 
Suppression  of  Htemorrhage  ;  and,  secondly,  the  imitation  of  these  by  Surgical 
Art. 

NATUBAL   ARKEST    OF  HEMORRHAGE. 

The  history  of  the  investigations  into  the  means  adopted  by  nature  for  the 
arrest  of  haemorrhage  is  full  of  interest  to  the  Surgeon,  and  is  excellently  given 
in  J.  F.  D.  Jones's  work  on  Hsemorrhage.  No  subject  in  surgery  affords 
stronger  evidence  of  the  advantage  of  the  application  of  *'  Experimental 
Pathology"  to  practice,  than  this,  as  our  knowledge  of  it  has  been  wholly 
gained  by  experiments  on  the  lower  animals  ;  and  by  the  sacrifice  of  the  lives 
of  a  few  dogs,  donkeys,  and  calves,  those  of  hundreds — probably  of  thousands 
— of  human  beings  are  annually  preserved. 

Petit,  who  j)ublished  several  memoirs  on  this  subject  in  1731  and  following 
years,  stated  that  hgemorrhage  Avas  arrested  by  the  formation  of  tw"o  clots — one 
outside  the  vessel,  which  he  called  the  "  Goiwercle,''''  or  Cover  ;  the  other  inside, 
the  " Bouchon"  or  Plug — the  first  being  formed  by  the  last  drops  of  blood 
that  issue,  the  second  by  the  few  drops  that  are  retained.  These  clots  by  their 
adhesion  to  the  internal  coat  of  the  vessel  and  to  the  orifice,  he  said,  stopped 
the  bleeding.  When  a  ligatm'e  is  applied,  a  similar  clot  forms  above  it.  He 
recommended  compression,  and  the  support  of  the  clot. 

Morand,  in  1736,  added  much  of  interest.  He  admitted  the  formation  of 
coagula,  but  insisted  on  the  importance  of  the  changes  in  the  artery  itself  ; 
which,  he  showed,  became  corrugated,  contracted,  and  retracted.  ^Morand 
entertained  erroneous  views  as  to  the  structure  and  functions  of  arteries,  but 
he  established  the  great  fact  that  changes  occur  in  the  arteiy  itself.  Sharp, 
in  the  second  edition  of  his  work  on  Operative  Surgeiy,  pubhshed  in  1739, 
supported  the  same  doctrine. 

Kirkland,  in  1703,  wrote  an  excellent  treatise  on  tlic  subject.  He  showed 
that  heemorrhage  was  lessened  by  swooning,  and  that  an  artery  contracted  up 
to  its  nearest  collateral  branch  ;  and  he  was  of  opinion  that  the  coaguluni  did 
not  arrest  the  bleeding.  His  views  were  adopted  and  supported  by  White, 
Gooch,  Aikin,  and  other  surgeons  of  his  day. 

J.  Bell  took  a  retrograde  step  by  denying  the  retraction  and  contraction  of 
the  artery,  and  the  importance  of  tlie  internal  coagulum,  and  by  attributing 
the  arrest  of  hajmorrhage  solely  to  the  injection  of  the  surrounding  areolar 
tissue  with  blood. 
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It  was  not  until  1805,  that  Jones,  by  a  series  of  admirably  conducted 
investigations,  finally  determined  the  mode  in  which  the  arrest  of  hemorrhage 
takes  place. 

The  Natural  Arrest  of  Arterial  Hcmiorrlmge  is  effected  by  means  that  in  the 
first  instance  are  temjjorary,  but  afterwards  permanent. 

Temporaey  Means. — The  means  which  temporarily  arrest  the  flow  of  blood 
from  an  artery  are  threefold.  If  the  v  essel  be  small,  as  the  facial  or  radial, 
chese  means  are  sufficient  in  many  cases  to  stay  the  haemorrhage  without  the 
mterference  of  the  Surgeon  ;  and,  whatever  be  the  size  of  the  vessel,  his  opera- 
tions are  materially  assisted  by  the  efforts  which  Nature  makes,  though  they 
may  sometimes  be  unsuccessfiil,  to  prevent  a  fatal  escape  of  blood.  They 
consist  in  : 

1.  The  Coagulation  of,  and  an  Alteration  in,  the  Constitution  of  the  Blood  ; 

2.  A  Diminution  of  the  Force  of  the  Heart's  Action  ; 

3.  Certain  Changes  produced  in  and  around  the  Arteiy. 

1.  The  Coagulation  of  the  Blood  in  and  around  the  wounded  artery  is 
the  most  important  means  adopted  by  Nature  for  the  arrest  of  hemorrhage. 
Were  it  not  for  the  property  of  coagulation  possessed  by  the  blood,  that  fluid 
would  continue  to  drain  away  from  any  cut  artery,  however  small,  until  life 
became  extinct.  But  the  coagulation  of  the  blood  is  sufficient  of  itself  in  all 
arteries  below  a  certain  size,  to  close  the  opening  in  the  vessel,  and  so  to  arrest 
the  further  escape.  The  Alteration  that  takes  jjtace  in  the  Blood,  as  v>'aH  first 
pointed  out  by  Hewson,  consists  in  an  increase  of  its  coagulability  as  it  flows. 

2.  The  Diminution  in  the  Force  of  the  Heart's  Action,  owing  to  the 
patient  becoming  faint,  exercises  a  very  material  influence  in  arresting  the 
flow  of  blood  from  an  artery.  The  forcible  manner  in  which  the  jet  of  blood 
is  propelled  at  each  systole  of  the  ventricle,  is  the  principal  obstacle  to  the 
formation  of  an  adherent  blood-clot  around  and  within  the  cut  vessel  ;  for  so 
long  as  the  jet  is  more  powerful  than  the  cohesion  of  the  clot,  it  will  certainly 
wash  the  coagulum  away.  As  the  blood  flows,  and  the  heart's  impulse 
gradually  lessens  ia  force,  the  jet  falls  lower  and  lower  ;  until  at  last,  when 
faintness  comes  on,  it  is  almost  entirely  arrested,  and  time  is  afforded  for  the 
formation  and  the  deposit  of  a  coagulum  in  the  vicinity  of  the  wound.  The 
collapse  consequent  on  excessive  and  sudden  loss  of  blood  may  therefore  be 
looked  upon  as  one  of  the  provisions  of  Nature  for  the  safety  of  the  patient, 
and  should  therefore  not  be  too  speedily  counteracted  by  stimulants  or  in  any 
other  way. 

3.  The  Changes  that  take  place  in  and  around  the  Vessel  itself  are 

those  upon  which  the  final  arrest  of  the  bleeding  is  dependent.  They  consist 
in  the  Retraction  of  the  artery  within  its  sheath,  in  the  Contraction  of  the 
cut  ends,  and  in  the  Formation  of  a  Coagulum  around  its  exterior,  and  in  its 
interior. 

When  an  artery  is  cut  across,  its  longitudinal  elasticity  causes  it  immediately 
to  retract  within  its  sheath,  and  at  the  same  time  its  orifice  is  narrowed  by  the 
contraction  of  the  muscular  fibre  cells  of  the  middle  coat  in  consequence  of  the 
stimulation  of  the  mechanical  violence.  As  the  artery  retracts  the  interior  of 
the  sheath  is  left  rough  and  uneven.  Through  this  uneven  channel  the  blood 
is  projected,  either  flowing  away  freely  externally  or  being  extravasated  into 
the  neighbouring  areolar,  tissue,  according  tp  the  direction  and  state  of  the 
wound.    As  the  blood  flows  over  the  roughened  surface  of  the  sheath,  it. 
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becomes  entangled  in  the  fibres,  and  tends  to  coagulate  upon  them  ;  this 
tendency  to  coagulation  is  favoured  by  the  increased  plasticity  of  the  blood  as 
it  flows,  and  by  the  diminution  of  the  propulsive  force  Avith  which  it  is  carried 
on.  By  the  conjoined  operation  of  these  causes  a  coagulum  is  formed,  Avhich, 
though  lying  within  the  sheath,  is  outside  the  artery,  and  extends  beyond  it ; 
and  is  hence  termed  the  external  coagulum.  It  is  usually  somewhat  cylin- 
drical, and  often  looks  like  a  continuation  of  the  vessel,  being  at  first  perfor- 
ated by  a  hollow  track,  through  which  the  stream  of  blood  continues  to  flow. 
As  it  increases  in  size,  the  track  becomes  closed  by  the  concentric  deposit  of 
coagulum.  The  hollow  track  leading  from  the  surface  of  the  coagulum  to  the 
wound  in  the  artery,  has  been  especially  described  and  dwelt  upon  byAmussat. 
This  coagulum  acts  mechanically  by  blocking  up  the  end  of  the  artery,  and 
thus  constitutes  the  first  barrier  to  the  hsemorrhage. 

Simultaneous  with  the  changes  that  have  just  been  described  is  the  con- 
traction of  the  cut  artery  which  commences  immediately  after  its  division, 
and  may  of  itself  be  sufficient  to  close  a  small  vessel.  Thus,  during  an 
operation,  we  may  often  see  the  mouth  of  an  artery  which,  when  first  cut, 
spouted  out  a  stream  of  blood  as  large  as  a  straw,  gTadually  diminish  in  size 
until  it  ceases  to  bleed,  owing  simply,  to  this  contraction.  In  a  larger  artery 
this  process  is  not  sufficient  conipletely  to  close  the  vessel,  but  merely  gives  its 
cut  end  a  conical  shape,  greatly  diminishing  the  aperture  in  the  artery,  perhaps 
to  the  size  of  a  iiin-hole. 

The  next  change  that  takes  place  is  the  formation  of  the  internal  coagu- 
lum. As  the  open  end  of  the  artery  becomes  obstructed  by  its  own  contraction 
and  by  the  formation  of  the  external  coagulum,  the  blood  is  propelled  with 
more  and  more  difficulty  through  it,  escaping  in  a  small  and  feeble  stream, 
and  at  last  becoming  completely  stationary.  Coagulation  then  takes  place 
within  the  artery,  and  the  clot  that  is  formed  in  this  situation  plays  a 
prominent  part  in  the  permanent  closure  of  the  vessel.  The  internal  coagulum 
is  conical  in  form,  the  base  being  firmly  adlierent  to  the  injured  coats  of  the 
artery  at  the  margin  of  the  aperture  and  the  apex  extending  upwards.  It  has 
no  point  of  attachment  except  by  its  base,  the  apex  and  sides  being  perfectly 
free  ;  at  first  it  consists  merely  of  ordinary  blood-clot,  but  later  on,  as  will 
be  seen  hereafter,  it  undergoes  important  changes.  The  importance  of  the 
internal  coagulum  as  a  temporary  means  of  arresting  hajmorrhage,  though 
great,  has,  I  think,  been  overestimated.  In  fact  it  is  not  formed  until 
the  flow  of  blood  has  been  arrested  by  the  contraction  of  the  artery  and  the 
formation  of  the  external  clot  ;  and  in  some  cases  the  proximity  of  a  collateral 
branch  to  the  cut  end  of  the  vessel  ajjpears,  by  preventing  the  stagnation  of 
the  blood,  to  prevent  its  formation  altogether.  When  it  is  formed,  it  is 
useful  in  acting  as  a  damper  to  break  the  force  of  the  wave  of  blood  against 
the  cut  end  of  the  vessel.  The  contraction  of  the  artery  being  due  to  the 
action  of  the  muscular  coat,  must  necessarily  cease  before  long,  when  relaxa- 
tion of  the  muscular  fibre-cells  takes  place  ;  but  by  this  time  the  vessel  is 
surrounded  externally  by  a  coagulum  between  the  sheath  and  the  external  coat. 
This  clot  having  been  moulded  to  the  artery  in  its  contracted  state  prevents 
the  dilatation  that  would  otherwise  occur. 

After  the  hsemorrhage  from  the  cut  artery  has  been  arrested  temporarily  by 
the  means  that  have  been  indicated,  the  process  of  permanent  occlusion 
commences. 
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Permanent  Closure  of  a  cut  artery  is  effected  by  processes  analogous  to 
those  which  have  been  aheady  described  as  occurring  in  the  union  of  wounds 
in  the  Chapter  on  the  Process  of  Repair  (page  275  et  seq.).  During  the  first  few 
hours  after  the  arrest  of  the  bleeding,  the  internal  coagulum  contracts  slightly 
•uid  becomes  more  adherent  to  the  inner  coat  of  the  artery.    For  the  first 
twenty-four  hours  or  more  the  ordinary  process  of  exudation  with  migration  ot 
the  white  corpuscles  takes  place,  both  from  the  vasa  vasorum  of  the  injured 
artery  and  from  the  vessels  in  the  sheath.    By  the  second  day  therefore  we 
lind  that  the  base  of  the  internal  coagulum  and  the  external  coagulum  m  the 
sheath  have  become  paler  in  colour  from  infiltration  with  migrated  leucocytes ; 
and  exactly  opposite  the  divided  end  of  the  artery  there  may  be  a  small 
nodule  of  colourless  plastic  exudation,  composed  entirely  of  migrated  cells 
held  together  by  coagulated  fibrin.    This  change  therefore  corresponds  to 
that  which  has  abeady  been  described  as  occurring  m  the  early  stages  ot 
union  of  wounds  by  first  intention,  the  only  diftereiice  being  m  the  presence 
of  the  gi-eat  excess  of  blood-clot.    By  the  end  of  the  first  twenty-four  or 
thirty-six  hours,  if  all  goes  well,  the  process  of  the  traumatic  inflammation 
and  the  accompanying  exudation  resulting  from  the  wound  should  have  ceased, 
and  we  then  have  a  firm  mass  of  plastic  exudation  plugging  the  mouth  of  the 
artery  and  surrounding  its  cut  extremity  externally,  and  the  processes  ot 
oenuine  repair  now  set  iu.    Outside  the  vessel  these  consist  merely  ot  the 
vascularization  of  the  "plastic  exudation,"  the  absorption  of  the  blood-clot 
and  the  gradual  development  of  cicatricial  fibrous  tissue,  as  already  described 
(page  279  et  seq.).    It  is  evident  that  if  these  processes  go  on  healthily  and  un- 
disturbed by  further  inflammation  and  exudation,  the  orifice  of  the  wounded 
vessel  is  from  the  first  surrounded  externally  by  a  firm  substance— first,  blood- 
dot  ;  secondly,  plastic  exudation  or  "  coagulable   lymph;"  thirdly,  firm 
\  ascular  granulation-tissue  ;  and,  lastly,  fibrous  scar-tissue.     The  artery 
is  therefore  sealed  externally  as  well  as  internally,  and  these  external 
changes  are  of  equal  importance  with  those  about  to  be  described  as  occur- 
ring inside  the  vessel.    If  inflammation  and  suppuration  take  place  in  the 
wound  from  any  cause,  more  especially  if  decomposition  of  the  discharges 
sets  in  with  breaking  down  of  tlie  external  coagulum,  thus  causing  the 
]iresence  of  septic  matter  in  immediate  contact  with  the  end  of  the  wounded 
artery,  the  injured  vessel  is  no  longer  supported  externally,  and  the  safety 
of  the  patient  will  Avholly  depend  upon  the  changes  oc;curring  within  the 

vessel.  - 

"We  have  already  seen  that  soon  after  its  fonnation  the  base  ot_  the 
internal  coagulum  becomes  infiltrated  with  exudation  from  the  vessels  of  the 
injured  coats  of  the  artery,  and  consequently  becomes  paler  in  tint  than  the 
rest  of  the  clot.  The  internal  coagulum  gradually  extends  further  from  the 
injured  part  of  the  vessel  till,  as  a  rule,  it  reaches  the  nearest  branch  above. 
The  next  change  observed  in  the  clot  is  that  it  shrinks  sliglitly.  The  artery 
also  contracts,  firmly  embracing  the  coagulum.  The  clot  now  becomes 
firmly  adherent  in  every  part  to  the  inner  coat  till  some  difficulty  may  be 
experienced  in  separating  it.  The  contracted  vessel  usually  assumes  a  conical 
shape  ;  but  in  some  cases  I.  have  seen  the  contraction  commence  suddenly, 
the  narrowed  part  being  perfectly  cylindrical  for  about  an  inch.  The  next 
change  observable  is  the  decolorizaiion  of  Ike  clot  This  commences  at  the 
part  which  is  in  contact  with  the  injured  end  of  the  vessel  and  gradually 
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extends  upwards.  The  red  corpuscles  in  the  clot  break  up  and  are  absorbed, 
leaving  a  firm  fibrinous  plug  closely  adherent  to  the  inner  coat  of  the  artery. 
This  process  of  decolorization  is  accompanied  by  still  further  shrinking  ot 
the  clot.  It  is  usually  completed  iu  about  a  Aveek.  The  ultimate  chauges 
consist  in  a  gradual  absorption  of  the  internal  coagulum,  ^vith  development  of 
cicatricial  fibrous  tissue  for  a  greater  or  less  distance  from  the  divided  end,  the 
artery  being  for  a  corresponding  distance  converted  into  a  dense  fibrous  cord. 
In  some  cases  the  complete  obliteration  of  the  vessel  reaches  as  high  as  the 
next  branch  ;  but  in  others  an  extremely  narrow  channel  may  be  found 
extending  some  distance  into  the  contracted  part  of  the  vessel. 

If  these  processes  be  followed  microscopically  in  specimens  obtained  at 
different  periods  from  animals,  the  following  appearances  may  be  observed. 
The  first  exudation  which  forms  at  the  cut  end  of  the  artery  and  infiltrates 
the  base  of  the  clot  differs  in  no  respect  from  the  early  exudation  in  union  of 
a  wound  by  first  intention  ;  it  is  composed  of  migratory  white  corpuscles 
entangled  in  the  meshes  of  coagulated  fibrin.    This  exudation  commences 
immediately  after  the  injury.    By  the  third  day  the  base  of  the  clot  will  be 
more  extensively  decolorized  and  the  microscope  shows  that  this  is  due  to  the 
growth  of  new  cells  which  have  occupied  the  place  previously  filled  by  the 
lower  part  of  the  clot.    The  origin  of  these  new  cells  has  been  a  matter  of 
dispute.    Those  which  infiltrated  the  base  of  the  clot  in  the  fii-st  twenty-four 
hours  are  undoubtedly  migratory  corpuscles  ;  but  it  seems  probable  that  as 
soon  as  the  artery  has  recovered  from  the  damage  done  it  by  the  wound, 
growth  commences  from  the  endothelial  cells  of  the  inner  coat.    These  are 
described  by  Cornil  and  Eanvier  as  multiplying  rapidly  and  penetrating  into 
the  substance  of  the  clot  in  bud-like  processes.    Whatever  the  source  of  the 
new  cells  may  be,  this  much  is  certain  :  that  by  the  end  of  a  few  days  the 
endothelium  can  no  longer  be  recognized  at  the  part  where  they  are  growing, 
and  the  new  tissue  replacing  the  clot  is  in  direct  contact  with  the  elastic  layers 
of  the  inner  coat.    The  mass  of  cells  thus  formed  is  soon  penetrated  by  new 
vessels  springing  from  the  vasa  vasorum  of  the  artery  at  the  wounded  part. 
The  fm-ther  course  of  development  is  identical  with  that  already  described  in 
the  Chapter  on  Repair,  as  occurring  in  the  conversion  of  vascular  "  granu- 
lation-tissue "  into  cicatricial  fibrous  tissue.    The  final  result  of  the  process  is 
that  the  lumen  of  the  artery  for  a  variable  distance  becomes  filled  with  fibrous 
tissue  continuous  with  the  coats  of  the  vessel.    The  development  of  the 
cicatricial  tissue  from  the  granulation-tissue  is  necessarily  accompanied  by 
considerable  contraction,  while  at  the  same  time  the  muscular  coat  atrophies 
from  want  of  use  ;  and  thus  after  some  weeks  or  months  the  end  of  the 
artery  becomes  converted  into  a  thin  cord  of  fibrous  tissue,  which  becomes 
lost  in  the  scar  of  the  external  wound. 

This  development  of  fibrous  tissue  in  the  site  of  the  clot  has  been  described 
as  "  organization  of  the  thrombus,"  but  this  term  is  somewhat  misleading; 
there  is  no  objection  to  using  it,  however,  if  it  be  clearly  understood  what  is 
meant  by  it.  "  A  recent  thrombus  is  composed  of  coagulated  fibrin  entangling 
in  its  meshes  vast  numbers  of  red  corpuscles  and  a  few  white.  It  is  not  now 
supposed  by  any  pathologist  that  the  fibrin  or  the  red  corpuscles  can  take 
any  part  in  the  formation  of  new  tissue.  The  whole  question,  therefore,  turns 
upon  the  fate  of  the  white  corpuscles  in  the  clot,  and,  as  in  the  first  few  hours 
after  its  formation  the  base  becomes  infiltrated  witli  wandering  cells,  this 
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{|uestioii  becomes  merged  into  the  wider  one  of  tiie  part  played  137'  migrating 
leucocytes  in  the  formation  of  new  tissues. '  (See  Eepair.) 

0.  Weber  has  described  in  the  vascularization  of  the  thrombus  the  formation 
of  vessels  communicating  with  the  lumen  of  the  artery  ;  but  subsequent 
observers  have  not  conhrmed  his  views.  It  is  probable,  however,  that  when 
restoration  of  the  channel  of  an  artery  takes  place  after  it  has  been  tied  in  its 
continuity  with  an  absorbable  ligature — an  accident  that  has  occurred  more 
■than  once — the  first  channel  of  communication  from  above  the  ligature  to 
below  may  be  by  means  of  the  new  vessels  formed  in  the  thrombus  during 
organization,  and  that  by  the  subsequent  dilatation  of  these  with  absorption 
of  the  new  tissue  round  them  the  lumen  may  be  completely  restored. 

The  internal  changes  above  described  as  taking  place  in  the  healthy  closure 
of  a  wounded  artery  occur  first  at  the  in  jured  extremity  of  the  vessel,  the 
complete  closure  and  obliteration  not  taking  place  as  high  as  the  next  branch 
till  many  weeks  after  the  actual  divided  end  is  closed,  and  sometimes  not 
occurring  at  all.  During  the  early  period,  the  upper  part  of  the  internal  clot 
serves  the  important  function  of  breaking  the  force  of  the  wave  of  blood  and 
thus  giving  the  necessary  rest  to  the  point  at  which  repair  is  going  on.  In 
order  that  healthy  closure  of  the  vessel  may  take  place  it  is  essential  that 
there  shall  be  an  absence  of  undue  irritation  at  the  cut  end.  If  the  end  of 
the  artery  is  exposed  to  direct  contact  with  decomposing  blood-clot  or  dis- 
charges, inflammation  and  exudation  will  continue,  and,  instead  of  the  firm 
new  tissue  sealing  the  divided  end  of  the  artery,  excessively  soft  granulation- 
tissue  or  merely  puriform  exudation  may  be  formed  :  and  as  nnder  these  con- 
ditions the  external  support,  as  before  stated,  is  also  wanting,  the  safety  of  the 
patient  depends  merely  on  the  adliesion  of  the  blood-clot  higher  up,  and 
secondary  haemorrhage  is  very  likely  to  occur.  A  large  ligature  soaked  in 
septic  matter  or  a  decomposing  piece  of  catgut  in  contact  with  the  injured 
part  of  the  artery  acts  as  an  initant,  prolongs  exudation,  and  softens  the 
reparative  material.  On  the  other  hand  carbolized  catgut  or  silk  in  an  aseptic 
condition  seems  to  cause  little  or  no  irritation  beyond  that  necessarily  resulting 
from  the  mechanical  violence  used  in  its  application. 

The  changes  that  have  just  been  described  are  those  which  take  place  in 
the  proximal  end  of  the  artery.  In  the  distal  end,  occlusion  is  effected 
by  processes  essentially  the  same,  but  the  retraction  and  contraction  of  the 
vessel  are  not  so  complete  and  extensive,  and  the  coagulum  is  usually  smaller 
both  inside  and  outside  ;  in  some  cases,  indeed,  the  internal  coagulum  is 
deficient.  The  less  perfect  closure  of  the  distal  end  may,  as  Guthrie  suggests, 
be  the  cause  of  the  more  frequent  occurrence  of  haemorrhage  from  it. 

Arrest  of  HyEMOERHAGB  from  a  Punctured  or  Partially  Divided 
Artery  is  effected  in  a  somewhat  different  manner  from  that  which  has  just 
been  described,  the  difference  consisting  in  the  changes  that  go  on  in  the 
neighbourhood  of  the  wound.  If  the  wound  in  the  soft  parts  covering  the 
artery  be  of  small  size  and  oblique  in  direction,  so  that  the  blood  does  not 
■  escape  with  too  great  facility,  it  will  be  found  that  the  temporary  aiTcst  of  the 
hasmorrhage  takes  place  by  an  extravasation  of  blood,  occurring  between  the 
artery  and  its  sheatii,  by  which  the  relations  between  the  wound  and  the 
aperture  in  the  sheath  are  altered.  The  direct  effect  of  the  injury  is  to  cause 
some  contraction  of  the  muscular  coat  of  the  vessel,  and  thus  the  blood  finds 
its  way  readily  between  the  sheath  and  the  external  coat,  and  the  stratum  of 
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coagulated  blood  extends  for  some  distance  within  the  sheath,  above  and  below  1 
the  wound,  opposite  to  which  it  is  thicker  than  elsewhere.    Coagulum  may 
likewise  be  formed  in  the  tissues  of  the  part  outside  the  sheath,  by  which  the 
tendency  to  the  escape  of  blood  is  further  lessened. 

The  permanent  closure  of  the  puncture  is  effected  by  processes  analogous  to 
those  which  take  place  in  repair  of  other  tissues.    If  the  wound  be  small  and 
well  closed  by  an  external  coagulum,  and  if  the  force  of  the  heart  be  not  too  , 
great,  the  opening  may  be  closed  without  complete  obliteration  of  the  artery.  ■ 
A  small  layer  of  clot  may  form  internally,  adhering  to  the  wound  in  the 
inner  coat.    Exudation  then  takes  place  from  the  vessels  of  the  external 
coat  and  from  the  sheath  externally,  and  afcer  this  follow  the  ordinary 
processes  of  "  vascularization  of  the  plastic  exudation,"  and  de\'elopment  of 
fibrous  tissue.    Thus  a  small  fibrous  cicatrix  is  formed  in  the  Avail  of  the  1 
vessel.    More  commonly  the  clot  gradually  increases  in  size,  till  the  lumen  of  : 
the  vessel  is  filled  up  opposite  the  womid,  and  then  the  subsequent  changes  1 
described  above  as  occurring  when  an  artery  is  divided  take  place,  and  the  1 
vessel  is  permanently  obliterated  and  converted  at  the  seat  of  obstruction  into 
a  fibrous  cord.    In  order  that  the  wound  in  the  artery  should  unite  simply  by  1 
the  formation  of  a  cicatrix  in  the  coats,  without  obliterating  the  cavity  of  the  1 
vessel,  it  is  necessary  that  it  be  below  a  certain  size  ;  but  this  size  will  vaiy  ( 
according  to  the  direction  of  the  wound.    If  this  be  longitudinal  or  slightly 
oblique,  it  will  be  more  likely  to  unite  in  this  way  than  if  transverse.  Guthrie 
states  that,  in  an  artery  of  the  size  of  the  temporal,  a  small  longitudinal  wound 
may  sometimes  heal  without  obliteration  of  the  vessel,  though  this  very  rarely 
happens  in  larger  arteries.    If  a  large  vessel,  such  as  the  femoral,  be  opened 
longitudinally  to  the  extent  of  one-fourth  of  its  circumference,  there  is  no 
proof  that  the  wound  can  heal  without  obliteration  of  the  cavity  of  the  artery  ; 
but  when  a  longitudinal  wound  in  a  large  artery  is  very  small,  little  more  than 
a  puncture,  closure  may  possibly  take  place  simply  by  its  cicatrization  ;  the 
artery,  however,  always  continues  weak  at  this  point,  and  may  eventually  become 
anem'ismal. 

If  an  artery  of  the  second  or  third  magnitude,  as  the  axillary  or  femoral,  be 
divided  to  one-fourth  or  more  of  its  circumference,  either  fatal  hjemorrhage  or 
the  formation  of  a  traumatic  aneurism  will  take  place,  according  to  the  size 
and  more  or  less  direct  character  of  the  external  wound. 

SUKaiOAL    TKEATMENT    OF   ARTERIAL  HEMORRHAGE. 

The  object  of  the  Surgeon,  in  any  measures  that  he  may  adopt  for  the  suppres- 
sion of  arterial  hemorrhage,  should  be  to  imitate,  or  assist  the  natural  pro- 
cesses, or  to  excite  analogous  ones. 

The  danger  from  arterial  haemorrhage,  and  the  steps  that  should  be  taken 
to  meet  it,  vary  according  to  the  size  of  the  vessel.  In  all  circumstances  the 
Surgeon  should  bear  in  mind  the  excellent  advice  given  by  (Juthrie,  never  to 
fear  bleeding  from  any  artery  on  which  he  can  lay  his  finger,  digital  pressure 
readily  controlling  bleeding  from  the  largest  vessels,  provided  it  can  be 
Fairly  applied  ;  or  the  cut  end  of  the  arteiy  may  be  seized  between  the  finger 
and  thumb.  Thus,  in  amputation  at  the  hip  and  shoulder-joints,  the  assistant 
readily  controls  the  rush  of  blood  from  the  femoral  and  axillary  arteries  by 
grasping  them  between  his  fingers.  Above  all,  the  Surgeon  slinuld  never  dread 
haemorrhage,  nor  lose  his  presence  of  mind  when  it  occurs.    If  recourse  be  had 
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:  to  proper  means,  it  caa  always  be,  at  least  temporarily,  arrested.    On  no 
account  should  any  one  who  pretends  to  the  character  of  a  Surgeon  employ 
inefficient  means  to  stop  it,  and  imagine  that  he  can,  by  covering  up  the  wound 
with  rags,  handkerchiefs,  &c.,  prevent  the  escape  of  blood.    These  procedures 
only  hide  the  loss  that  is  going  on,  and,  by  increasing  the  warmth  of  the  parts, 
I  prevent  the  contraction  of  the  vessels,  and  favour  the  continuance  of  the  bleed- 
:  ing.    Under  all  circumstances,  therefore,  bleeding  wounds  should  be  opened 
i  up,  the  coagula  gently  removed  from  their  surface  by  means  of  a  piece  of  soft 

•  sponge  or  a  stream  of  cold  water,  and  the  part  well  cleaned.    In  this  way 

•  "you  look  your  enemy  in  the  face,"  and  can  adopt  efficient  means  for  the 
1  permanent  arrest  of  the  hEemorrhage. 

The  methods  of  controlling  the  flow  of  blood  temporarily  by  digital  com- 
I  pression  and  by  the  various  forms  of  tourniquet  have  been  fully  described  on 
i  p.  43  etseq.  It  is  usually  necessary  to  have  recourse  to  some  of  these  during  the 
:  application  of  means  intended  to  produce  permanent  arrest  of  the  bleeding. 
The  screw  tourniquet  and  digital  compression  will  usually  be  found  the  most 
'  convenient,  as  the  pressure  can  be  rapidly  relaxed,  in  order  to  guide  the 
:  Surgeon  to  the  bleeding  point,  and  re-applied  if  necessary. 

The  diiferent  means  that  may  be  employed  for  the  jiermanejit  arrest  of 
!  htemorrhage  are  : — 1,  'the  Application  of  Cold  ;  2,  the  Application  of  Hot 
Water  ;  3,  Styptics  ;  4,  Cauterization  with  a  Hot  Iron  ;  5,  Pressure  ;  6, 
Flexion  ;  7,  Torsion  ;  -S,  Forcipressure  ;  9,  Ligature  ;  and  10,  Acupressure. 

1.  Application  of  Cold  is  sufficient  to  arrest  the  general  oozing  of  arterial 
blood  which  is  always  observed  on  a  cut  surface.    The  mere  exposure  to  the 

'  cold  air  of  a  wound,  Avhich  has  bled  freely  so  long  as  it  has  been  covered  up  by 
i  pledgets  and  bandages,  is  often  sufficient.    When  this  does  not  succeed,  the 
;  application  of  a  piece  of  lint,  soaked  in  cold  water,  will  usually  arrest  the  flow 
of  blood.  When  it  is  necessary  to  do  this  speedily,  as  in  some  operations  about 
the  air-passages,  a  small  stream  of  cold  water  may  be  allowed  to  drip  into  the 
wound,  and  thus  cause  rapid  contraction  of  the  vessels,  and  consequent 
cessation  of  bleeding.    In  cases  of  bleeding  into  some  of  the  cavities  of  the 
body,  as  the  rectum,  vagina,  or  mouth,  the  appKcation  of  ice  is  advantageous. 
Its  use  should  not,  however,  be  too  long  continued,  lest  sloughing  occur. 
Indeed,  if  cold  do  not  speedily,  almost  at  once,  arrest  the  bleeding  by 
.  constricting  the  vessels,  it  is  better  to  have  recourse  to  more  efficient  means. 

2.  The  Application  of  Hot  Water  is  a  most  valuable  means  of  arrest- 
■  ing  oozing  during  or  immediately  after  an  operation.    It  is  especially  useful 

in  operations  about  the  face  and  trunk  in  which  it  is  impossible  to  adopt  any 
I  bloodless  method  of  operating,  and  yet  in  which  it  is  important  that  the  view 
of  the  operator  should  not  be  obscured  by  persistent  oozing  of  blood.    It  im- 

•  mediately  arrests  the  free  bleeding  from  small  A  essels  which  follows  the  removal 
of  Esmarch's  bandage.  This  mode  of  treatment  was  introduced  in  America  in 
1879  by  Hamilton,  Brown,  and  Hunter.  Hamilton  applied  water  at  a  temperature 
of  between  150°  Y.  and  1G0°  P.,  by  means  of  sponges  held  in  forceps.  Brown 
recommended  washing  the  whole  wound  with  water  of  the  same  temperature. 

I  Hunter  applied  the  water  at  a  lower  temperature,  125°  F.  to  130"  F.,  which 
can  just  be  endured  by  the  Surgeon's  hands.  All  these  plans  act  very  well, 
and  although  the  heat  is  sufficient  to  whiten  the  surface  of  a  divided  muscle, 
no  evil  consequence  results,  and  union  by  first  intention  is  not  interfered  with. 
If  the  wound  is  being  treated  antiseptically,  a  hot  solution  of  carbolic  acid  1 
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in  40, -or  two  teaspoonfiils  of  tiucture  of  iodine  added  to  a  pint  of  ft-ater  ina\ 
be  used  instead  of  the  simple  hot  water.    Care  must  be  taken  in  emplovinp- 
this  method  of  arrestino-  luuinorrhage,  that  the  water  used  l^e  sufficiently  hot 
otherwise  the  cifect  will  be  merely  to  increase  tlie  bleeding.  ' 

Some  very  interesting  observations  by  Milne  MuiTay  have  clearly  shown  the 
superiority  of  hot  water  to  cold  in  inducing  contraction  of  involuntarv 
muscular  fibre.  They  may  be  briefly  summarised  as  follows  :  After  the  ai)'- 
plication  of  cold  there  is  a  very  distinct  latent  period,  and  contraction  de- 
velops slowly,  while  hot  water  at  a  temperature  of  110°  F.  to  120°  P.  gives  rise  to 
almost  immediate  contraction  rapidly  developed.  Successive  applications  of 
cold  only  induce  contraction  after  a  period  of  rest,  and  the  contractions 
become  diminished  in  efficiency  ;  successive  applications  of  heat,  on  the  othei- 
hand,  are  followed  by  immediate  contraction,  and  the  efficiency  of  the  con- 
traction is  increased  rather  tlian  diminished.  Continuous  application  of  cold 
produces  rapid  exhaustion,  the  muscular  fibre  becoming  completely  relaxed 
and  failing  to  respond,  while  heat  induces  a  high  degree  of  contraction,  broken 
by  periods  of  partial  relaxation  followed  again  by  contraction.  In  Murray's 
experiments  the  uterus  of  the  rabbit  was  chiefly  used,  but  there  is  no  doubt  the 
results  may  be  applied  equally  to  the  muscular  tissue  of  arteries. 

3.  Styptics  are  substances  which  cause  contraction  of  the  vessels  and 
coagulate  the  albumen  of  the  blood,  thus  increasing  the  rapidity  of  forma- 
tion and  the  firmness  of  the  coagulum.    They  are  used  principally  in  oozino- 
from  spongy  parts,  or  in  bleeding  from  cavities  or  organs  to  which  other  ap° 
plications  cannot  readily  be  made.    The  great  objection  to  their  employment 
in  some  wounds  is  their  tendency  to  modify  injm-iously  the  character  of 
the  surface,  and  to  prevent  union  by  the  first  intention.    The  most  useful 
styptics  are  the  solution  of  perchloride  of  iron,  spirits  of  turpentine,  and  o-allic 
or  tannic  acid  ;  the  application  of  alum,  or  touching  a  bleeding  part  with  a 
pointed  stick  of  the  nitrate  of  silver,  is  also  serviceable.    Of  all  these,  the 
solution  of  the  perchloride  of  iron  is  that  most  commonly  used,  and  it  is  un- 
doubtedly a  most  powerful  hEemostatic,  but  it  acts  very  injuriously  on  the 
wound.    The  black  hard  clot  it  forms  with  the  blood  is  very  efficient  in 
arresting  the  bleeding,  but  is  slow  to  come   away  and  delays  heahng. 
Turpentine  is  a  most  valuable  styptic.    It  was  formerly  much  used  and  is  now 
too  much  neglected.  It  is  antiseptic  and  does  little  damage  to  the  surfaces  of  the 
wound.    It  should  always  be  tried  when  possible  before  using  the  perchloride 
of  iron.    In  some  cases  tincture  of  hamamelis  (5j.  or  5ij.  to  5].)  Avill  be 
found  an  efficient  hemostatic.  In  order  to  cq)])!}/  any  stypiic  cjfcctuallj/,  ike  ivound 
should  be  iliorouglthj  cleaned,  and  all  coagula  removed.    A  piece  of  lint  or 
absorbent  cotton-wool,  or  a  s])Ouge  squeezed  as  dry  as  possible,  is  tlien  firmlv 
pressed  on  the  bleeding  S]50t  by  an  assistant,  or  by  the  Surgeon  with  his  left 
hand,  while  another  piece  of  lint  or  cotton-wool  is  soaked  in  the  styptic 
solution,  and  then  squeezed  nearly  dry.    This  must  be  held  by  the  Surgeon  iu 
his  right  hand  either  in  a  pair  of  forceps  or  in  his  fingers.    When  all  is  ready 
the  piece  of  dry  lint  or  sponge  which  lias  been  pressing  on  the  bleeding 
surface  is  rapidly  removed  with  the  left  hand,  and  the  8ty])tic  instantaneously 
applied,  before  the  surface  has  had  time  to  get  wet  with  blood.    It  may  then, 
if  ne(!essary,  be  maintained  in  position  by  the  jm^ssure  either  of  the  finger  or 
of  a  ])ad  and  bandage.    When  the  htuniorrhage  is  from  a  cavity  and  tlie  actual 
lileeding  point  cannot  be  seen,  the  styptic  solution  may  be  injected  by  means 
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of  a  syringe,  or,  in  some  cases,  if  it  proceed  from  a  mucous  caual,  this  may 
be  firmly  plugged  with  liat  soaked  in  tlie  styptic  solution. 

4.  Cauterization  by  means  of  the  red-hot  iron  was  the  mode  of  arresting 
arterial  h^Bmorrhage  most  used  by  the  ancients  and  in  the  Middle  Ages.  It  is  now 
Goniparatively  seldom  employed,  and  should  never  be  made  use  of  when  less 
severe  measures  are  likely  to  succeed.  Yec  in  some  cases  it  is  of  the  most 
unquestionable  utility,  and  superior  to  any  other  means  that  we  possess; 
more  particularly  when  the  hsemorrhage  i)roceeds  from  a  soft  and  spongy 
part  that  will  not  hold  a  ligature,  or  on  the  sui-face  of  which  many  points 
appear  to  be  bleeding  at  the  same  time.  A  somewhat  conical  iron  of 
sufficient  size  should  be  used,  and  the  haemorrhage  will  often  be  checked  more 
efPectually  if  it  be  appHed  at  a  black,  than' at  a  red  or  white  heat.  The  bleed- 
ing surface  must  be  carefully  dried  by  the  pressure  of  a  sponge  or  (if  dry 
cotton-wool  before  the  cautery  is  applied,  otherwise  its  action  is  extremely 
uncertain.  It  is  most  useful,  perhaps,  for  the  arrest  of  capillary  hemorrhage 
from  sloughing  wounds,  but  arteries  of  moderate  size  may  thus  be  closed.  As 
the  actual  cautery  blocks  up  the  artery  by  a  thick  slough  or  eschar  (Fig.  136), 
there  is  always  some  danger  of  a  recurrence  of  s  the  bleeding  when  this  separates, 
and  the  Surgeon  must  be  on  his  guard  about  the  sixth  or  eighth  day  lest  the 
hsemon-hage  break  out  afresh. 

In  some  cases,  however,  in  which  the  cautery  has  been  experimentally 
applied  to  the  cut  end  of  an  artery  removed 
from  a  ii-esh  dead  body,  it  has  been  found  that  the 
eschar  is  formed  of  the  charred  and  shi'ivelled 
external  coat  only,  the  inner  and  middle  coats 
being:  separated  and  turned  up  into  the  lumen   i-'i-  ibo.-a  ivesh  Artery  liom  the 

„    P      ^  „,  .  ,1,    1  1  ^      ilead  body,  cauterized- showing  the 

of  the  artery.    This  result,  however,  does  not    niiu  adherent  eschar, 
seem  to  be  constant. 

The  actual  cautery  has  been  frequently  employed  of  late  years  during  opera- 
tions on  very  vascular  parts  in  which  temporary  an-est  of  the  circulation  is  im- 
possible.  It  has  been  used  chiefly  in  two  ways  :  first  as  the  galvanic  ecraseur,^ 
and  secondly  as  a  red-hot  knife.    The  galvanic  ecraseur  is  simply  a  loop  of 
platiuum-wire  which  can  be  heated  by  electricity  after  being  passed  round  the 
part  to  be  removed.    During  the  operation  the  loop  is  gradually  tightened,  by 
a  screw  in  the  handle  of  the  instrument,  until  the  part  is  removed.  Opera- 
tions performed  in  this  way  are  almost  l)loodless  ;  but  the  instrument,  with 
its  battery,  is  very  cumbersome,  its  action  is  not  certain,  and  secondary 
haemorrhage  is  common  after  its  use ;  consequently  it  is  now  but  httle  employed 
except  for  the  removal  of  nasal  polypi  and  other  small  pedunculated  growths. 
Its  place  has  been  taken  in  larger  operations  by  Paquelin's  red-hot  knife.  This 
is  a  flattened  hollow  blade  with  blunt  edges,  made  of  platinum,  and  fixed  on  a 
handle  connected  by  an  india-rubber  tube  with  a  bottle  containing  benzol. 
The  knife  is  first  made  red-hot  in  a  spirit  lamp,  and  its  heat  is  maintained  by 
blowing  a  mixture  of  air  and  benzol-vapour  into  the  hollow  blade  by  means  of 
an  elastic  ball.    The  benzol-vapour  burns  without  flame,  and  the  heat  can  be 
mamtained  at  any  point  that  is  required  by  driving  in  a  larger  or  smaller 
amount  of  vapour,    (.'are  must  be  taken  not  to  allow  any  of  the  hquid  benzol 
to  get  int(j  the  tube,  or  a  flame  would  flash  from  the  instrument ;  this  is  best 
avoided  by  filling  the  bottle  with  pieces  of  sponge.  The  blade  can  be  replaced, 
if  necessary,  by  cauteries  of  various  shapes.    In  removing  very  vascular 
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growths,  such  as  an  epithelioma  of  the  vulva,  the  knife,  if  at  a  glowing  red 
heat,  arrests  the  flow  of  blood  irom  the  smaller  vessels  only,  leaving  the  larger 
arteries  spouting  from  a  perfectly  dry  surface,  and  they  can  thus  be  seized  and 
tied  without  difficulty,  or,  if  preferred,  touched  with  the  cautery  at  a  dull  red 
heat.  The  surface  left  is  very  superficially  charred,  and  heals  with  little  or  no 
sloughing.  If  it  be  desired  to  arrest  the  flow  of  all  vessels  completely,  the 
knife  must  be  used  at  a  dull  red  heat;  it  then  cuts  more  slowlv  and'ebars 
more  deeply. 

5.  Direct  Pressure  upon  the  bleeding  part  is  a  very  efficient  mode  of 
arresting  h£emorrhage  from  small  arteries.  It  is  not,  however,  equally  applic- 
ii,ble  to  all  parts  of  the  body.  It  can  be  most  readily  applied  when  the  vessel 
has  a  bone  subjacent  to  it,  so  as  to  aflPord  a  point  of  counterpressure,  and  it 
cannot  be  so  readily  employed  in  soft  and  movable  parts,  as  the  throat  or 
periufe.um.  Pressure  may  be  practised  in  various  ways.  Sometimes  the 
uniform  compression  of  a  bandage  is  sufficient  to  arrest  the  hajmorrhage  ; 
thns  oozing  from  an  amputation  wound  may  often  be  stopped  by  laying  down 
the  flaps,  and  applying  a  bandage  rather  tightly  over  them.  Sometimes  a 
weight  applied  upon  this— as,  for  instance,  by  means  of  a  shot  or  sand-bag 
laid  upon  the  part,  ^\dU  tend  still  further  to  arrest  the  bleeding.  In  the 
cotton-wool  dressings  the  elastic  pressure  is  of  great  use  in  an-esting  oozing. 
In  the  case  of  bleeding  from  hollow  cavities,  as  the  rectum,  vagina,  or  nares, 
the  hemorrhage  may  be  arrested  by  the  pressure  of  a  plug  of  sponge  or  lint^ 
to  which  sometimes  a  styptic  may  advantageously  be  added.  When  the 
bsenjorrhage  proceeds  from  the  puncture  of  a  small  or  moderate-sized  artery, 
as  the  temporal,  pressure  should  be  made  against  the  adjacent  bone  bv  means 
of  a  graduated  compress  and  bandage,  and  should  be  continued  until  a  siifficieut 
time  has  elapsed  for  the  vessel  to  be  firmly  plugged  on  each  side  by  an  adherent 
coagulum.  The  graduated  compress  should  be  at  least  an  inch  in  thickness, 
and  made  of  a  series  of  pledgets  of  lint  of  a  circular  shape,  gradually  diminish- 
ing in  size.  It  should  be  applied  Avith  its  pointed  end  resting  over  the  wound 
in  the  vessel.  In  applying  it,  care  should  be  taken  that  the  part  on  which  the 
]3ressure  is  to  be  exercised  has  been  thoroughly  dried  of  all  blood,  and  that 
the  artery  is  commanded  on  the  proximal  side  of  the  wound  by  a  tourniquet, 
or  by  the  pressure  of  an  assistant's  fingers.  A  thick  slice  of  a  phial-cork,  or 
a  threepenny  piece,  wrapped  in  lint,  being  placed  on  the  wound,  the  graduated 
compress  should  be  bandaged  tightly  over  the  whole.  Wlien  applied  in  this 
way,  pressure  acts  by  encouraging  the  formation  of  an  adherent  clot  on  each 
side  of  the  part  of  the  vessel  closed  by  the  force  applied.  The  subsequent 
changes  are  the  same  as  those  already  described  as  occurring  after  spontaneous 
an-est  of  bleeding  (p.  411). 

Whenever  pressure  is  used  to  arrest  arterial  bleeding,  it  must  not  be  for- 
gotten that  if  it  is  applied,  as  it  must  be  to  be  of  any  use,  with  sufficient  force 
to  an-est  the  flow  of  blood  through  the  wounded  artery,  it  must  equally  empty 
all  the  capillai-ies  and  A'cins,  thus  rendering  the  whole  area  pressed  upon  abso- 
lutely bloodless.  AVe  have  before  seen  (p.  I(i5).  that  if  a  part  be  (deprived 
of  blood  for  a.  sufficient  time,  probably  in  the  human  subject  for  between  twelve 
and  twenty-four  hours,  the  re-admission  ol  blood  is  accompanied  by  all  tlie 
phenomena  of  acute  inflammation,  the  intensity  of  the  ])rocess  varying  with 
the  length  of  time  during  which  the  part  has  been  kept  Idoodless  :  and  we  arc 
all  of  course  familiar  with  the  fact  that,  if  the  pressure  be  ai)plied  with  sufficient 
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force  for  a  sufficient  length  of  time,  death  of  the  part  must  follow.  It  is  very 
important,  therefore,  that  pressure  should  not  be  applied  for  a  single  hour 
longer  than  is  necessary  to  ensure  the  safe  plugging  of  the  wounded  artery  by 
an  adherent  clot.  The  experience  of  acupressure  has  shown  us  that  in  a  small 
artery — and  it  is,  of  course,  only  to  small  arteries  that  pressure  is  applied  as  a 
means  of  arresting  hemorrhage — about  twelve  hours  is  a  sufficient  time  to 
ensure  the  closure  of  the  vessel.  A  (jrad'uatPAl  compress  should,  therefore,  nol- 
le kept  firmly  applied  for  more  than  tivelve  hours ;  at  the  end  of  that  time  the 
bandages  should  be  removed  and  loosely  re-applied  without  disturbing  the 
compress,  which  will  be  sticking  to  the  part,  after  which  the  patient  must  be 
kept  very  quiet  with  the  limb  raised  if  the  wound  be  in  one  of  the  extremities. 
The  inflammation  or  sloughing  produced  by  excessive  and  prolonged  pressure 
is  the  cause  of  the  frequency  with  which  arrest  of  bleeding  by  pressure  is 
followed  by  secondary  hfemon-hage. 

In  employing  pressure,  it  must  be  borne  in  mind  also  that,  if  applkd 
accurately  to  the  mouth  of  the  hleecUny  vessel,  the  actual  force  required  to 
stop  the  floiv  of  blood  is  very  small.  In  the  palmar  arch,  for  instance,  less 
than  a  quarter  of  an  ounce  accurately  applied  would  close  the  mouth  of  the 
artery. 

G.  Forcible  Flexion,  as  a  means  of  ai-resting  hfemorrhage  from  the 
arteries  of  the  limbs,  has  in  recent  years  been  advocated  by  Heath  of 
Newcastle,  Adelmann  of  Dorpat,  and  others.  Its  application  is  founded  on 
the  fact,  specially  pointed  out  in  1843  by  Formey,  that  flexion  of  the  arm 
at  the  elbow-joint  weakens  or  arrests  the  pulsation  at  the  wrist.  Malgaigne, 
Yidal,  Fleury,  Fry,  and  some  other  Surgeons,  have  reported  cases  in  which 
the  plan  was  employed  successfully  ;  but  until  lately  the  method  has  attracted 
little  attention.  Heath,  from  a  number  of  experiments  made  by  him  in  the 
Newcastle  Infirmary,  has  found  that  flexion  of  the  arm  at  the  elbow,  or  of  the 
leg  at  the  knee,  diminishes  or  an-ests  the  pulse  in  the  arteries  beyond.  In 
this  respect  he  confirms  the  observations  of  Hyrtl  and  others  ;  but  he  finds 
also  that  in  the  arm  the  process  is  greatly  aided  by  placing  a  piece  of  lint  or  a 
handkerchief  rolled  up  in  the  bend  of  the  elbow  ;  and  in  the  lower  limb,  hj 
bending  the  thigh  on  the  abdomen  at  the  same  time  that  the  leg  is  bent  at  the 
knee.  "Where  flexion  acts  successfully  as  a  means  of  liEemostasis,  as  it  is 
reported  to  have  done  in  several  cases — especially  in  wounds  of  the  palmar 
arteries  and  the  vessels  of  the  fore-arm — it  probably  does  so  by  weakening  the 
current  of  blood,  so  as  to  favour  the  closure  of  the  arterial  wound  in  the 
manner  described  in  speaking  of  the  Natural  Arrest  of  Hasmorrhage.  The 
apparent  simplicity  and  safety  (when  carefully  applied)  of  flexion  render  it 
worthy  of  further  trial  in  cases  of  injury  of  the  arteries  of  the  fore-arm  and 
hand,  or  of  the  leg  and  foot.  A  roll  of  lint  or  other  soft  material  having 
been  placed  in  the  flexure  of  the  joint,  the  limb  should  be  bent  until  it  is 
perceived  that  the  hsemon-hage  is  an-ested,  and  should  then  be  maintained 
in  position  by  means  of  a  handkerchief  or  bandage.  Care  must  of  course  be 
taken  not  to  exercise  too  great  compression,  by  which  gangrene  might  be 
produced.  The  flexion  should  be  kept  up  till  the  Surgeon,  by  careful  examina- 
tion, is  satisfied  that  there  is  no  further  risk  of  heemorrhage. 

7.  ToKSiON  OF  Cut  Arteries  for  the  arrest  of  hgemorrhage  is  mentioned 
by  Galen  ;  but  the  practice  seems  to  have  been  forgotten  until  about  1828. 
It  was  revived  in  France  by  Amussat,  Vclpeau,  and  Thierry  ;  and  in  Germany 
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by  Ericke,  who  experimented  u]jon  .ind  pi-actised  this  method  of  treating 
divided  arteries,  Avith  much  ingenuity  and  pei-severance.  But,  Jiotwithstanding 
the  efforts  made  to  force  it  on  tlie  attention  (jf  Sui-geons,  it  was  gradually 
abandoned,  even  by  its  strongest  advocates.  T(jrsion  has  iiever  come  into 
general  use,  and  has  certainly  been  too  much  neglected,  even  in  this  countiy 
where  it  has  been  more  commonly  adopted  than  elsewhere.  It  may  l>e  prac- 
tised in  various  ways.  Amussat  i-ecommended  that  the  artery  be  di-awn  out 
for  about  half  an  inch  with  one  pair  of  forceps  ;  that  it  then  be  seized  close 
to  the  tissues  with  another  forceps,  and  that  the  end  should  then  be  twisted 
oif  (Fig.  137).  This  plan  was  applicable  only  to  the  lai-ger  arteries,  which 
could  be  cleanly  isolated  from  the  surrounding  tissues.    Thierry  simply  seized 


Fig.  137.— Toisiuu  of  JJniuliial  Artury. 


the  artery  and  twisted  it  in  the  direction  of  its  axis,  and  this  plan  is  un- 
doubtedly most  effectual,  as  the  second  pair  of  forceps  prevents  the  inner  and 
middle  coats  fi'om  being  properly  turned  up  into  tlie  lumen  of  the  A-essel.  Ycl- 
peau  and  Fricke  advised  that  the  end  be  not  taken  off,  but  merely  twisted,  from 
four  to  eight  times,  according  to  the  size  of  the  vessel.  The  former  plan  is 
termed  "  free  torsion,"  the  latter  "  limited  torsion."  In  seizing  the  arter}-  it 
is  particularly  important,  as  Dupuytren  has  pointed  out,  that  the  whole  vessel 
be  grasped  by  the  forceps,  and  that  care  be  taken  not  to  introduce  one  blade 
into  the  open  end  of  the  vessel,  and  thus  twist  only  half  of  it.  llajmoiThagc 
from  the  largest  vessels  may  be  effectually  stop]ied  by  t(u-sion.  Amussat  and 
Velpcau  repeatedly  used  it  to  close  the  femoral,  brachial,  ulnar,  and  radial 
arteries  in  amputations  (jf  the  thigh,  arm,  and  foi'earm  ;  and  moi-e  recently 
Cooper  Forster  and  Bryant,  at  Guy's  Hospital,  and  Callcnder  at  St. 
Bartholomew's,  have  used  it  successfidly  as  the  only  means  of  arresting  arterial 
hsemoiThage  after  operations;  and  their  exiX3rionce  shows  that,  to  say  the  least, 
it  is  as  safe  as  any  other  mode  of  occluding  a  wounded  artery. 
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111  order  to  apply  torsion  successfully,  a  strong  pair  of  forceps,  with 
accurately  fitting  serratuves,  must  i)e  used  (Fig.  138),  and  the  width  of  the 


Fi'_'.  l;;S.— Tovsiou-forceiis. 


blades  should  vary  with  the  size  of  the  artery  to  be  twisted.  In  applying 
torsion  to  a  large  vessel,  it  is  better  not  to  twist  the  end  completely  off ;  three 
or  four  shari?  turns  usually  suffice,  during  which  the  inner  and  middle  coats 
are  felt  to  give  way,  and  all  resistance  to  cease.  Smaller 
vessels  may  be  twisted  till  the  part  included  in  the  forceps 
comes  off.  Even  with  small  vessels  it  will  be  found  that 
the  more  cleanly  the  vessel  can  be  isolated  the  more  cer- 
tainly will  the  bleeding  be  stopped.  Torsion  is  most  easily 
applied  to  large  vessels,  which  can  be  accurately  seized  in 
the  forceps  ;  it  is  most  difficult  with  small  vessels,  especially 
if  they  are  situated  in  dense  structures,  or  in  tissues  in- 
filtrated with  inflammatory  products.  Bryant  states  that 
degeneration  of  the  inner  and  middle  coats  in  no  way 
increases  the  difficulty  in  securing  the  artery,  fewer  turns 
in  fact  being  required  to  close  a  diseased  than  a  healthy 
vessel. 

In  torsion  an  artery  is  placed  in  the  condition  of  one 
that  is  lacerated  or  torn  through.  The  inner  and  middle 
coats  are  ruptm-ed  immediately  above  the  part  seized  in  the 
forceps,  and  are  turned  upwards  into  the  lumen  of  the 
vessel  ;  the  external  coat  is  twisted  into  a  kind  of  screw 
beyond  them  (Fig.  139).  If  a  large  vessel  be  treated  in 
this  way  in  the  dead  body  and  cut  off  about  half  an  inch 
above  the  twisted  part,  it  can  be  seen  by  looking  down  the 
lumen  of  the  vessel  that  the  inverted  inner  and  middle  coats 
completely  close  the  vessel  in  a  manner  roughly  resembhng 
the  closed  aortic  valves.  A  coagulum  forms,  adlierent  at  its 
lower  end  to  the  injured  coats,  and  the  subsequent  changes  within  the  vessel 
are  identical  with  those  already  described  (p.  411)  as  occurring  in  permanent 
occlusion  of  a  divided  artery.  The  twisted  end  becomes  absorbed  after  being 
embedded  in  the  coagulable  exudation  that  unites  the  surface  of  the  wound  in 
the  first  few  hours,  but  it  may  separate  as  a  slough  if  exposed  to  unfavourable 
conditions,  as  in  an  iU-d rained  wound  with  decomposing  discharges,  or  on  an 
open  surface. 

Torsion  and  Ligature  Compared. — The  employment  of  torsion  as  a  sub- 
stitute for  the  ligature  is  advocated  on  three  grounds  :  1,  that,  whilst  equally 
safe,  it  is  more  easy  of  application  ;  2,  that  it  is  less  liable  to  be  foUowed  by 
secondary  hajmoiThage  ;  and  3,  that  when  an  artery  is  closed  by  torsion,  no 
foreign  body  is  left  in  the  wound  that  could  iuterfere  with  its  direct  union. 

Let  us  briefly  examine  the  advantages  claimed  for  torsion  over  the 
ligature. 


Fig.  130.— A  Femoral 
Artoi'y  from  a  fresli 
(lead  body,  twisted 
freely  and  laid 
oiieii.  The  inner 
and  middle  coats 
are  turned  uji  into 
tlie  lumen  of  tlie 
vessel  for  luilf-an- 
incU. 
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1.  So  far  as  ease  of  application  is  ooucerned,  there  can  be  no  doubt  that  the 
advantage  is  m  favour  of  the  ligature.  This  is  very  markedly  the  case  with 
small  vessels  and  those  that  cannot  be  drawn  out  of  their  sheaths.  In  the 
case  of  the  larger  arteries,  that  can  be  denuded  and  drawii  out  of  the  iieigli- 
bouring  tissues,  it  is  at  least  as  easy  to  throw  a  thread  round  the  exposed 
vessel  as  to  twist  it  np  securely. 

2.  With  reference  to  the  comparative  freedom  from  secondary  ha3mon-hage, 
we  have  few  data  ;  but  all  those  Surgeons  who  have  extensively  emplo}x4 
torsion  agree  in  stating  that  it  is  very  rarely  followed  by  secondary  haemor- 
rhage. The  same  may,  however,  be  said  with  equal  truth  of  the  catgut  and 
other  absorbable  ligatures  which  are  almost  universally  used  at  the  present 
time. 

3.  The  torsion  of  arteries  was  strongly  advocated  on  the  ground  that,  whilst 
quite  as  safe  as  the  ligature,  there  would  after  its  employment  be  less  liabihty 
to  inflammation  and  suppuration,  as  no  foreign  body  was  left  in  the  wound. 
This  argument  was  used  especially  by  Amussat ;  Manec  and  others  maintained 
that  the  twisted  end,  of  a  large  artery  at  any  rate,  is  in  reality  a  foreign  body. 
At  the  present  day,  when  the  treatment  of  wounds  is  so  much  better  under- 
stood than  it  was  in  their  time,  these  arguments  are  of  but  little  practical  im- 
portance. We  know  that  a  piece  of  dead  tissue,  the  size  of  the  twisted  end  of 
an  artery,  becomes  speedily  buried  in  the  plastic  exudation  that  forms  during 
the  first  twenty-four  hours  after  the  infliction  of  a  wound,  piwided  that  the 
cavity  is  properly  drained,  and  the  surfaces  brought  accurately  together  and 
kept^  at  rest ;  and  that  under  these  circumstances  it  is  readily  absorbed  without 
causing  inflammation  or  suppuration.  In  fact,  it  acts  as  an  iiTitatuag  foreign 
body  only  when  it  remains  uncovered  and  undergoes  decomposition.  The 
same  is  true  of  the  absorbable  hgatures  in  common  use  at  the  present  day. 
On  the  other  hand,  the  old  silk  ligature,  the  ends  of  which  were  left  hanging 
out  of  the  AYound,  infallibly  acted  as  an  in-itant,  and  excited  suppm-ation  iu 
its  track.  Torsion,  therefore,  undoubtedly  presents  advantages  over  the  old 
silk  ligature,  and  is  equally  safe  and  no  more  likely  to  interfere  with  primaiy 
union  than  an  absorbable  hgature.  The  latter  possesses,  hoAvever,  the  advan- 
tage of  much  greater  ease  of  application,  and  is  therefore  preferred  by  the 
majority  of  Surgeons. 

8.  FoECi-PKESSURE  is  a  mode  of  arresting  hEemorrhage  which  has  been  re- 
commended as  of  use  in  certain  cases  by  Sir  Spencer  Wells,  Koeberle,  and 
Pean.    It  consists  in  seizing  the  end  of  the  vessel  in  a  pair  of  forceps  having 
strong  short  blades  somewhat  deeply  serrated,  and  long  scissor  handles  ])r(i- 
vided  with  a  catch  (Fig.  140).    The  forceps  can  be  closed  with  suflicient 
force  to  crush  the  end  of  the  A-essel  between  the  blades.     The  fonu  of 
forceps  represented  in  the  flgure  is  that  invented  by  Sir  Spencer  Wells,  which 
is  certainly  the  most  convenient  and  efficient.    The  use  of  these  forcejis  as  a 
temporary  means  of  arresting  hfemorrhage  has  been  already  alluded  to.  When 
used  in  this  way  it  will  frequently  be  found  that,  on  relaxing  their  hold  after 
a  few  minutes,  no  bleeding  takes  place.    Under  these  circumstances,  experi- 
ence shows  that  the  closure  of  the  vessel  is  as  safe  as  that  eflccted  by  torsidii. 
Should  the  Surgeon  wish  to  make  the  arrest  of  bleeding  still  more  certain,  he 
may  give  the  forceps  a  few  turns  while  removing  them,  and  thus  apply 
torsion.    Forci-pressui-e  is  occasionally  useful  in  deep  Avounds  in  which  a 
ligature  cannot  be  applied.   In  these  cases,  in  order  to  make  the  closure  of  the 
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\  essel  more  certain,  the  forceps  may  be  left  in  the  wound  for  twelve  or  twenty- 
four  hours  and  then  carefully  removed. 

;).  Ligature  is  the  means  to  which  Surgeons  commonly  have  recourse  for 
the  aiTcst  of  hajmorrhage  fi-om  wounded  arteries. 

The  Ligature  was  undoubtedly  employed  to  a  considerable  extent  by  the 
later  Roman  Surgeons,  and  is  frequently  mentioned  by  Celsus.  With  the 
decline  of  Surgery  dm-ing  the  dark  ages  it  fell  almost  completely  into  disuse, 
i;i^ing  way  to  such  barbarous  and  inefficient  means  as  the  employment  of  the 
actual  cautery,  the  performance  of  operations  with  red-hot  knives,  or  the 
application  of  boiling  pitch  or  molten  lead  to  the  freshly  cut  surface.  It 
seems,  however,  never  to  have  been  altogether 
abandoned.  Almost  every  surgical  writer  of  any 
importance  fi'om  the  time  of  Celsus  to  the  fifteenth 
century  mentions  the  ligature,  and  most  recom- 
mend its  use  in  accidental  wounds  of  large 
vessels.  It  was  only  in  amputations  that  the 
rule  was  absolute  to  use  the  cautery,  and  this, 
as  Pare  tells  us,  was  "  not  only  to  stay  the  flux 
uf  blood,  but  chiefly  to  correct  the  mahgnity 
or  gangTenous  putrefaction  which  might  spoil 
the  neighbouring  parts."  To  what  extent  the 
ligatm-e  was  used  before  the  sixteenth  century  it 
is  difficult  to  determine,  but  that  it  was  a  re- 
cognised mode  of  treatment  of  hsemorrhage  is" 
clear.  In  1552  Ambroise  Pare,  Sm-geon  to  the 
King  of  France,  first  practised  the  application 
of  the  ligature  to  the  divided  vessels  in  ampu-  i^^^yill 
tations,  and  advocated  its  use  under  all  possible  #^  ^¥ 
circumstances  as  the  safest  and  most  painless  tl  It 
method  of  arresting  arterial  hemorrhage.  But  li  Jr 
so  slowly  did  the  ligature  make  way,  that  Sharpe, 

Surgeon  to  Guy's  Hospital,  writing  in  1761,  two  uo.-iorci-pressui-e  forcers, 

centuries  after  its  re-introduction  by  Pare,  found 

it  necessary,  in  his  well-known  work,  entitled,  "A  Critical  Enquiry  into 
the  Present  State  of  Surgery,"  formally  to  advocate  its  employment  for  the 
arrest  of  haemorrhage  from  wounded  arteries,  in  preference  to  styptics  or  the 
cautery,  on  the  gromid  that  "  it  was  not  as  yet  universally  practised  amongst 
Surgeons  residing  in  the  more  distant  counties  of  our  kingdom."  What, 
it  may  be  asked,  was  the  reason  that  it  took  two  centuries  to  promulgate 
the  use  of  the  simplest  and  most  efficacious  means  we  possess  in  surgery  for 
the  arrest  of  hfemorrhage — a  simple  tying  up  of  a  spouting  artery — a  means 
that  no  Surgeon  could  now  for  a  day  dispense  with  ?  The  reason  simply 
\\'as,  that  Surgeons  were  totally  ignorant  of  the  means  employed  by  Nature 
for  the  occlusion  of  arteries,: ;  that  they  consequently  did  not  know  how  to 
apply  a  ligature  to  these  vessels,  or  what  kind  of  ligature  should  be  used  ; 
and  that,  in  their  anxiety  to  avoid  the  occurrence  of  secondary  ha3morrhage, 
and  to  make  all  safe,  they  fell  into  the  very  errors  they  would  have  en- 
deavoured to  avoid,  had  they  been  acquainted  with  the  nature  of  the  pro- 
cesses by  which  the  closure  of  the  artery  and  the  separation  of  the  thread 
arc  effected. 
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Between  twenty  and  thirty  years  after  tlie  time  at  wliich  81)arpe  wj-ote 
Hunter  introduced  tliat  great  imi)roveinent  in  the  surgical  treatment  of 
aneurism— tlie  deligati(m  of  tJ.c  artery  at  a  distance  from  the  sac,  and  in  a 
healthy  part  of  its  course ;  but  this  great  accession  to  tlie  treatment  of  a  most 
formidable  disease  was  but  coldly  received,  and  ran  some  risk  of  being  lost  to 
the  world  in  consequence  of  the  ill-success  that  attended  the  earlier  operations. 
In  Hunter's  first  operation,  four  ligatures  were  used,  each  of  which  was 
applied  so  slackly  as  merely  to  compress  the  artery,  in  order  to  avoid  too 
gi-eat  a  degree  of  pressure  at  any  one  point ;  and  the  artery  was  denuded,  so 
that  a  spatula  could  be  passed  imder  it.  Altliough  in  his  subsequent  operations 
Hunter  contented  himself  with  employing  but  one  ligature,  yet  s(imetimes  the 
vein  was  included  in  this  ;  and  he  did  not  draw  the  noose  tight  for  fear  of 
injuring  the  coats  of  the  vessel,  in  accordance  with  the  doctrine  of  the  day- 
Surgeons  generally  at  this  time  being  haunted  by  the  dread  of  injuring,  and 
thereby  weakening,  the  coats  of  the  artery ;  and,  in  order  to  avoid  doing  so. 
they  adopted  modes  of  treatment  that  almost  infallibly  led  to  ulceration  of  tlie 


vessels  and  consecutive  hEemon-hage.  The  employment  of  seA'eral  ligatures  of 
reserve,  applied  slack — the  use  of  broad  tapes — the  interposition  of  plugs  oT 
cork,  wood,  agaric,  or  lead,  or  of  rolls  of  lint  or  plaster,  between  the  thread 
and  the  vessel,  were  some  amongst  the  plans  that  were  in  common  use.  And 
how  can  we  be  sui-prised  that  the  patients  perished  of  htomorrhage,  and  that 
ligature  of  the  vessel  was  nearly  as  inefficient  and  fatal  a  means  of  arrestini: 
bleeding  as  the  use  of  a  cautery,  or  of  a  button  of  white  vitriol 

Jones,  by  an  appeal  to  cxjierimcnt,  and  by  means  of  a  series  (if  admirably 
conducted  investigations  on  living  animals,  showed  that  the  very  point  which 
Surgeons  were  anxious  to  avoid — the  division  of  the  coats  of  the  vessel  by  the 
tightening  of  the  noose — was  that  on  which  the  patient's  safety  depended he 
.also  pointed  out  the  form  and  size  of  ligature  that  was  most  safe,  the  degree 
of  force  with  which  it  should  1)0  a])plied,  and  the  processes  adopted  by  Nature 
for  tlie  occlusion  of  the  vessel.  Thus  a  more  rational  practice  was  introduced, 
and  then,  for  the  first  time,  Surgeons  had  full  confidence  in  the  use  of  the 
ligature. 
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Application  of  the  Ligature.— The  mode  of  applicatiou  of  the  ligature 
varies  according  as,  1,  the  cut  end  of  the  artery  has  to  be  tied  in  an  open 
wound,  or  as,  2,  the  vessel  has  to  be  secm-ed  in  its  continuity. 

1  When  the  divided  vessel  in  an  open  wound  has  to  be  tied,  as  after  an 
-amputation,  the  mouth  of  the  artery  must  be  seized  and  drawn  forwards  (Fig. 
141)  For  this  purpose  a  tenaculum,  or  sharp  hook,  was  formerly  used,  and 
answered  the  purpose  very  weU.  There  are,  however,  some  objections  to  this 
instrument ;  thus,  it  occasionally  seizes  other  tissues  with  the  artery,  and,  as 
it  draws  the  vessel  forwards  by  perforating  its  coats,  it  has  happened  that,  an 
•accidental  puncture  having  been  made  by  it  behind  the  part  to  which  the 
ligature  is  applied,  ulceration  of  the  vessel  and  subsequent  fatal  hemorrhage 
have  ensued,  as  I  have  seen  in  one  case.  The  most  convenient  iustrument  for 
the  purpose  of  drawing  forward  the  artery,  and  one  to  which  no  objection 


FiV.  14-2.— Li.st()U'.s  "Bnll-ilog"  Foiwps,  modilifd.  Fig.  143.— Tlic  Ligatiuv,  or  reef-knot. 


whatever  applies,  is  Listen's  "  bull-dog  "  forceps.  These  have  been  conveni- 
ently modified  by  having  the  blades  expanded  just  above  the  points  (Fig.  142), 
so  that  the  ligatm-e  can  be  slipped  over  thek  end  on  to  an  artery  that  is  deeply 
seated,  as  between  bones  or  close  to  the  interosseous  membrane  of  the  leg — a 
situation  in  which  it  is  sometimes  troublesome  to  tie  a  vessel  by  any  other 
means'. 

In  applying  the  ligature,  care  must  be  taken  that  it  be  put  well  over  the  cut 
end  of  -the  artery,  that  it  clear  the  points  of  the  forceps,  and  that  it  be 
tied  tightly  in  a  reef-knot,  which  will  not  slip  (Fig.  143).  As  the  knot  is 
tightened,  the  tips  of  the  forefingers  should  be  in  close  contact  with  the 
points  of  the  forceps,  and  be  pressed  slightly  downwards  on  the  arteiy,  other- 
wise the  vessel  may  be  dragged  forwards  out  of  its  bed,  or  the  forceps  pulled 
off  it.  In  some  cases  the  bleeding  point  may  be  so  situated,  that  the  ligature 
is  most  conveuiently  passed  under  and  round  it  by  means  of  an  ordinary 
curved  needle. 

After  the  ligature  is  tied,  the  ends  must  be  cut  off  or  left  according  to  the 
nature  of  the  material  employed. 

2.  When  the  artery  has  to  Ijc  ligatured  in  its  continuity  at  the  injured 
spot  for  a  wound  which  does  not  completely  divide  it,  it  must  be  exposed  by 
'  as  careful  a  dissection  as  the  state  of  the  ]3arts  Avill  admit  ;  the  wound  being 
enlarged,  if  necessary,  in  siach  a  direction  as  to  do  the  least  possible  injury  to 
suiTounding  structures. 

If  for  any  reason  a  Surgeon  determine  to  apply  a  ligature  at  a  distance 
fi-om  the  seat  of  the  disease^or  injury,  he  selects  that  part  of  the  vessel  which  is 
best  adapted  to  the  operation,  and  guided  by  his  anatomical  knowledge  exposes 
it  in  the  chosen  spot.  The  definite  operations  by  Avhich  each  of  the  main 
arteries  may  be  exposed  and  tied  will  be  described  in  the  Chapter  on  the 
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treatment  of  Special  Aneurisms  ;  but  the  general  principles  which  guide  the 
Nurg-eon  in  the  application  of  a  ligature  to  a  large  artery  in  its  contiimity  Mill 
be  given  here. 

Whenever  it  is  possible,  tlic  ligature  should  be  applied  at  some  distance 
h-om  any  branch,  in  order  that  tlie  formation  of  the  internal  coagulnin  may 
not  be  interfered  with,  either  by  the  stream  of  blood  leaving  the  main  trunk 
immediately  on  the  proximal  side  of  thehgatnre,  or  entering  it  by  means  of  tlie 
collateral  circulation  on  the  distal  side.  When  this  is  impossible,  it  is  safer 
to  apply  the  ligature  on  the  proximal  side  of  the  branch,  so  that  a  clot  may 
be  formed  above  it  and  protect  the  injured  part  of  the  vessel  from  the  direct 
impulse  of  the  stream  of  blood  from  the  heart.  In  some  cases,  esjiocially  if 
the  anastomosing  vessels  are  very  abundant,  it  would  be  safer  tfj  Ugature 
the  branch  also  close  to  the  main  trunk. 

Other  things  being  equal,  that  part  of  the  artery  is  to  be  chosen  which  is 
most  superficial,  and  in  relation  witli  the  fewest  important  structures.  Thus 
the  point  selected  in  the  carotid  is  above  the  omo-hyoid,  and  the  superficial 
femoral  is  always,  when  possible,  tied  in  preference  to  the  pophteal. 

Having  determined  the  point  to  ^vhich  the  ligatm-e  is  to  be  applied,  the 
operator  first  makes  an  incision  through  the  skin  and  fat  to  the  deep  fascia  ; 
he  then,  by  careful  dissection,  exposes  the  sheath  of  the  vessel,  and  finally 
opens  the  sheath  and  passes  the  anem-ism  needle  between  it  and  the  external 
coat. 

The  first  incision  is  usually  made  in  the  course  of  the  vessel ;  for  in  most 
parts  of  the  body  the  chief  nerves,  veins,  and  muscles,  run  in  the  same  line  as 
the  main  artery.  When,  however,  an  incision  in  the  fine  of  the  artery  ^-ould 
injure  important  parts,  the  Sm-geonmust  make  an  obhque  or  transverse  wound, 
the  direction  lieing  determined  by  the  anatomical  relations  of  the  part.  Thus 
in  ligature  of  the  brachial  at  the  Jjend  of  the  elbow,  the  incision  is  made 
across  the  line  of  the  artery,  in  order  to  avoid  the  median  basilic  vein  ;  and  in 
ligature  of  the  external  iliac  it  is  made  nearly  parallel  to  Poupart's  ligament  to 
facilitate  the  retraction  of  the  peritoneum  in  exposing  the  artery.  In  making 
the  incision,  the  Surgeon  is  guided  by  some  fixed  line  known  as  the  "  directing 
or  guiding  line.''''  In  some  cases  this  corresponds  with  the  anatomical  line  of 
the  artery,  as  in  the  ojieration  for  hgature  of  the  auterior  tibial  ;  in  others  it 
is  distinct  from  this,  having  reference  rather  to  the  structm-es  which  have  to 
be  turned  on  one  side  to  expose  the  vessel.  Thus  in  the  operation  for  ligature 
of  the  carotid  artery,  the  directing  line  for  the  first  incision  is  the  inner  edge 
of  the  sterno-mastoid,  while  the  line  of  the  artery  is  from  midway  between  the 
angle  of  the  jaw  and  the  mastoid  process  to  the  sterno-clavicular  articulation. 
Both  the  anatomical  line  of  the  artery  and  the  surgical  directing  line  should  be 
carefully  studied  and  kept  in  mind. 

In  making  the  first  incision,  the  skin  should  be  put  on  the  stretch  by  the 
fingers  of  the  left  hand.  The  length  of  the  incision  will  iiecessarily  vary  with 
the  depth  of  the  artery  and  with  the  amount  of  superficial  fat  ;  but  it  must 
always  be  sufficient  to  give  the  opei-ator  a  clear  view  of  Avhat  he  is  doing  in 
the  deeper  dissection.  If  the  artery  be  superficial,  or  if  there  be  parts  of 
importance  in  its  vicinity,  the  first  incision  should  not  penetrate  deeper 
than  the  skin.  But  if  the  vessel  be  deeply  seated  and  no  parts  of  importance 
intervene,  it  may  be  carried  at  once  through  the  subcutaneous  areolar  tissue, 
until  the  fascia  is  exposed.    This  must  then  l)e  pinched  up  with  the  forceps, 
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and  opeued  by  the  edge  of  the  scalpel  laid  horizontally  (Fig.  5,  p.  41).  Through 
this  opening  a  grooved  director  may  then  be  passed,  and  the  fascia  incised  upon 
it,  without  risk  to  subjacent  parts  ;  or  the  fascia  may  be  carefully  divided  by 
the  method  described  on  p.  42,  Fig.  6. 

If  the  vessel  be  superficial,  its  sheath  will  come  into  view  as  soon  as  the 
deep  fascia  is  divided,  and  the  operator  proceeds  at  once  to  clean  the  artery 
and  to  pass  the  ligature  ;  but  if  it  be  more  deeply  seated,  the  dissection  must 
be  continued  till  the  vessel  is  exposed.  In  carrying  out  the  deeper  dissection, 
[he  Surgeon  is  still  guided  by  definite  anatomical  points,  each  of  which  must 
1)6  made  out  in  order,  and  clearly  recognized.  Malgaigiie  gave  these  the  name 
of  the  "rallying points"  of  the  operation,  and  laid  down  the  following  excel 
lent  rule  :  "  The  Surgeon  should  not  at  once  set  himself  to  look  for  the 
arteiy,  but  should  seek  solely  the  first  rallying  point  ;  then  the  second,  then 
the  third,  if  there  is  one  ;  and  so  on,  till  he  reaches  the  vessel."  Thus  in  the 
operation  of  ligature  of  the  carotid,  the  first  rallying  point  is  the  inner  edge 
of  the  sterno-mastoid,  and  until  that  is  made  clear,  nothing  else  should  occupy 
the  operator's  mind  ;  the  second  point  is  the  upper  border  of  the  anterior 
lielly  of  the  omo-hyoid,  and  it  is  not  till  this  is  found  and  drawn  downwards, 
that  the  artery  itself  need  be  thought  of.  During  the  deeper  dissection 
the  wound  must  be  held  open  with  blunt  hooks  or  copper  spatulse,  and  this 
duty  should  if  possible  be  entrusted  to  a  single  assistant.  If  two  undertake 
it,  one  is  sure  to  pull  more  strongly  than  the  other,  and  thus  disturb  the 
relation  of  the  superficial  ^vound  to  the  deeper  parts. 

Having  reached  the  sheath,  the  next  step  of  the  operation  consists  in 
exposing  the  artery,  and  is  one  of  great  delicacy.  The  object  of  the  operator 
is  to  open  the  sheath  in  such  a  way  that  the  needle  can  be  passed  between  it 
and  the  external  coat,  and  at  the  same  time  to  separate  the  artery  from  its 
sheath  for  as  short  a  distance  as  possible.  Separation  of  an  artery  from  its 
sheath  cuts  off  the  blood-supply  of  its  coats,  as  this  is  derived  from  the  vasa 
^•asorum  Avhich  ramify  in  the  sheath  ;  if,  therefore,  the  artery  be  separated 
extensively,  the  isolated  ])art  will  slough.  At  the  same  time,  it  is  very 
important  that  the  artery  be  really  separated  cleanly  from  the  sheath,  as  if 
this  is  done  a  smaller  amount  of  tissue  is  included  in  the  ligature,  and  the 
division  of  the  inner  and  middle  coats  is  more  perfectly  effected.  Perfect 
cleaning  of  the  artery,  moreover,  greatly  facilitates  the  passage  of  the  needle. 
If  we  cut  an  artery  through,  it  retracts  within  its  sheath,  leaving  that  attached 
to  the  sm-rounding  parts.  This  clearly  shows  that  the  sheath  is  more  adherent 
to  the  surrounding  parts  than  to  the  external  coat,  and  that  the  loosest  tissue, 
through  which  the  needle  wiU  pass  most  readily,  is  that  between  the  sheath 
and  the  outer  coat.  In  fact,  if  the  artery  be  properly  cleaned,  it  is  very  un- 
likely that  any  accident  will  happen  in  passing  the  needle. 

It  must  not  be  forgotten  that  some  of  the  larger  arteries  arc  enclosed  in  a 
sheath  derived  from  the  fascia  of  the  part,  and  it  is  important  not  to  confound 
this  with  the  true  sheath.  Thus,  the  carotid  artery  is  enclosed  in  the  sheath 
of  cervical  fascia  common  to  it,  the  jugular  vein,  and  the  pneumogastric  nerve, 
and  in  this  case  the  operator  will  have  to  open  the  true  sheath  of  the  artery 
after  having  exposed  it  by  opening  the  common  sheath.  The  sheath  of  an 
artery  may  usually  be  recognized  by  the  small  vessels  that  can  be  seen  ramify- 
ing in  it,  while  the  external  coat  is  almost  white,  like  the  conjunctiva  and 
the  sclerotic  of  the  eye  respectively.    Syme's  rule  in  cleaning  an  artery,  "  to 
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dissect  do-^Mi  till  the  '  white  coat  of  the  A'essel '  comes  into  view,"  is  founded 
upon  this  fact. 

The  sheath  is  opened  by  pinchinf^-  it  up  with  the  forceps  and  apply- 
in<2,-  the  knife  horizontally  {  Fi<i-.  144).  The  point  should  never  be  used, 
nor  the  blade  turned  dowu\\'ards  against  tlie  artery,  as  an  incautious  move- 
ment or  the  mere  pulsation  of  the  vessel  might  cause  it  to  be  wounded.  If 
the  white  coat  of  the  artery  docs  not  come  into  vicAv  at  once,  it  will  be  Ijecause 


Fig.  U4.— Opeuiiig  tlie  Slioiilh.  l-'i}?.  14o.-Gleauiiig  Uic  Ai  ter.v. 


the  sheath  is  not  completely  divided,  and  the  operator  must  then  pinch  it  up 
again  in  exactly  the  same  place,  and  again  cut  the  ai-eolar  tissue  seized  in  the 
forceps.  The  appearance  of  the  white  external  coat,  and  the  exceedingly  loose 
areolar  tissue  which  comes  into  view,  show  him  when  he  has  completely  (tpened 
the  sheath.  He  then  catches  hold  of  the  edge  of  the  opening  he  has  made 
and,  putting  it  on  the  stretch,  proceeds  to  clean  the  arteiy,  gently  separating  it 
from  its  sheath  by  teazing  through  the  loose  areolar  connections  with  the  point 
of  the  knife,  turning  the  back  to  the  artery  (Fig.  145),  and  l)eing  careful  not 
to  expose  more  than  is  necessary,  but  at  the  same  time  to  clean  thoroughly 
the  part  to  be  tied.  Some  Surgeons,  after  opening  ttic  sheath,  prefer  to  clean 
the  artery  with  the  point  of  a  director,  and  there  is  no  doubt  that  if  this 
instrument  be  carefully  used  it  can  be  made  to  do  the  work  efficiently  :  but  it 
is  more  difficult  to  clean  the  artery  thoroughly  with  it  than  with  the  knife. 
During  the  process  of  cleaning,  the  arteiy  itself  must  on  no  account  be  seized 
in  the  forceps,  and  care  must  be  taken  not  to  wound  any  small  lirancb. 
Sliould  this  happen,  the  artery  must  be  tied  on  each  side  of  the  injured  spot. 

The  artery  being  thoroughly  dean,  the  ligature  may  now  be  passed. 
Much  ingenuity  has  been  expended  in  de^•ising  instruments  for  this  inirjiose  ; 
in  the  majority  of  cases  the  common  aneuvisni-ueedle— well  ground  down, 
but  rounded  at  its  extremity— is  all  that  is  required  :  but  occasionally  it 
may  be  advantageous  to  use  a  needle  with  a  small  curve.  To  pass  the 
ligatiure,  the  edge"  of  the  opening  in  the  sheath  must  l)e  held  tightly  m  the 
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forceps  and  pulled  sliglitly  so  as  to  put  it  ou  the  stretch.  The  ueedle  is 
thou  passed  from  the  forceps  (Fig.  146)  ;  as  soon  as  its  point  begins  to 
appear  on  the  other  side  of  the  arteryithe  operator  must  shift  the  forceps  to 
that  side,  and  catching  hold  of  the  edge  of  the  opening  in  the  sheath  must 
.Iraw  it  out  of  the  way  of  the  point  of  the  needle  (Fig.  147).  The  needle 
should  be  passed  without  the  hgature,  and  afterwards  threaded  whenever  this 
is  possible.  lu  very  deep  seated  arteries,  such  as  the  iliacs,  this  is  often  im- 
pi'acticable  ;  it  must  then  be  passed  threaded,  and  the  loop  of  tlie  ligature 
caught  in  a  pair  of  forceps  before  the  ueedle  is  witlulrawn. 

The  ueedle  must  always  be  passed  from  the  most  importatit  structures  in  the 
neighbourhood  ;  thus,  when  a  single  lai-ge  vein  accompanies  the  artery  it  must 
lie  passed  from  this  ;  when  there  is  a  veiu  ou  each  side  and  a  uei-ve  ou  one 


Ki^'.  l+ii.— Passing  the  iieucUe  :  1st  stugc.  l''ig.  iii  .—Massing  tin:  lUieiUe :  iiul  stage. 


side,  it  must  be  passed  from  the  nerve.  If  care  be  not  taken  the  vein  may  be 
transfixed  or  included  in  the  ligature  ;  an  accident  that  has  often  terminated 
fatally  by  phlebitis  or  gangrene.  The  operator  must  be  on  his  guard  not  to 
mistake  any  contiguous  nerve  for  the  artery,  as  has  happened  to  the  most 
experienced  operators  ;  and  also  to  avoid  transfixing  and  tying  a  portion  of  the 
sheath  instead  of  the  vessel,  as  I  have  known  happen  to  a  most  excellent 
Surgeon.  These  accidents  can  scarcely  occm-  iu  a  healthy  state  of  the  parts 
if  the  artery  Ije  thoroughly  and  carefully  cleaned,  and  the  ueedle  passed  actually 
in  contact  with  the  external  coat. 

After  the  ligatiu'e  has  been  passed,  its  two  ends  sliould  be  held  firmly  in  one 
hand  and  the  fore-finger  (jf  the  other  hand  pressed  down  into  the  loop,  while 
an  assistant  feels  tlie  pulsation  of  some  brauch  below,  or  of  the  tumour  in  the 
ease  of  an  aneurism.  If  the  pulsation  is  arrested  by  the  pressure  of  the  finger 
in  the  loop  of  the  ligature,  the  operator  is  sure  that  he  has  got  the  artery,  and 
he  may  tie  the  knot.  The  ends  of  the  ligature  are  then  cut  off  close  or  left 
lianging  out  of  the  wound,  according  to  the  material  of  which  it  is  composed. 

In  ligaturing  an  artery  in  its  continuity  the  injured  portion  is  necessarily 
exposed  to  the  longitudinal  strain  due  to  the  elasticity  of  tlie  artery.  On  the 
other  hand,  when  the  vessel  is  completely  divided  and  (;ach  end  tied  separately 
this  soui'ce  of  disturljance  is  removed.    It  has  been  frequently  suggested  tliat 
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it  would  be  safer  in  all  cases  to  apply  two  ligatures  and  to  divide  tlie  artery 
between  them.  This  practice  has  had  many  advocates,  the  chief  of  whom  iu 
this  country  was  Aberuethy ;  but  it  never  came  into  genei-al  use.  It  has, 
however,  lately  been  revived  by  Walsham  in  St.  Bartholomew's  hospital,  and 
possibly  it  may  be  of  service  in  those  parts  of  the  body  in  which  it  is  not  easy 
by  position  to  relax  the  vessel  and  keep  it  at  perfect  rest  after  it  is  tied. 

Effects  of  Ligature. — The  immediate  effects  on  an  artery  of  the  ajjplica- 
tion  of  a  ligature  with  a  sufficient  degree  of  force  are  the  division  of  the 
internal  and  middle  coats  of  the  A  essel  (Fig  148),  and  the  constriction  of  its 
outer  one.  The  divided  coats  are  separated  for  a  short  distance  from  the 
external  coat  and  turned  upwards  and  downwards  into  the  lumen  of  the  vessel. 


Fig.  148.— Immediate  effects  (if  tin 
Aiiplication  of  a  Ligature. 


Fig.  149. — Femoral  Art<-i  y, 
fifty-six  liours  after  Am- 
putation. 


The  first  change  that  takes  place  after  the  application  of  the  ligatiu'e  is  the 
Pormation  of  the  Internal  Coagulum,  which  is  an  important  part  of  tlie 
process  of  permanent  obliteration  of  the  artery.  For  the  first  few  hours  there 
is  little  if  any  appearance  of  this ;  but,  if  opportunity  offer  to  examine  an  artery 
in  the  human  subject  about  twenty-four  or  thirty-six  hours  after  the  applica- 
tion of  the  ligature,  a  coagulum  will  usually  be  found  extending  some  distance 
from  the  ligature  and  adherent  by  its  base  to  the  injured  part  of  the  vessel. 
The  part  in  immediate  contact  with  the  divided  inner  and  middle  coats  will 
by  this  time  be  found  to  be  of  a  yellowish  or  buff  colour,  owing  to  its  ])eing 
infiltrated  or  replaced  by  the  inflammatory  exudation  which  has  been  poured  out 
in  the  bottom  of  the  cul-dc-sac  formed  by  the  turning  inwards  of  the  divided 
coats.  About  the  third  day  the  clot  (Figs.  141)  and  150)  will  be  found  to  be 
cofiical  in  form,  firmer  in  structure,  and  more  adherent  to  the  inner  coat  of 
the  artery,  and  by  this  time  it  extends  most  frequently  as  far  as  the  nearest 
branch  given  off  from  the  vessel  above  the  ligature.  Its  base  is  more  distinctly 
decolorized,  the  remainder  being  of  a  dark  purple  or  maroon  colour.  Its  apex 
lies  loose  and  floating  in  the  artery. 

The  further  changes  that  occur  within  the  artery  arc  the  same  as  those 
already  described  as  taking  place  in  the  pennanent  closure  of  a  divided  a  csscI 
(p.  411). 

In  some  cases,  there  is  an  imperfect  formation  t)f  the  internal  coagulum.  or 
even  a  total  absence  of  it  should  a  branch  arise  immediately  above  the  liga- 
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tare.  Tu  other  cases  the  insufficient  formation  of  the  coaguliun  is  apparently 
due  to  the  constitutional  condition  of  the  patient.    Sometimes  the  clot  seems 


Fig.  150.-  Ligatiireil 
AvtL'vy  laid  open. 


Kig.  151.  —  Partial 
Absorption  of 
Coagulum  in 
Femoral,  four- 
teen days  after 
Amijutation. 


to  undergo  a  kind  of  disintegration  or  liquefaction  after  it  has  lieen  formed. 
This  I  have  seen  happen  in  a  case  of  ligature  of  the  carotid  artery,  in  which 


Fig.  152. — Femoral  Ar- 
teries, ten  days  aftei' 
Amputation  of  Thigli. 
Death  fioni  I'yii  niia. 


Fig.  153.-  Femoral  Artery, 
six  weeks  after  'Amputa- 
tion. 


death  occurred  from  visceral  disease  ten  weeks  after  the  operation ;  and  in 
the  femoral,  in  cases  of  pyannia  (Fig.  152). 
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When  an  artery  is  li<>atured  in  its  continuity  the  coagulum  formed  in  the 
distal  cul-de-sac  is  seldom  as  abundant  as  that  on  the  proximal  side  of  the 
ligature.  In  other  respects  the  internal  changes  that  occur  are  identical  on 
the  two  sides  of  Lho  ligature. 

The  changes  that  take  place  outside  the  artery  are  of  equal,  ii"  not  of 
greater  importance  than  those  going  on  within.  They  require,  however,  no 
special  description,  for  they  are  merely  the  ordinary  processes  of  repair,  such 
as  take  place  in  the  union  of  a  wound.  As  an  iimnediate  consequence  of  the  in- 
jury necessitating  the  application  of  the  ligature,  or-  inflicted  in  applying  it,  an 
abundant  coagulable  exudation  takes  ]jlace,  and  before  twenty-four  hours  are 
past  the  space  between  the  external  coat  aud  the  sheath  for  some  distance  on 
each  side  of  the  ligature  is  filled  by  firm  "  coagulable  lymph,"  composed  of 
migrated  white  corpuscles  entangled  in  the  meslies  of  coagulated  fibrin. 
The  ligature  itself,  the  injured  part  of  the  artery  and,  in  the  case  of  a  divided 
vessel,  the  part  beyond  the  ligature,  are  speedily  embedded  in  the  same 
material.  The  subsequent  processes  depend  entirely  on  the  nature  of  the 
material  of  which  the  ligature  is  composed,  and  the  success  attending  the 
Surgeon's  effbrts  to  obtain  primary  union  of  the  wound.  If  the  ligature 
itself  is  unirritating  and  the  conditions  necessary  for  primary  union  of  the 
wound  (see  page  275)  are  present,  vascularization  of  the  exudation  commences 
on  the  second  day,  and  the  injured  part  of  the  vessel  is,  before  many  days 
are  past,  surrounded  by  firm  granulation-tissue  developing  into  the  fibrou.<« 
tissue  of  the  scar.  The  ligature,  as  we  shall  see  hereafter,  if  absorbable, 
becomes  penetrated  by  leucocytes  and  disappears,  this  process  being  un- 
accompanied by  acute  inflammation  or  suppuration  ;  and  the  experiments  of 
Tillmanns  and  others  have  shown  that  the  same  process  takes  place  in  the 
portion  of  a  divided  arteiy  beyond  the  ligature.  The  similar  changes  which 
are  taking  place  in  the  nodule  of  exudation-matter  within  the  vessel  can,  under 
these  circumstances,  proceed  without  any  disturbance  from  without.  Under 
such  favourable  conditions  as  these,  secondary  hemorrhage  is  impossible,  and 
thus  it  is  that  statistics  show  that  the  modern  improvements  in  the  treatment 
of  wounds  have  diminished  the  frequency  of  secondary  hajmorrhage  in  the 
same  proportion  as  they  have  diminished  pyaemia  and  other  unhealthy  pro- 
cesses. 

Should  the  ligature  he  composed  of  an  irritating  material  which 
has  to  cut  its  way  tln-ough  the  ligatured  vessel  by  ulceration,  a  localized 
inflammation  with  suppuration  is  kept  up  in  the  immediate  neighbourhood  of 
ithe  injured  part  of  the  artery.  As  a  rule  this  process  is  closely  limited  to  the 
dmmediate  neighbourhood  of  the  ligatui-e ;  ami,  by  the  time  the  noose  ulcerates 
through  the  external  coat,  repair  is  sufficiently  advanced  within  the  vessel  to 
render  it  capable  of  withstanding  the  for(;e  of  the  blood-stream— the  firm 
adhesion  of  the  clot  to  the  inner  coat,  serving  under  these  circurastimces  the 
important  purpose  of  breaking  the  direct  impulse  of  the  wave  of  blood  upon 
the  new  tissue  closing  the  vessel.  There  are  two  sources  of  daiiger  m 
■connection  with  the  coming  away  of  tlie  ligature  :  eithci-  ihe  sloughing  may 
be  too  extensive,  or  the  ulceration  through  the  artery  may  take  place  before 
the  reparative  nv.iterial  within  is  sufiiciently  firm.  Too  extensive  sloughing 
may  arise  when  the  artery  is  tied  in  its  continuity,  from  the  vessel  havmg 
.been  separated  from  its  shesith  to  tf.o  great  an  extent  during  the  dissection 
re(iuired  to  expose  it.  and  its  nutrient  vessels  being  consequently  divided  in 
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^reat  numbers,  so  as  to  deprive  that  portion:  of  the  coats  of  the  vessel  of  its 
vascular  supply  ;  hence  the  clanger  of  passing  a  spatula,  director,  or  the 
handle  of  a  scalpel  under  the  artery,  and  also  of  applying  several  ligatures 
or  a  single  wide  ligature.  When  the  artery  has  been  divided,  sloughing  is 
most  colnnionly  the  result  of  unhealthy  septic  processes  going  on  in  the 
wound,  especially  if  the  artery  have  been  cut  long,  so  that  its  free  end  is 
bathed  in  the  decomposing  discharges.  Premature  ulceration  of  the  vessel 
may  occur  from  the  use  of  too  thick  a  ligature,  which  by  causing  greater 
irritation,  hastens  tlie  process  of  separation  ;  from  excessive  degeneration 
or  inflammatory  softening  of  the  artery  at  the  point  ligatured,  or  from 
unhealthy  processes  occurring  in  the  wound,  especially  the  presence  of  pen  t-up 
decomposing  discharges.  As  soon  as  the  ligature  has  ulcerated  through 
that  portion  of  the  artery  which  is  included  in  its  noose,  it  becomes  loosened 
and  separates  ;  frequently  being  thrown  off  with  the  discharges,  or  becoming 
detached  on  the  slightest  traction.  The  period  of  the  separation  of  the 
ligature  depends  upon  the  size  of  the  artery  and  the  thickness  of  its  coats 
and  of  the  ligature  itself.  From  the  radial  or  ulnar  arteries,  it  is  usually 
detached  by  the  eighth  day  ;  from  the  femoral,  iliac,  or  subclavian,  about  the 
sixteenth  or  twentieth  day.  In  some  cases  the  ligature  will  continue  attached 
for  a  much  longer  period  than  this,  owing  to  the  inclusion  within  its  noose  of 
a  bit  of  fascia,  nerve,  or  inuscular  substance.  In  order  to  hasten  the  separation 
in  these  cases,  moderate  traction  and  occasional  twisting  of  the  ligature  may  be 
practised. 

The  Ligature. — The  best  material  to  use  for  tying  an  artery  has  been  the 
subject  of  much  experimental  inquiry  and  abundant  discussion,  and  can 
hardly  yet  be  said  to  be  finally  determined.  Ligatures  may  be  divided  into 
two  chief  classes  :  first,  those  intended  to  cut  through  the  artery  by  a  gradual 
process  of  ulceration,  and  then  to  be  removed  from  the  wound  ;  and  secondly, 
those  intended  to  become  enclosed  in  the  wound  during  the  process  of  healing, 
and  either  to  remain  permanently  encapsuled  or  to  be  absorbed. 

1 .  Until  about  fifteen  years  ago,  when  absorbable  ligatures  were  re-intro- 
duced into  practice  in  connection  with  the  antiseptic  treatment  of  wounds,  the 
vast  majority  of  Surgeons  made  use  of  ligatures  ivMch  ivere  removed  from  the 
wound  after  Jmvincj  cut  through  the  arterg  hg  a  process  of  ulceration.  The 
material  commonly  employed  with  this  object  was  either  "  dentist's  silk  "  or 
compressed  whip-cord  well  waxed.  The  hgature  was  waxed  for  three  reasons  : 
first,  to  make  it  more  easy  to  tie  when  the  operator's  hands  were  slippery  with 
blood  ;  secondly,  to  prevent  the  danger  of  the  knot  slipping  after  it  had  been 
tied  ;  and  thirdly,  to  render  it  as  far  as  possible  non-absorbent,  and^  thus  to 
prevent  its  taking  up  septic  matter,  and  becoming  needlessly  irritating.  In 
the  absence  of  special  antiseptic  precautions,  however,  this  last  object  is  but 
imperfectly  attained.  The  ligature  always  becomes  impregnated  with  the 
products  of  putrefaction,  and  thus  acting  like  a  seton  produces  a  suppurating 
track  in  its  course.  Inflammation  and  suppuration  arc  thus  kept  up  at  the 
part  of  the  ve«8el  to  which  the  ligature  is  applied  until  it  separates,  and  the 
source  of  irritation  is  thus  removed.  Thus  no  true  repair  can  take  place  out- 
side the  hgatured  vessel  till  after  the  removal  of  the  ligature.  In  the  vast 
majority  of  cases,  however,  the  processes  of  repair  going  on  inside  the  vessel 
arc  quite  sufficient  to  close  the  artery  safely ;  and  thus  hasmorrhage  on  the 
reparation  of  the  ligature  is  of  comparatively  rare  occurrence.    As  has 
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already  been  stated,  the  period  at  which  the  process  of  ulceration  through 
the  external  coat  is  coniplefced  varies  with  the  size  of  the  arter}'  and  tlie 
thickness  of  the  liy'atiire.  Mal.si-aigne  pointed  out  that  the  size  of  tlie  h<;a- 
ture  also  exercises  a  marked  influence  on  tlie  time  at  which  it  comes  away  ; 
the  thicker  the  ligature  the  more  irritation  it  excites,  and  the  sooner  is  tlie 
process  of  ulceration  through  the  vessel  com]:)leted.  It  is  therefore  safer  to  use 
the  finest  thread  possible,  provided  it  is  of  sufficient  strength,  as  thereby  the 
danger  of  premature  separation  is  to  a  great  extent  avoided,  while  at  the  same 
time  the  inner  and  middle  coats  are  more  cleanly  divided.  In  some  rare  cases, 
as  for  example,  when  the  coats  of  the  artery  are  softened  by  inflammation,  it 
may  be  necessary  to  use  a  thicker  ligature  for  fear  of  cutting  through  the 
external  coat ;  but  with  healthy  vessels  the  larger  arteries  require  no  thicker 
ligatures  than  the  smaller.  If  it  be  intended  to  remove  the  Ugature,  one  end 
may  be  cut  short  and  the  other  brought  out  of  the  wound  at  the  most 
convenient  part.  The  ligature  on  the  main  artery  in  an  amputation  may  have 
both  ends  left,  and  knotted  together  as  a  distinguishing  mark.  After  the  first 
four  days  the  ligatures  on  the  smaller  vessels  may  be  gently  pulled  to  see  if 
they  are  loose,  but  no  force  should  be  used.  The  ligature  on  the  main  artery 
should  not  be  touched  tiU  after  the  tenth  day  in  the  arm,  and  the  fom-teenth 
in  the  lower  limb. 

Ligatures  are  scarcely  ever  applied  in  this  way  at  the  present  time,  except 
on  open  surfaces  in  which  healing  must  take  place  by  granulation  ;  but  it 
may,  of  course,  happen  to  the  Surgeon  to  be  placed  in  circumstances  in  which 
prepared  absorbable  ligatures  may  not  be  at  his  command. 

2.  Ligatures  which  become  enclosed  in  the  luound  during  the  process  ofhcaluu), 
and  remain permanentig  enccipsuled  or  iecome  absorbed. 

Wire  Ligatures  have  been  used  with  this  intention  in  America.  The 
idea  originated  with  Physick  and  Levert  of  Alabama,  who  performed  several 
experiments  with  threads  of  gold,  silver,  platinum,  and  lead.  They  found 
that  with  these  the  arteries  of  animals  could  be  successfully  tied,  and  that,  the 
material  of  the  ligature  being  unirritating,  no  evil  from  suppuration  ensued. 
When  the  ends  of  the  ligature  were  cut  off  close  to  the  vessel,  it  was  found 
that  the  small  metallic  noose  became  embedded  in  a  cellular  capsule.  For  some 
reason  this  means  fell  into  disuse,  until  it  was  revived  by  ]\Iarion  Smis.  At 
his  suo-o-estion  I  tried  it  in  several  cases  of  amputation  and  other  surgical 
operatfons,  but  soon  abandoned  it,  as  I  found  great  inconveniences  resulting 
from  its  use.  If  the  ends  of  the  wire  were  left  out  of  the  wound,  the  noose 
became  embedded  in  a  mass  of  plastic  matter,  did  not  separate,  and  after 
several  weeks,  required  considerable  force  to  detach  and  disconnect  it.  If  the 
ends  were  cut  short,  the  sides  of  the  wound  healed  over  them  ;  they  became 
encapsuled,  but  were  by  no  means  innocuous  ;  in  some  cases  giving  rise  to 
severe  neuralgia  of  the  stump  by  irritation  of  neighbouring  nerves  ;  iii  othois, 
after  some  weeks,  causing  circumscribed  abscesses  to  form 

The  employment  of  Ligatures  made  of  Materials  tliat  admit  off 
Absorption  in  the  wound  was  long  ago  a  favourite  idea  with  ^^^yJ'^S^' 
and  is  one  on  which  much  experimental  ingenuity  has  at  various  tnnes  ten, 
expended  :  for  the  idea  is  a  captivating  one,  and  if  it  can  be  safelj,  c  i  ain|y, 
and  successfully  carried  out  in  practice,  it  w  ^  .^^^ 

obstacles  to  the  union  of  wounds  by  the  first  intention  A^  this  y  e.^  U  as 
proposed  to  substitute  ligatures  made  of  animal  substances  for  the  oid.nar) 
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threads  made  of  hemp.  Silk  thread  cut  short  and  left  in  the  wound  was  used 
by  Lawrence  in  1815,  and  at  first  with  success,  union  of  the  wound  taking 
place  m  four  to  six  days,  without  suppuration.  But  other  Surgeons  failed  in 
this,  and  Lawrence  himself  was  soon  compelled  to  give  it  up  from  want  of  good 
results  in  his  subsequent  cases.  "Wardrop  substituted  the  gut  of  the  silk-wonn 
made  into  a  fine  cord,  but  with  equally  unsatisfactory  results. 

Catgut  was  used  by  Sir  Astley  Cooper  as  a  material  that  was  more  likely  to 
ilissolve,  or  to  be  absorbed,  than  silk  in  any  shape.  The  first  cases  in  which  it 
was  employed  as  a  ligature  wei'e  full  of  promise.  In  one,  a  patient  aged  eighty, 
the  wound  healed  in  four  days,  and  in  another  in  twenty,  and  in  neither  did 
the  noose  of  the  ligature  re-appear.  But  other  Surgeons  failed  to  achieve  this 
success  ;  the  catgut  was  found  to  be  too  weak,  and  the  distinguished  author  of 
the  practice  could  not  himself  maintain  his  first  success  with  it,  and  eventually 
fell  back  on  the  ordinary  hempen  thread. 

Strips  of  deer-skin  were  used  by  Jameson,  of  Philadelphia,  and  other  American 
Surgeons  about  the  same  time ;  probably  in  181-1,  before  Lawrence's  or  Cooper's 
experiments.  They  were  found  to  answer  better  than  either  silk  or  catgut, 
being  stronger,  more  elastic,  and  more  readily  soluble.  These,  however,  also 
fell  into  disuse,  for  what  reason  does  not  clearly  appear. 

The  idea  of  employing  ligatures  made  of  animal  substances,  that  would 
admit  of  absorption,  and  allow  the  wound  to  be  immediately  closed  over  the 
noose — which  would  not,  in  fact,  act  as  foreign  bodies  in  the  Avound  or  as 
causes  of  suppuration — still  occasionally  presented  itself  to  the  minds  of  Sur- 
geons ;  and,  amongst  others,  Velpeau  spoke  of  it  with  favour,  admitting,  how- 
ever, that  the  precise  nature  and  form  of  such  ligatures  had  to  be  determined. 

Carbolized  Catgut. — The  use  of  catgut  was  revived  by  Lister,  in  connec- 
tion with  his  "  Antiseptic  Method  "  of  dressing  wounds,  and  experience  has 
shown  that,  when  properly  prepared,  it  is  a  perfectly  reliable  material. 

Unprepared  catgut,  such  as  was  used  by  Sir  Astley  Cooper,  is  quite  untrust- 
worthy. In  warm  blood-serum  out  of  the  body  it  softens  and  becomes  pulpy 
and  useless  in  about  half  an  hour.  The  original  mode  of  preparation  of  the 
gut,  as  described  by  Lister,  is  as  follows  : — "  It  must  be  suspended  for  some 
weeks  in  an  emulsion  of  water,  carbolic  acid  and  oil,  in  which,  after  growing 
soft  and  opaque  duiing  the  first  few  days,  it  gradually  experiences  an  opposite 
change,  and  at  length  becomes  again  quite  transparent,  and  is  then  little 
affected  by  water,  and  holds  better  when  tied  than  waxed  silk.  The  emulsion 
is  best  made  by  mixing  one  part  of  crystallized  carbolic  acid,  deliquesced  by 
means  of  water,  with  five  parts  of  olive-oil.  The  very  fine  emulsion  that 
results  is  placed  in  a  covered  jar,  having  a  partition  of  glass  or  other  material 
supported  by  pebbles  at  a  short  distance  above  the  bottom,  to  afford  space  for 
water  that  slowly  subsides  to  accumulate  in  and  keep  it  from  coming  into 
contact  with  the  hanks  of  gut  which  are  placed  loosely  in  the  upper  part  of 
the  vessel.  The  process  of  preparation  goes  on  best  in  a  cool  place,  and  should 
be  continued  for  two  months  at  least ;  and  the  gut  goes  on  improving  for  an 
unlimited  time  if  retained  in  the  same  oil." 

Excellent  results  were  obtained  from  the  gut  prepared  in  this  way,  but  the 
length  of  time  required  before  it  was  fit  for  use  formed  a  serious  objection  to 
the  process.  Lister  therefore  undertook  a  series  of  experiments  with  various 
re-agents  in  the  hope  of  finding  some  equally  efficient  and  more  rapid  method. 
Among  the  substances  with  which  he  experimented,  chromic  acid  was  found  to 
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give  the  best  results  ;  but  if  tliis  is  used  alone  or  too  strong,  the  gut  becomes 
over-prepared  and  as  uuabsorbable  as  a  wire  ligature.  The  method  of  pre- 
paration finally  adopted  was  the  following  :  Dii^sohe  one  part  of  cbromic  acid 
in  4,000  parts  of  distilled  water,  and  add  to  the  solution  200  parts  of  jjure 
carbolic  acid  or  absolute  phenol.  Place  in  the  solution  a  quantity  of  catgut 
equal  in  weight  to  the  carbolic  acid  ;  the  gut  must  not  be  in  loose  banks,  but 
wound  round  some  solid  body  to  prevent  its  untwisting  while  soaking.  If  too 
much  gut  be  added,  it  will  be  under-prepared  and  soften  in  the  wound  :  if  too 
little,  there  is  a  danger  of  its  becoming  over-prepared  and  uuabsorbable.  At 
the  end  of  forty-eight  hours  the  preparation  is  complete,  and  the  gut  may  be 
removed  and  dried.  Another  mode  of  preparing  the  gut  is  as  follows  :  Take 
five  parts  by  weight  of  catgut  (wouud  as  above  on  some  solid  body)  and 
immerse  for  twelve  hours  in  chromic  acid  1  part,  and  distilled  water  100 
parts  ;  transfer  after  removing  the  excess  of  liquid  with  a  cloth  hito  100 
parts  of  sulphurous  acid  (B.P.)  ;  in  twelve  hours  take  it  out  and  di-y  it.  As 
soon  as  it  is  dry,  it  is  to  be  placed  in  a  1  to  5  solution  of  carbolic  acid  in  oil, 
and  it  is  then  fit  for  use  ;  or  it  may  be  kept  dry  and  put  in  a  1  in  20  watery 
solution  for  a  quarter  of  an  hour  before  it  is  used. 

Max  Schede  of  Hamburg  has  for  some  years  used  catgut  prepared  with 
perchloride  of  mercury  both  for  ligatures  and  sutures  with  perfectly  satisfactory 
results.  The  catgut  is  wound  on  a  glass  reel  and  placed  in  a  1  per  cent. 
■  solution  of  corrosive  sublimate.  The  thinner  sorts  remain  in  it  six  hours,  the 
thicker  twelve.  The  catgut  is  then  removed  and  placed  for  twelve  hours  m 
absolute  alcohol,  when  it  is  ready  for  use.    It  is  kept  tiU  required  m  the 

^^^The^fate  of  a  prepared  catgut  ligature  in  a  wound  has  been  the  subject  ot 
much  discussion.    The  examination  of  ligatures  apphed  m  anmials,  and  of 
pieces  of  gut  used  as  sutures  and  hgatures  in  the  human  subject,  has,  how- 
ever, tolerably  clearly  proved  that,  provided  all  goes  well,  the  fohowmg  changes 
occur    Within  a  short  time  of  its  application  the  carbolic  acid  or  otlier 
soluble  antiseptic  it  contains  diffuses  out  of  it  into  the  suiToundmg  seriun, 
and  the  catgut  then  becomes  a  perfectly  unirritating  thread  of  fibrous  tissue, 
and  consequently  has  no  tendency  to  excite  inflammation  or  suppuration  m 
its  neighbourhood.    It  may,  however,  become  irritating  if,  after  losing  its 
carbolic  acid,  it  decomposes  or  becomes  soaked  in  decomposing  discharges. 
In  this  state  it  presents  no  advantage  over  an  ordinary  silk  or  hemp  ligature; 
in  fact,  it  is  less  safe,  as  by  its  premature  softening  it  may  leave  the  external 
coat  unsupported  before  repair  has  sufficiently  advanced  internally.  It 
preserved  from  decomposition  by  the  antiseptic  treatment,  it  becomes  buried 
and  absorbed  in  the  granulation-tissue  developed  in  the  process  of  repair  o 
the  wound.    In  properly  prepared  catgut  the  absorption  P^/^^^ 
the  surface,  the  ligature  swelling  and  softening  but  little    If  such  a  ligature 
be  examined  when  partially  absorbed,  it  will  be  found  that  the  suiTace  h^ 
lost  its  smooth  outline,  being  eaten  out  into  hollows  which  aie  fil  ed  v  «i 
cells  having  the  appearance  of  leucocytes.    Occasionally  a  few         '  ^^^'^ 
nucleated  cells  are  met  with.    In  an  imperfectly  prepai^d  l^S^^ur^ J  ^ 
can  be  seen  penetrating  deeply  into  the  subsUjnce  of  the         ! f;^^' ^  ^^e 
bundles  of  fibrous  tissue.    Fig.  154  represents  the  surface  ot  a  p  cc  of 
bolised  catgut  ^  -in.  in  thickness,  used  as  a  deep  stitch  in  a  w ou nc^  tieatod 
antisepticaily,  ^hich  healed  by  the  first  intention.    It  was  removed  at  the 
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end  of  six  days,  tmd  was  still  tough  and  strong,  being  only  superficially 
destroyed,  about  one-fifteenth  of  its  thickness  having  disappeared.  The  gut 
■was  prepared  by  the  old  process,  without  chromic  acid,  and  had  been  in 
carbolic  oil  for  about  three  years.  A  portion  of  the  same  hank  had  been 
successftdly  used  to  ligature  the  femoral  artery  in  a  case  of  popliteal  aneurism. 

Finally,  as  has  been  shown  by  Lister,  the  ligature  completely  disappears,  a 
little  ring  of  new  fibrous  tissue  being 
developed  round  the  vessel  in  its  place. 
Thus  the  artery  is  not  cut  through, 
the  continuity  of  the  external  coat 
remaining  uninterrupted.  The  inner 
and  middle  coats  are  as  a  rule  cut 
through  in  the  application  of  the  liga- 
ture ;  but  should  it  be  thought  advisable 
not  to  do  this,  as  in  the  case  of  some 
of  the  larger  arteries,  it  can  be  avoided 
by  using  the  thickest  obtainable  gut, 
and  employing  less  force  in  its  ap- 
phcation. 

The  use  of  the  catgut  ligature  has  not 
however  been  limited  to  wounds  treated 
antiseptically,  and  good  results  have  been  (obtained  in  cases  treated  by  othei- 
methods.  In  these  cases  the  fate  of  the  ligature  is  less  certain.  If  it  becomes 
buried  in  the  coagulable  exudation  which  unites  the  surfaces  of  a  well-drained 
and  perfectly  rested  wound  in  the  first  few  hours,  it  is  protected  from 
decomposition,  and  then  follows  the  course  above  described.  If  it  should 
become  bathed  in  septic  discharges  it  softens  rapidly,  and  the  knot  is  usually 
thi'own  off  like  a  small  slough,  or  the  ligature  mr.y  break  up  and  disapjiear 
altogether. 

The  changes  that  occur  within  the  artery  after  the  apphcation  of  a  catgut 
ligature  do  not  differ,  so  far  as  is  known,  from  those  following  any  other  mode 
of  arresting  arterial  hEemorrhage. 

The  use  of  the  catgut  ligature,  although  probably  more  successful  than  any 
other  mode  of  arresting  arterial  haamorrhage,  has  not  been  altogether 
unattended  by  accidents.  These  have  been  due  in  most  cases  to  premature 
sofleninfj  oi  the  gnt,  ov  to  sHpjjinff  of  flie  Ii»ot.  The  premature  softening  is 
due  to  imperfect  pre])aration.  The  older  method  of  ])reparing  carbolized 
catgut  occupied  at  least  two  months,  and  even  then  it  was  occasionally 
under-])repared.  This  accident  has  been  less  frequent  since  the  employment  of 
the  new  form  of  catgut  prepared  by  means  of  chromic  acid.  The  shpping 
of  the  knot  is  sometimes  due  to  the  gut  being  too  rigid  to  tie  closely  ;  such 
gut  should  never  Ije  used.  Well-prepared  gut  will  tie  as  closely  as  silk 
of  the  same  thickness.  When  applied  to  an  artery  in  its  continuity,  the 
catgut  ligatu]-e  has  in  some  cases  failed  to  obliterate  the  vessel.  Thus,  in  a 
case  under  the  care  of  Christopher  Heath,  at  University  College  Hospital, 
the  femoral  became  pervious  shortly  after  the  operation,  necessitating  the 
application  of  a  second  ligature  at  a  lower  jioint.  In  a  case  recorded  by 
T.  Smitli,  of  St.  Bartholomew's  Hospital,  not  only  did  the  ligature  fail  to 
obliterate  the  artery,  but  a  traumatic  aneurism  formed  at  the  point  at  which 
it  had  l)een  applied.    McCarthy  has  also  recorded  a  case  in  which  the 
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Fig.  l.')4. — AlisDi'iitiou  of  outgnt  ligature  six 
(lays  ill  nil  ii.septic  WDUMil.  Surfacu  of  catgut 
is  splitting  up.  Jjenoocyti'S  novnv  it  and  vvamliu' 
into  tlm  lissures.  /.  leucooyti's ;  r.  catgut 
llln-os. 
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artery  became  pervious  shortly  after  the  operation.  In  tl)ese  cases  the 
ligature  failed  to  accomplish  the  purpose  for  which  it  was  applied.  It  is  most 
probable  that  iu  all  it  was  due  to  premature  softening  of  the  gut.  Treves 
also  has  recorded  a  case  iu  which  after  108  days  the  carotid  artery  was  found 
to  be  patent  but  naiTOwed  at  the  seat  of  ligature  by  a  kind  of  perforated 
diaphragm.  In  a  case  at  University  College  Hospital,  in  which  the  right 
carotid  was  tied  below  the  omo-hyoid  for  an  aneurism  opposite  the  larynx,  the 
vessel,  when  the  mi\n  died  of  an  aortic  aneurism  one  year  after,  was  then 
found  to  be  obliterated  from  the  aneurism  to  the  innominate.  Its  coats  were 
continuous,  the  seat  of  ligature  being  recognizable  only  by  some  cicatricial 
tissue  adherent  to  the  external  coat.  It  seems  possible,  therefore,  that  as 
the  continuity  of  the  external  coat  is  not  destroyed,  restoration  of  the  lumen 
of  the  vessel  may  take  place  occasionally  even  after  occlusion  lasting  a  con- 
siderable time.  In  the  vast  majority  of  cases,  however,  in  which  the  catgut 
ligature  has  been  employed,  the  vessel  has  been  permanently  and  safely 
obliterated. 

Carbolized  Silk. — The  slight  degree  of  uncertainty  that  has  attended  the 
use  of  catgut,  the  occasional  premature  disappearance  of  the  hgature  and 
restoration  of  the  lumen  of  the  vessel,  has  led  some  Sm-geons  to  employ 
instead  of  it  fine  silk,  that  known  as  "  Chinese  twist "  being  the  best.  Silk 
being  an  animal  substance,  and  from  its  softness  being  unhkely  to  ii'ritate 
mechanically,  there  seems  no  reason  why,  if  it  can  be  prevented  from  becoming 
impregnated  with  the  irritating  products  of  putrefaction,  it  should  not  he 
harmlessly  amongst  the  tissues,  and  become  finally  absorbed  or  encapsuled. 
That  such  has  been  the  case  has  been  abundantly  proved  by  the  experience 
derived  from  those  cases  of  ovariotomy  in  which  the  pedicle  has  been  secured 
with  silk,  and  returned  into  the  cavity  of  the  abdomen.  In  order  that  silk 
may  be  used  with  safety  and  certainty,  it  must  in  the  first  place  be  rendered 
aseptic.  This  is  most  efficiently  done  by  boiling  it  for  some  time  in  water, 
and  afterwards  placing  it  for  tweuty-fom-hom's  in  a  1  in  20  solution  of  carbolic 
acid,  or  in  a  1  in  500  solution  of  corrosive  sublimate.  It  must  on  no  account 
be  waxed,  as  this  makes  it  incapable  of  being  absorbed.  A  silk  ligature 
thus  prepared  will  in  the  great  majority  of  cases  give  rise  to  no  irritation  or 
suppuration  in  its  neighbourhood.  If,  however,  it  should  from  any  cause 
become  exposed  to  decomposing  matter,  it  will  absorb  the  products  of 
putrefaction,  and  will  then  be  cast  oiF  and  discharged  from  the  wound  by 
suppuration. 

The  fate  of  a  silk  ligature  when  left  amongst  the  livmg  tissues  has  been 
experimentally  investigated  by  Lister,  Spiegelberg  and  Waldeyer,  Tillmanns, 
and  others.  Lister  found  an  aseptic  silk  ligature  applied  to  the  carotid  of  a 
horse  unchanged  at  the  end  of  six  weeks  and  emJjedded  in  firm  fibrous  tissue. 
In  a  case  in  which  he  applied  a  similar  ligature  to  the  extcrual  iliac  artery 
in  the  human  subject,  when  he  had  the  opportunity  of  examining  the  parts  one 
year  after,  he  found  the  greater  part  of  the  ligature  absorbed,  but  a  sma  1 
abscess  had  formed  around  the  knot.  Clutton  has  recorded  a  case  in  which 
the  noose  of  the  ligature  was  discharged  from  an  abscess  six  weeks  after 
ligature  of  the  external  iliac.  Boyd  had  the  opportunity  of  examining- 
a  similar  ligature  applied  to  the  carotid  thirty-five  days  before  death,  the 
wound  having  healed  by  first  intention.  The  silk  ^^■as  found  perfectly  un- 
changed, surrounded  bv  a  mass  of  small  round  cells  with  some  giant-cells. 
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In  another  case  recorded  by  Horsley  a  silk  ligature  Avas  found  unchanged 
after  seven  Aveeks.  The  connective  tissue  formed  a  strong  fibrous  capsule 
I'ound  it,  but  presented  here  and  there  signs  of  chronic  inflammation.  The 
I'csults  of  experiments  on  animals  by  Spiegelberg  and  Waldeyer,  and  Tillmamis, 
agTee  in  every  respect  with  those  just  mentioned. 

"'it  appeai-s  therefore,  that  a  silk  ligature  may,  with  proper  antiseptic  pre- 
cautions, be  safely  applied  and  left  in  the  wound  with  but  little  risk  of  ics 
uiving  rise  to  suppuration,  and  with  a  good  prospect  of  its  being  either  safely 
cucapsuled  in  fibrous  tissue  or  ultimately  absorbed. 

Tendon  Ligatures. — Long  tendons  dried  and  afterwards  carbolized  have 
also  been  used  as  ligatures.  Girdlestone  of  Melbourne  has  successfully  made 
use  of  the  long  tendons  from  the  tail  of  the  kangaroo.  These  form  excellent 
and  most  reliable  ligatures. 

Ligature  of  Arteries  without  Dividing  the  Inner  and  Middle 
Coats.— In  the  application  of  the  ordinary  hemp  or  silk  ligature,  or  of  the 
carbolised  catgut  or  silk,  it  is  the  object  of  the  Surgeon,  as  before  stated,  to 
tie  sufficiently  tightly  to  cut  through  the  inner  and  middle  coats  of  the 
artery,  and  by  the  compression  of  the  outer  coat  to  turn  their  divided 
L'dges  upwards  and  downwards  into  the  lumen  of  the  vessel.  Alexander 
-Monro,  B.  Bell,  Scarpa,  and  many  other  Surgeons  at  the  end  of  the  last 
century  and  the  beginning  of  this,  advocated  a  more  gentle  application  of 
the  ligature,  so  as  merely  to  compress  the  coats  to  the  degree  necessary  to 
obstruct  the  flow  of  blood,  under  the  impression  that  the  patient's  safety  was 
increased  by  doing  less  damage  to  the  artery.  The  observations  of  Jones,  and 
the  experience  of  all  Surgeons,  however,  proved  almost  beyond  a  doubt  that 
if  the  ligature  is  to  cut  through  the  artery  and  come  away,  the  safety  of  the 
patient  depends  chiefly  on  the  employment  of  the  finest  possible  ligatures,  tightly 
tied,  so  as  to  cut  the  inner  and  middle  coats  cleanly  and  completely,  and  turn 
them  up  into  the  lumen  of  the  vessel  in  such  a  way  as  to  plug  it  almost  as 
thoroughly  as  in  torsion.  Broad  ligatures  loosely  tied  excite  much  suppura- 
tion round  the  artery,  cut  through  quickly,  and  are  frequently  followed  by 
secondaiy  haemorrhage.  The  idea,  however,  that  a  vessel  can  be  safely  tied 
without  injuring  its  coats  was  revived  m  connection  with  the  absorbable 
ligatures  now  in  use.  Lister  at  first  suggested  that  the  catgut  Hgature  might 
l»e  applied  in  this  way,  but  experience  seemed  to  show  that  its  early  absorption 
rendered  the  obhteration  of  the  vessel  uncertain  unless  the  inner  and  middle 
coats  were  cut.  R.  Barwell  has,  however,  introduced  a  variety  of  ligature 
prepared  from  the  middle  coat  of  the  aorta  of  the  ox,  which  he  has  successfully 
applied  in  a  considerable  number  of  cases  without  injuring  the  coats  of  the 
artery.  The  Ox-aorta  Ligature  is  prepared  by  separating  the  outer  coat 
and  cutting  the  middle  coat  spirally  into  a  long  ribbon.  This  is  stretched,  by 
lianging  to  it  a  weight  of  from  one  to  three  pounds  according  to  the  breadth 
of  the  ligature  and  allowed  to  dry.  Ten  minutes  before  being  used  it  must  be 
soaked  in  a  1  in  20  solution  of  carbolic  acid  in  water.  The  breadth  of  the 
ligature  makes  it  impossible  to  divide  the  inner  and  middle  coats  of  the  artery 
while  tying  it,  and  it  seems  to  be  more  slowly  absorbed  than  the  old-fashioned 
carbohzed  catgut.  Li  1881  Barwell  reported  fourteen  cases  in  wdiich  the 
ligature  had  been  successfully  applied  to  large  arteries.  In  every  case  the 
obliteration  of  the  vessel  was  accomplished  and  nothing  was  seen  of  the 
ligature  after  the  operation.    Probably  the  same  result  might  be  obtained  by 
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the  employment  of  very  thick  eat<;'ut,  bat  tlie  round  form  of  the  catgnt  makes 
it  cut  the  coats  of  the  aitery  more  readily. 

Tlic  subject  lias  been  recently  bi'ought  forward  aj>'ain  l)y  (".  A.  ]iallance  and 
W.  Edmunds,  Avho,  by  a  series  of  carefiUly  conducted  exi)eriments,  showed 
that  in  horses  and  slieep  large  vessels  can  be  successfully  obliterated  witliout 
division  of  any  of  their  coats  by  the  application  of  a  small  I'ound  cliroraic  cato  ut 
or  tendon  ligature  tied  so  as  merely  to  arrest  the  flow  of  blood.  Such  ligatures 
will  resist  absorption  for  at  least  three  weeks  (a  longer  period  than  the  old 
carbolized  catgut),  and  by  that  time  the  artery,  in  all  their  experiments,  was 
safely  obliterated.  The  mere  pressure  of  the  ligature  was  sufficient  to  cause 
proliferation  of  the  endothelium,  and  union  of  the  surfac^es  pressed  to- 
gether, thus  occluding  the  A-essel.  They  therefore  maintain  that  in  every  case 
of  ligature  of  an  artery  in  its  continuity,  it  is  neither  necessary  nor  advisable 
to  rupture  the  coats.  The  probability  is  that  in  all  arteri.es  of  the  size  of 
the  superficial  femoral  and  below  it,  it  matters  little,  as  far  as  safety  is  con- 
cerned, whether  the  coats  are  divided  or  not,  provided  the  wound  follows  an 
aseptic  course  and  unites  by  first  intention,  and  probably  permanent  occlusion 
will  be  more  certain  if  the  inner  and  middle  coat  are  cut.  In  larger  arteries, 
however,  secondary  hEemorrhage  has  occurred  with  great  frequency  after  ligature 
with  division  of  the  coats,  and  in  some,  such  as  the  first  part  of  the  subclavian, 
the  innominate,  and  the  aorta,  with  such  constancy  that  the  only  hope  of 
success  seems  to  be  in  not  injuring  the  arterial  wall. 

Temporary  Ligatures. — With  the  view  of  removing  the  various  incon- 
yeniences  tliat  resulted  from  the  presence  of  the  ligatures  in  the  wound,  and 
especially  with  the  object  of  promoting  union  by  the  first  intention,  some 
Surgeons  attempted  the  use  of  temporary  ligatures. 

This  subject  fully  occupied  the  attention  of  Surgeons  in  this  country  nearly 
half  a  century  ago,  and  has  now  in  a  great  measure  become  matter  of  history, 
for  the  study  of  which  I  must  refer  to  the  writings  of  Jones,  Travels,  Velpeau, 
and  others.  I  may,  however,  state,  that  the  general  result  of  the  experiments 
made  and  the  experience  gained  on  this  subject  is  the  following. 

Jones  found  that,  on  cutting  through  the  internal  and  middle  coats  of  the 
carotid  artery  of  a  horse  at  three  or  four  different  points,  with  as  many  liga- 
tures, and  then  immprJiafply  removing  them,  an  "  effusion  of  lymph  oceurrcd 
by  which  the  artery  was  plugged  up."  These  observations  were  not  confirmed 
by  other  experimenters,  such  as  Hodgson,  Travers,  and  Dalrymple.  But 
Travers  found  that,  if  the  ligature  was  left  in  for  several  hours,  or  even  for 
one  hour,  and  then  removed,  obliteration  of  the  artery  ensued.  Roberts  a]i- 
plied  a  ligature  to  the  femoral  artery  for  popliteal  aneurism,  and,  on  removing 
it  after  hours,  found  the  artery  closed  :  and  Travers  ligatured  the  brachial 
artery  of  a  man,  and,  on  removing  the  ligature  at  the  end  of  oO  hours, 
obtained  an  equally  successful  result.  Their  example  was  followed  by  Scaqia 
and  Paletta.  Notwithstanding  these  favourai)le  results,  the  failure  of  the 
method  in  the  hands  of  Astley  Cooper,  Hutcliinson,  Beclard,  and  of  Travers 
himself,  and  the  observation  of  Vacca,  that,  if  the  ligature  be  left  on  the  artery 
long  enoutrh  to  cause  its  obliteration,  the  section  of  the  vessel  is  effected  sooner 
or  later,  caused  the  use  of  the  temporary  ligature  to  be  discontinued  iii  surgical 
practice  even  by  those  who  had  at  one  time  most  strongly  advocated  it. 

10.  Acupressure.— By  Acujiressure  is  meant  the  occlusion  of  an  artery  by 
the  pi-essure  of  a  needle  in  such  a  way  as  to  arrest  the  circulation  (liT-on-rh  it 
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ov  tlie  ha^moiThage  from  it.  This  method  of  treatment  was  introduced  into 
surgical  practice  by  the  late  Sir  James  Simpson  as  a  substitute  for  the  ligature. 
Acupressure  may  be  applied  in  several  difFerent  ways  ;  biit  there  are  four 
principal  methods. 

The  first  method  is  carried  out  in  the  following  way,  which  I  give  as  nearly 
as  possible  in  Sir  .Tames  Simpson's  own  words  :  the  Surgeon  places  the  tip  of 
the  fore-finger  of  his  left  hand  upon  the  bleeding  mouth  of  the  artery  which 
he  intends  to  compress  and  close  :  holding  the  needle  in  his  right  hand,  he 
passes  it  through  the  cutaneous  surface  of  the  flap,  and  pnshes  it  inwards  till 
its  point  projects  out  to  the  extent  of  a  few  lines  on  the  raw  surface  of  the 
wound,  a  little  to  the  right  of,  and  anterior  to,  his  finger-tip  ;  he  then,  by  the 
action  of  his  right  hand  upon  the  head  of  the  needle,  turns  and  directs  its 
sharp  extremity  so  that  it  makes  a  bridge,  as  it  were,  across  the  site  of  the  tube 
of  the  bleeding  artery,  inmiediately  in  front  of  the  point  of  the  finger  with 
which  lie  is  shutting  up  its  orifice  ;  he  next,  either  with  the  same  fore-finger  of 
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the  left  hand,  or  with  the  side  of  the  extremity  of  the  needle  itself,  compresses 
the  locality  of  the  bleeding  arterial  orifice  and  tube,  and  then  pushes  on  the 
needle  with  his  right  hand,  so  as  to  make  it  re-enter  the  surface  of  the  wound 
a  little  to  the  left  side  of  the  artery  :  and,  lastly,  by  pressing  the  needle  farther 
on  in  this  direction,  its  point  emerges  through  the  cutaneous  surface  of  the 
flap — the  site  of  the  tube  of  the  bleeding  artery  being  in  this  way  left  pinned 
down  in  a  compressed  state  by  the  arc  or  bridge  of  steel  that  is  passed  over  it. 
The  needle  thus  passes  first  through  and  from  the  skin  of  the  flap  inwards  to 
the  raw  surface  of  the  wound,  and,  secondly,  after  bridging  over  the  site  of 
the  artery,  it  passes  from  the  raw  surface  of  the  wound  oiitiuards  again  to  and 
through  the  skin.  Sometimes  the  needle  will  be  best  passed  by  the  aid  of  the 
€ye  alone,  and  without  guiding  its  course  by  the  finger-tip  applied  to  the 
bleeding  orifice.  It  compresses  not  the  arterial  tube  alone,  but  also  the  struc- 
tures placed  over  and  around  the  site  of  the  tube.  When  the  needle  is  com- 
pletely adjusted,  all  of  it  that  is  seen,  and  that  not  necessarily  so,  on  the 
surface  of  the  raw  wound,  is  the  small  portion  of  it  passing  over  the  site  of 
the  arteiy  (Fig.  155)  ;  while  externally,  up(m  the  cutaneous  surface  of  the 
flap,  we  have  remaining  exposed  more  or  less  of  its  two  extremities,  namely,  its 
point  and  its  head  (Fig.  150).  The  rest  of  it  is  hidden  in  the  structures  of 
the  flap  or  side  of  the  wound.  The  degree  of  pressure  required  effectually 
to  close  the  tube  of  an  artery  is  certainly  much  less  than  Surgeons  generally 
imagine;  but  in  the  above  proceeding  the  amonnt  of  pressure  can  be  rcgidatcd 
and  increased  when  required,  by  the  acuteness  of  tlie  angle  at  which  the  needle 
introduced  and  again  passed  out — the  cutaneous  and  other  structures  of  the 
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Hap  serving-  as  the  resisting  medium  against  which  the  needle  compresses  the 
arterial  tube. 

The  second  method  of  acupressure  consists  in  taking  a  short  sewing  needle 
with  a  piece  of  twisted  iron  wire  attached,  for  the  purpose  of  withdrawing  it 
when  necessary.  This  is  dipped  down  into  the  soft  tissues  on  one  side  of  the 
artery  ;  then  bridged  over  the  vessel  ;  then  dipped  down  again  into  the  soft 
structures  on  the  other  side  of  the  vessel  (Fig.  ]r>7).    In  doing  this  care  must 


Fig.  157. — AcuiHessure.    Second  Metlmd.  Fig.  158. — Aciipressuie.    Tliinl  Mt-tlio:!. 


be  taken  to  press  the  end  of  the  needle  down  upon  the  bleeding  tmnk  or  tube 
of  the  artery  with  sufficient  force. 

The  third  meihod  consists  in  compressing  the  artery  between  the  needle 
threaded  with  a  piece  of  twisted  iron  wire,  passed  below  or  behind  it,  and  a 
loop  of  fine  iron  wire  passed  over  or  above  it.  The  needle  is  passed  as  in  the 
last  cases,  but  on  the  opposite  side  of  the  artery.  The  loop  of  iron  wire  is 
thrown  over  the  point  of  the  needle  ;  it  is  then  passed  across  the  artery, 
drawn  tight  so  as  to  compress  the  vessel,  and  secured  by  a  half  twist  round 
the  eye  end  of  the  needle  (Fig.  1.58).  In  order  to  remove  this  apparatus,  all 
the  Surgeon  has  to  do  is  to  pull  the  twisted  wire  with  which  the  needle  is 
threaded  ;  this,  in  withdrawing  the  needle,  liberates  the  loop,  which  may  then 
easily  be  removed. 

The  fourth  method  consists  in  dipping  the  needle  into  the  tissues  close  to  the 

artery,  then  making  a  turn  with  the  point, 
and  pushing  this  into  the  soft  parts  be- 
yond, so  as  to  fix  it  there,  and  thus  to  com- 
press the  artery  (Fig.  159). 

The  Condition  of  the  Artery  after  having 
been  subjected  to  acupressure  has  been 
determined  both  by  experiments  on  animals 
and  by  observations  on  the  human  subject. 
It  has  thus  been  ascertained  that  the  pres- 
sure of  the  needle  is  never  sufficient  to 
divide  the  internal  and  middle  coats.  Oc- 
clusion of  the  artery  is  effected  first  by  the  formation  of  an  adherent  clot 
within  the  vessel  between  the  point  compressed  and  the  nearest  collateral 
branch.  The  orifice  is  at  the  same  time  scaled  by  the  ]il;istic  exudation  uniting 
the  surfaces  of  the  wound.  It  has  been  shown  that  in  arteries  tied  without 
injury  to  their  coats,  proliferation  of  the  endothelium  takes  place  in  the 
neighbourhood  of  the  ligature,  the  new  cells  growing  into  the  adherent  clot, 
and  no  doubt  the  same  process  occurs  after  closure  of  a  vessel  by  acupressure. 
The  time  during  which  the  needle  should  be  left  in  will  vary  according  to 


Fig.  159. — Acui)ressure.    Fourtli  Mctlidd. 
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:  the  size  of  the  artery,  from  thirty  to  sixty  hours.  The  needle  must  not 
be  left  ia  too  long,  lest  irritation  be  set  up,  and  ulceration  induced  along 
its  track. 

At  the  time  that  acupressure  was  introduced  hemorrhage  Avas  almost 
exclusively  arrested  by  silk  or  hemp  ligatures  which  necessarily  formed  a 
barrier  to  complete  union  by  the  first  intention.    By  the  early  removal  of  the 
acupressure  pins  and  wires  it  was  hoped  that  the  wound,  being  freed  from  all 
:  foreign  bodies,  would  heal  without  suppuration,  and  in  many  cases  this  result 

•  Avas  obtained  ;  but  the  introduction  of  the  antiseptic  treatment  and  the  use  of 
:  absorbable  ligatures  brought  about  the  desired  result  in  a  much  simpler  and 
!  more  certain  manner,  and  acupressure  never  came  into  general  use.  Sufficient 
1  experience  was  obtained,  however,  to  show  that  even  large  vessels  may  be 
:  safely  obliterated  by  these  means,  and  circumstances  may  occasionally  arise  in 

■  which  a  knowledge  of  them  will  be  of  use  to  the  Surgeon. 

Collateral  Circulatiois. — AVhen  the  main  artery  of  a  limb  has  been 
'  ligatured,  or  in  any  other  way  occluded,  it  is  only  the  direct  flow  of  blood  that 
is  interrupted  ;  the  indirect  supply  which  is  conveyed  into  the  limb  or  part,  by 
\  the  free  communication  between  the  anastomosing  vessels  of  the  different 
;  portions  of  the  arterial  system,  being  sufficient  to  preserve  its  vitality,  and  to 
I  prevent  the  occurrence  of  gangrene.  So  free  and  ready  are  the  inosculations- 
!  between  different  portions  of  the  arterial  system,  that,  after  the  largest  arteries. 
I  in  the  body,  such  as  the  subclavian,  iliac,  and  abdominal  aorta,  have  been 
''■  ligatured,  sufficient  blood  to  support  life  is  at  once  conveyed  into  the  parts 

•  supplied  by  them.  This  collateral  circulation  is  most  active  and  most 
:  readily  maintained  in  early  life,  when  the  vessels  are  pliant  and  elastic,  readily 
i  accommodating  themselves  to  the  increased  quantity  of  blood  that  they  are 

■  required  to  convey.  As  age  advances,  the  vascular  system  becomes  less  elastic, 
and  there  is  a  greater  difficulty  in  the  establishment  and  maintenance  of  the 

I  collateral  circulation.  The  anastomosing  vessels  which  serve  this  purpose  are 
invariably  furnished  by  arteries  contiguous  to  that  which  is  ligatured,  and 
come  off  from  the  same  side  of  the  body.  Thus,  for  instance,  after  ligature  of 
the  superficial  femoral,  it  is  by  the  profunda  artery  that  the  supply  of  blood  is. 
carried  to  the  lower  extremity.  Thus  also,  when  the  common  carotid  is- 
ligatured,  the  circulation  to  the  parts  it  supplies  is  not  maintained  through 
the  medium  of  the  opposite  carotid,  although  the  inosculations  between  the 
ultimate  branches  of  the  two  vessels  are  so  free  upon  the  throat,  and  the  face, 

;  and  within  the  cranium  ;  but  it  is  by  means  of  the  inferior  thyroid  and 
vertebral  arteries  (branches  of  the  subclavian  on  the  same  side),  which  become 

;  gi'eatly  enlarged,  that  the  supply  of  blood  is  kept  np  to  the  parts  on  the  out- 

:  side,  as  well  as  in  the  inside  of  the  cranium. 

The  supply  of  blood  that  is  sent  to  a  limb,  after  deligation  of  the  main 
trunk,  is  at  first  but  small  in  quantity  ;  being  merely  sufficient  for  the  mainte- 
nance  of  its  vitality,  but  not  enough  for  the  continuance  of  the  usual  function 
of  the  part.    Hence,  although  the  life  of  a  limb  may  be  preserved  after  the 

'  ligature  of  its  artery,  it  becomes  cold,  and  the  patient  is  often  unable  to  move 

I  it  for  some  time,  the  muscles  appearing  to  be  completely  paralysed  ;  in  a  few 
hours,  however,  the  sup]jly  of  blood  increases,  until  it  reaches  its  usual 

•  standard,  when  the  normal  vigour  of  the  part  returns.  By  the  end  of  twenty- 
four  hours  the  limb  will  be  found  to  be  redder  than  natural,  and  the  tempera- 
ture often  rises  one  or  two  degrees  beyond  that  of  the  opposite  limb,  \vhilst  a 
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great  seiisiitioii  of  heat  is  experienced  in  it  by  tlie  patient.    This  i)eriu(l  of 
increased  heat  may  last  a  week  or  more. 

The  rc-eK|-al)lishnient  of  tlie  blood-supply  to  tlie  liinb  after  obliteration  of 
the  main  trunk  is  actcomplished  chiefly  by  changes  taking  place  in  the  AnaH- 
tomoshni  Arlni/'s.    Almost  immediately  after  the  ligatm-e  is  tightened  they 
become  dilated  to  their  extreme  capacity.    This  is  due  in  a  very  slight  degi-ee  . 
to  the  increased  tension  caused  by  the  sudden  obliteration  of  the  main  trunk, 
for  that  is  equally  felt  throughout  the  whole  body,  except  the  part  sup])lied  by  i 
the  ligatured  artery.    It  is  chiefly  the  result  of  relaxation  of  the  muscular  i 
coat.    This  relaxation  is  probably  a  reflex  phenomenon  consequent  ujion  the  i 
want  of  blood  in  the  parts  beyond  the  point  of  obliteration  of  the  arter}'.    We  i 
have  already  seen  that  a  similar  dilatation  of  the  vessels  occurs  when  a  limb 
has  been  rendered  Ijloodless  for  a  short  time  by  an  Slsmarch's  bandage.  'J'he 
dilatation  is  not  limited  to  the  anastomosing  vessels  which  are  directly  con- 
cerned in  carrying  the  blood  from  above  to  below  the  ligature,  but  affects  the 
whole  arterial  system  of  the  limb.    It  is  this  that  causes  the  increased  redness 
a  few  hours  after  the  ligature  has  been  applied.    The  resistance  to  the  flow  of 
blood  is  necessarily  reduced  to  the  smallest  possible  degree  by  this  general 
vascular  dilatation,  and  this  to  some  extent  compensates  for  the  increased 
resistance  which  necessarily  results  from  the  blood  having  to  be  driven  through 
a  number  of  small  anastomosing  arteries,  instead  of  through  a  single  main 
ti'unk.    The  preliminary  dilatation  is  followed  by  a  permanent  enlargement  of 
the  anastomosing  arteries,  which  increase  both  in  diameter  and  in  length,  and 
thus  assume  a  tortuous  or  waved  form. 

Thus  in  a  case  of  spontaneous  obliteration  of  the  first  part  of  the  axillary 
artery,  met  with  in  the  dissecting-room  of  University  CoUege,  a  tortuous 
vessel,  about  the  size  of  a  crow-quill,  and  measuring  when  straightened  out, 
liine  inches  in  length,  was  found  passing  from  the  internal  mammary  in  the 
third  intercostal  space  to  the  external  mammary  branch  of  the  axillary. 
Occasionally  a  number  of  such  arteries  may  form  an  interlacement.  The 
anastomosing  arteries  that  carry  on- the  circulation  are,  as  a  rule,  easily  I 
dissected  out  in  a  well-injected  subject  in  the  dissecting-room,  and  at  one  | 
time  it  was  su]i]iosed  that  it  was  not  safe  to  tie  a  large  artery  except  in  those  I 
situations  in  which  such  easily  demonstrable  anastomoses  exist.    Thus  for  I 
instance,  after  the  ligature  of  the  common  carotid,  the  supply  of  blood  is  I 
vdtimately  conveyed  by  the  inosculations  between  the  superior  and  inferior  I 
thyroid  arteries  and  by  the  vertebral,    AVhen  the  subclavian  is  tied  the  circu  I 
lation  of  the  ujjper  extremity  is  carried  on  by  the  anastomosis  of  the  posterior  I 
scapular  and  supra-scajjular,  fi'om  the  thyroid  axis,  with  the  acromio-thoi-acic 
and  subscapular  of  the  axillary,  of  the  branches  of  the  internal  mammary 
and  int(!reostal  arteries,  with  the  external  mammary  of  the  axillary,  and 
of  the  superior  intercostal  of  the  subclavian  with  the  sujxjrior  thoracic  of  the 
axillary  ;  and  when  the  external  iliac  is  tied,  the  l)lood  is  conveyed  to  the 
lower  limb  by  the  inosculations  between  the  iuternal  mammary  and  lumbar 
arteries  and  the  epigastric  and  circumflex  ilii,  and  liy  those  between  the  obtu- 
rator, gluteal,  and  sciatic  arteries  and  the  circumflex  branches  of  the  profunda  i 
femoris.  ,  I 

It  has,  however,  repeatedly  been  shown  that  the  ordinary  muscular  and  T 
subcutaneous  \-esseis  of  the  part  are  amply  suflicient  to  carry  on  the  circula- 
tion, even  wlien  no  anastomosing  arteries  can  be  demonstrated  by  dissection. 
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As  the  special  vessels  ultimately  destiued  to  take  the  place  of  that  which  has 
been  obliterated  enlarge,  the  general  vascular  dilatation  of  the  hmb  subsides 
and  the  circulation  is  practically  restored  to  its  normal  condition.  During 
the  enlargement  of  the  vessels,  much  pain  is  often  experienced,  owing  to  the 
pressure  of  the  dilated  vessels  upon  neighbouring  nerves. 

Jones  pointed  out  the  curious  circumstance  that,  occasionally  when  two 
anastomosing  branches  approach  one  another,  they  split,  before  inosctilating, 
into  two  or  three  ramusculi,  Avhich  by  uniting  form  a  circle  of  anastomoses. 
Besides  this  kind  of  collateral  circulation,  Maunoir,  Porta,  and  Stilling  have 
noticed  vessels  running  directly  between  the  extremities  of  the  obliterated 


trunk,  forming  species  of  arterial  shoots,  springing  from  the  stump  of  the 
artery  (Fig.  160). 

Changes  that  take  place  in  the  Trunk.— As  a  rule  it  is  completely 
obliterated  above  and  below  the  point  to  which  the  hgatm-e  has  been  applied 
as  far  as  the  next  important  collateral  branch  (Figs.  161,  162).  Beyond 
this,  on  the  distal  side,  it  is  pervions  and  receives  the  blood  poured  into  it 
through  the  different  anastomosing  channels.  Porta  and  Stilling  have  shown 
that,  after  a  time,  a  small  tortuous  central  canal  uniting  the  two  parts  of 
the  vessel  which  are  still  patent,  may  be  developed  down  the  centre  of  the 
fibrous  cord  representing  the  obUterated  portion  of  the  artery. 

In  cases  in  which  an  absorbable  ligature  has  been  used  and  in  which  con- 
sequently the  external  coat  has  not  been  divided,  complete  restoration  of  the 
lumen  of  the  vessel  seems  to  be  an  occasional  occurrence  (see  p.  438). 

The  collateral  circulation  is  occasionally  not  sufficiently  fi-ee  to  preserve 
the  vitality  of  the  parts  supplied  by  it ;  as  a  consequence  of  this,  gangrene 
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results,   or  the  limb  may  become  weak  or  atrophied.     This  condition 
may  be  met  with  in  old  people,  from  calcification  and  rigidity  of  the  artei'ial 
system  ;  or  it  may  happen  as  the  result  of  aii  extensi\'e  ti-ansverse  wound 
of  the  limb  dividing  many  of  the  anastomosing  vessels.    Copiouji  haemor- 
rhage by  weakening  the  action  of  the  heart  may  render  it  unable  to  over-  : 
€ome  the  increased  resistance  offered  by  the  collateral  circulation  through  \ 
which  the  blood  has  to  pass,  and  thus  the  circulation  may  be  arrested  and  1 
gangrene  follow.    It  more  rarely  happens  that  we  find  too  great  freedom  of  1 
the  anastomoses,  so  as  to  lead  to  a  failure  of  the  purposes  for  which  the 
ligature  has  been  applied,  by  the  rapid  admission  of  blood  into  the  distal  side 
•of  the  vessel,  thus  perhaps  occasioning  secondary  haemorrhage.  i 

Principles  of  Treatment  op  Primary  Arterial  Hemorrhage. —  | 
The  principles  of  treatment  of  wounded  arteries  are  the  same  whether  the  1' 
Surgeon  adopt  hgature,  torsion,  or  acupressure.    Having  invariably  ased  the  |  • 
ligature  myself,  I  have  here  spoken  of  tying  only,  but  the  reader  must  ; 
remember  that  the  same  principles  apply  to  all  other  means  of  aiTestiug  j 
arterial  haamorrhage.  I 

The  whole  doctrine  of  the  treatment  of  primary  hEemoiThage  from  wounded  I  • 
■arteries  may  be  included  in  three  gi-eat  principles  :  1.  "  Tiiat  no  operation  ought  \ 
io  ie  performed  on  a  luounded  artery  unless  it  bleeds''''  (G-uthrie)  ;  2.  To  expose  t 
tJie  vessel  at  the  luounded part,  and  to  tie  it  there  ;  and  3.  To  apply  a  ligature  to  \ 
both  ends,  if  it  be  completely  divided,  or  io  the  distal  as  well  as  the  pro.umal  side  \ 
of  the  ivound,  if  it  he  merely  punctured. 

These  principles  of  treatment  were  distinctly  laid  down  by  John  Bell  ;  but, 
although  this  great  Surgeon  inculcated  these  rules  of  practice  with  great  force,  i  - 
Surgeons  appear  to  have  been  led  away  by  the  erroneous  idea  of  applying  the  f 
Hunterian  principles  in  the  treatment  of  aneurism  to  that  of  wounded 
arteries,  until  Guthrie,  by  his  practice  and  precepts,  and  by  bringing  an 
overwhelming  mass  of  proof  to  bear  on  this  important  question,  recalled  the 
attention  of  the  Profession  to  the  proper  and  rational  treatment  of  wounded  , 
arteries. 

1.  That  no  operation  ought  to  be  performed  on  a  wounded  artery 
unless  it  bleeds.  If  by  the  time  the  Surgeon  sees  the  patient,  bleeding  has 
ceased,  however  furious  it  ihay  have  been,  and  however  probable  it  may  appear 
from  the  situation  of  the  Avound  that  a  large  artery  has  been  injured,  no 
operation  should  be  undertaken.  The  patient  should  be  placed  in  bed,  the 
wound  should  be  dressed  and  a  tourniquet  applied  loosely  round  the  limb, 
ready  to  be  tightened  at  once  should  the  bleeding  again  burst  forth.  He 
•should  be  constantly  watched  by  some  competent  person  for  the  next  twenty- 
four  or  forty-eight  hours.  If,  before  the  Surgeon  sees  the  case,  bleeding 
supposed  to  come  from  a  large  vessel  has  been  arrested  by  pressure,  he  should  ' 
at  once  relax  all  pressure  and  remove  the  pads,  as  it  is  not  safe  to  trust  to 
compression  for  the  arrest  of  haemorrhage  from  a  vessel  of  any  magnitude. 
If,  on  doing  this,  bleeding  occurs,  he  must  be  guided  in  his  treatment  by  the 
two  following  rules.  If  no  luemorrhagc  appears  he  must  follow  the  directions 
just  given.  The  reason  for  this  rule  is  thtit  a  small  artery,  especially  when 
wounded  near  its  jiarent  trunk,  may  for  a  time  pour  forth  such  an  amount  of 
blood  as  to  make  it  appear  as  if  the  main  trunk  itself  was  implicated,  and  yet  i 
may  safely  be  closed  by  the  processes  of  natural  arrest  already  described.  A 
man  was  brought  to  the  University  College  Hospital  with  a  deep  stab  in  the 
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groin,  directly  in  the  course  of  tlie  external  iliac  artery  ;  a  very  large  quantity 
of  arterial  blood  had  been  lost,  but  the  hfemorrhage  was  arrested  on  his 
admission  by  the  application  of  pressure,  &c.  From  the  great  and  sudden 
loss  of  blood  it  was  supposed  that  the  external  iliac  had  been  punctured,  but 
it  was  not  thought  advisable  to  perform  any  operation  unless  htemorrhage 
recurred.  The  bleeding  did  not  return,  and  the  wound  healed  without  any 
ftirther  trouble. 

This  rule,  as  will  subsequently  be  shown,  does  not  apply  to  secondary 
ijemorrhage,  nor  to  bleeding  from  vessels  opened  by  ulceration  or  sloughing. 
2.  To  expose  the  vessel  at  the  wounded  part  and  to  tie  it  there. 

• — The  principal  reason  for  this  rule  is,  that  a  ligature  of  the  main  trunk  at  a 
distance  above  the  wound  stops  only  the  direct  supply  of  blood  to  the  limb, 
but  does  not  interfere  with  the  indirect  or  anastomosing  circulation,  by  which 
means  the  blood  .readily  passes  into  that  portion  of  the  vessel  which  is  beyond 
the  hgature,  and  may,  if  the  anastomosis  be  very  free,  continue  to  escape  from 
the  divided  vessel.  Thus,  though  bright  arterial  blood  may  no  longer  jet 
from  the  wound,  a  continuous  stream  of  the  same  colour  or  of  a  darker  tint  if 
it  has  become  partially  deoxygenated  in  its  passage  through  the  anastomosing 
channels,  will  continue  to  well  out.  This  may  come  from  the  proximal  or 
•distal  end,  or  fi'om  both,  but  most  commonly  from  the  distal  end  only.  If  the 
anastomosis  is  less  free,  ligature  at  a  distance  on  the  proximal  side  may 
temporarily  arrest  the  hemorrhage  by  the  formation  of  a  clot  at  the  seat  of  the 
wound,  but  as  the  anastomosing  circulation  becomes  fully  established  and  the 
blood-pressure  increases,  the  clot  is  forced  out  and  htemorrhage  recommences. 
Thus,  if  a  Surgeon  endeavours  to  arrest  the  flow  of  blood  fi'om  a  wound  of  the 
ulnar  artery  near  the  palm  by  a  ligature  applied  to  the  brachial  in  the  middle 
of  the  arm,  and,  when  the  blood  bursts  forth  as  furiously  as  ever,  appHes 
successive  ligatures  to  the  arteries  of  the  forearm  with  as  little  success ;  he 
will  at  last,  on  account  of  the  continual  recurrence  of  haemorrhage,  be  forced 
to  adopt  the  simple  expedient  that  ought  to  have  been  had  recourse  to  in  the 
first  instance,  namely,  that  of  ligaturing  the  vessel  at  the  point  wounded. 

Another  reason  for  the  practice  now  advocated  is,  that  in  some  cases  the 
Surgeon  cannot  possibly  know  what  artery  is  injured  unless  he  seek  for  it  in 
the  wound  itself.  A  large  artery  may,  fi'om  the  direction  of  the  stab  and  the 
impetuous  flow  of  blood  that  has  followed  it,  appear  to  be  wounded,  when  in 
reahty  it  is  only  a  minor  branch  that  has  been  injured.  Thus,  for  instance,  in 
hfBmorrhage  from  a  stab  in  the  axilla,  which  proved  fatal  notwithstanding  the 
ligature  of  the  subclavian  artery  for  supposed  wound  of  the  axillary,  the  long 
thoracic  was  found  to  be  the  vessel  divided  ;  so,  also,  the  external  iliac  artery 
has  been  ligatured  for  supposed  wound  of  the  common  femoral,  when  in  reality 
it  was  the  external  pudic  that  was  injured. 

Lastly,  when  the  main  artery  of  a  limb  is  wounded,  if  ligature  of  the  trunk 
in  its  continuity  on  the  proximal  side  of  the  wound  should  by  any  chance 

■  succeed  in  arresting  the  bleeding,  the  vessel  is  obliterated  at  two  points— at  the 
•  seat  of  ligature  and  at  the  wound — and,  consequently,  gangrene  is  very  likely  to 

■  occur  as  the  blood  may  have  to  pass  through  two  sets  of  anastomosing  vessels 
'  to  reach  the  parts  below  the  wound. 

This  rule  applies  to  every  case  in  which  it  is  possible  to  expose  the  wounded 
vessel  sufficiently  to  apply  a  ligature  to  it. .  The  only  exceptions  are  wounds 
of  certain  of  the  deep  branches  of  the  carotid  and  some  cases  of.  wound  of  the 
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tleep  ])iilinar  arch  (see  Chai.tcr  XVI).  As  will  Ix:  seeu  licreaftor  it  applies  to 
secondary  as  well  as  to  primary  liajinorrliag-e, 

3.  The  third  great  principle  in  the  treatment  of  wounded  arteries  is,  that 
a  ligature  is  to  be  applied  to  both  ends  of  the  vessel,  if  it  be  com- 
pletely cut  across  ;  or  on  both  sides  of  the  aperture  in  it,  if  it  be 
only  partially  divided. 

The  reason  for  this  rule  of  practice  is  founded  ou  physiolof^ical  grounds  as 
well  as  on  practical  experience.  If  the  anastomoses  of  the  part  be  very  i'ree,  as 
in  the  arteries  of  the  palm  or  forearm,  bleeding  may  continue  fi'om  the  distal 
end,  nnintcrrupted  by  the  ligature  on  the  proximal  side  of  the  wound  :  if  they 
be  less  free,  a  stream  of  dark-looking  venous  blood  will  jjrobably  issue  in 
the  course  of  two  or  three  days.  After  the  collateral  circulation  has  been 
sufficiently  established,  bright  scarlet  blood  will  burst  forth  from  the  distal 
aperture.  Experience  has  shown  that  it  is  in  this  Avay  that  secondary  hasmor- 
rhage  from  wounded  arteries  commonly  occurs,  the  bleeding  coming  from  the 
distal  and  not  from  the  proximal  end  of  the  vessel. 

In  some  cases  the  distal  end  is  so  retracted  and  covered  in  by  surrounding 
parts,  that  it  cannot  be  found  in  order  to  be  ligatured.  In  these  circum- 
stances, if  it  is  not  actually  bleeding,  it  may  be  left  alone  in  the  hope  that 
haemorrhage  will  not  occur.  If,  however,  it  be  bleeding  a  graduated  compress 
mnst  be  applied,  but  such  means  should  never  be  resorted  to  until  the  wound 
has  been  fi-eely  enlarged  and  a  thorough  search  made  for  the  vessel.  If  an 
arterial  branch  happen  to  be  divided  so  close  to  its  origin  that  it  cannot  be 
secured,  the  case  must  be  treated  as  one  of  puncture  of  the  main  trunk,  which 
must  be  ligatured  above  and  below  the  bleeding  orifice. 

Mode  of  Operating. — In  order  to  arrest  the  hasmoiThage  during  the 
operation  a  tourniquet  should  be  applied  if  the  wounded  vessel  is  in  one  of 
the  hmbs.  A  screw  tourniquet  will  usually  be  found  most  convenient,  as  it 
can  be  relaxed  in  order  to  guide  the  Surgeon  to  the  wound  when  the  vessel  is 
exposed,  and  again  tightened  with  little  loss  of  time.  It  is  more  effectual  and 
certain  than  digital  compression  by  an  assistant.  It  -will  often  be  found  a 
great  assistance  to  the  Surgeon  if  the  limb  be  rendered  bloodless  by  Esmarch's 
method  before  commencing  the  operation.  While  this  is  being  done  the 
hsemorrhage  must  be  arrested  by  digital  compression  at  the  most  convenient 
point  above  the  wound.  When  the  wound  is  in  such  a  situation  that  a 
tourniquet  cannot  be  applied,  digital  compression  by  an  assistant  must 
necessarily  be  relied  on.  Haimorrhage  having  been  temporarily  arrested  by 
one  of  the  above  means,  a  large  probe  should  be  passed  to  the  bottom  of  the 
wound  ;  and,  taking  this  as  the  centre,  a  ft-ee  incision  should  be  made  in  such 
a  direction  as  will  best  lay  open  the  cavity  with  the  least  injury  to  the 
muscles  and  other  soft  parts.  After  turning  out  any  coagula  contained  in  the 
wound,  and  clearing  it  as  well  as  possible,  the  injured  vessel  must  be  sought 
for.  The  situation  of  this  may  sometimes  be  ascertained  at  once  by  the 
gaping  of  the  cut  in  its  coats  ;  but,  in  many  cases,  it  is  necessary  to  relax  the 
])ressure  upon  the  artery,  so  as  to  allow  a  jet  of  blood  to  escape,  and  tluis 
indicate  the  position  of  the  aperture.  If  the  vessel  be  only  partially  divided 
it  must  be  cleaned  in  the  way  already  described  Avhen  treating  of  ligature  of 
arteries  in  their  continuity,  and  a  ligature  passed  by  means  of  an  aneurism 
needle  above  and  below  the  wound.  When  tliesc  arc  tied  it  is  safer  to  divide 
the  vessel  completely  at  the  site  of  the  wound.    If  the  vessel  has  been  com- 
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pletely  cut  across,  each  end  must  be  found  aud  drawn  forward  with  the  artery 
forceps  and  tied  as  in  an  open  wound.  This  operation  is  not  always  so  easy 
in  practice  as  it  seems  in  description.  The  artery,  if  completely  divided, 
retracts  considerahly,  and  it  is  often  difficult  to  find  the  ends  in  the  midst  of 
the  areolar  tissue  infiltrated  and  stained  with  blood.  Under  these  circum:- 
stances  a  portion  of  the  sheath  thickened  by  adherent  coagulum  may  be 
mistaken  for  the  artery.  The  proximal  end  is  most  commonly  found  with 
little  difficulty  by  allowing  a  jet  of  blood  to  escape  from  it.  The  distal  end 
may  not  be  bleeding  at  the  time  of  the  operation,  though  blood  would 
probably  escape  from  it  as  soon  as  the  anastomosing  circulation  became 
established.  It  can  then  only  be  found  by  a  careful  search  guided  by  accurate 
anatomical  knowledge. 

The  artery  is  usually  reached  most  easily  by  enlarging  the  original  wound 
in  the  parts  superficial  to  it,  but  Guthrie  advises  that,  in  those  cases  in  which 
the  wound  passes  indirectly  to  the  principal  artery  from  the  back  or  outside 
of  the  limb,  the  Surgeon  instead  of  following  the  track  of  the  wound,  shall  cut 
down  on  the  vessel  where  it  lies  nearest  the  surface  ;  then,  on  passing  a  probe 
through  the  wound,  the  spot  at  which  the  artery  has  probably  been  injured 
will  be  pointed  out,  and  the  ligature  must  then  be  applied  in  the  way  usual  in 
cases  of  primary  htemorrhage. 

ACCIDENTS  AFTER  ARTERIAL  OCCLUSION  BY  SURCJICAL  MEANS. 

The  accidents  that  may  follow  the  application  of  the  ligature,  the  use  of 
acupressure,  or  of  compression  in  any  way  exercised  upon  wounded  arteries, 
are  Intermediate  or  Reactionary  Haemorrhage,  Secondary  or  Recurrent 
Haemorrhage,  and  Grangrene  of  the  Limb. 

Intermediate  or  Reactionary  H^jforrhage. — This  term  is  limited  to 
haemorrhage  occurring  within  twenty-four  hours  of  the  wound  of  the  vessel. 
It  most  commonly  occurs  within  twelve  hours  of  the  infliction  of  the  injury. 

Causes. — At  the  end  of  an  operation  it  frequently  happens  that  the  patient 
is  faint  from  the  combined  shock,  loss  of  blood,  and  the  depressing  influence 
of  the  anaesthetic  ;  at  the  same  time  the  exposure  of  the  wound  to  the  air,  and 
the  mechanical  stimulus  of  the  knife  and  the  sponges,  have  caused  the  greatest 
possible  degree  of  contraction  of  the  mouths  of  the  wounded  vessels.  Under 
these  circumstances,  vessels  of  considerable  size  may  not  yield  a  drop  of 
blood.  As  soon  as  the  wound  is  closed,  however,  and  Avarmly  dressed,  and 
the  patient  put  to  bed,  the  faintness  begins  to  pass  ofl',  the  heart  beats  more 
forcibly,  the  contracted  vessels  dilate,  and  haemorrhage  takes  place.  At  the 
same  time,  if  any  vessel  have  been  imperfectly  tied — owing  to  carelessness  on 
the  part  of  the  Surgeon,  or  to  the  use  of  iDadly-prepared  rigid  catgut — the 
knot  may  yield,  and  the  ligature  may  slip  ofl'. 

Phenomena. — As  the  bleeding  comes  as  a  rule  only  from  the  smaller 
vessels,  it  is  seldom  very  profuse.  It  usually  distends  the  wound,  tightening 
the  stitches,  and  causing  the  patient  considerable  pain. 

•  Treatment. — The  treatment  is  the  same  as  that  of  primary  hfemorrhage. 
If  the  oozing  be  very  slight,  the  part  may  be  raised  and  gentle  pressure- 
applied  ;  if  more  abundant,  the  wound  must  be  opened  up,  and  the  bleeding; 
vessel  secured.  If  the  wound  is  much  distended  by  clots,  the  pressure  thusi 
produced  may  arrest  the  bleeding  ;  but  it  is  better  for  the  patient  under  these; 
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circumstances  to  open  up  the  wound,  turn  out  the  clots,  and  secure  any 
vessel  that  may  be  found,  as  the  mass  of  coagulum  between  the  surfaces  would 
form  a  serious  obstacle  to  union  l)y  the  first  intention. 

If  at  an  operation  the  patient  be  very  faint,  and  the  smaller  arteries  which 
might  be  expected  to  bleed  cannot  be  found,  they  may  sometimes  be  made 
apparent  by  bathing  the  wound  with  carbolic  lotion  or  some  other  antiseptic 
solution  at  a  temperature  of  about  98°  Fahr.  In  private  practice  it  is  better 
to  do  all  operations  if  possible  early  in  the  m(n'ning,  so  that  if  reactionary 
hEemorrhage  should  occur,  it  may  take  place  in  the  day  and  not  in  the  night. 

Secon]:)AIIY  ok  Recureent  HiEMORRHAGE. — By  Secondary  Rgemorrhage 
is  meant,  bleeding  which  comes  on  after  the  employment  of  any  of  the  above- 
mentioned  modes  of  arresting  haemorrhage  at  any  period  after  the  first  twenty- 
four  hours.  This  accident  may  arise  from  a  ^^ariety  of  causes,  which  may  be 
divided  first  into  two  great  classes  : — 1 .  Constitutional  Causes  ;  and  2.  Local 
Causes. 

Constitutional  Causes. — It  has  already  been  pointed  out  that  the  healthy 
closure  of  a  wounded  artery  is  a  process  analogous  in  e"\'ery  respect  to  union  by 
first  intention  ;  the  internal  coagulum  ser\ang  the  important  purpose  of  pro- 
tecting the  soft  new  tissue,  by  means  of  which  the  mouth  of  the  wounded 
vessel  is  being  closed,  fi-om  the  direct  imjDulse  of  the  wave  of  blood  from  the 
heart.  All  those  constitutional  conditions  which  have  already  been  described 
as  being  unfavoui'able  to  union  by  the  first  intention,  are  therefore  equally 
unfavom-able  to  the  closure  of  a  wounded  ai'tery,  and  consequently  act  as  pre- 
disposing causes  of  secondaiy  liEemorrhage.  In  some  cases  of  septiccciriia  and 
in  pycemia  the  blood  is  found  to  coagulate  imperfectly,  and  in  these  the 
internal  coagulum  may  be  more  or  less  completely  wanting,  thus  exposing  the 
feeble  granulation- tissue,  closing  the  vessel,  to  the  direct  impulse  of  blood  from 
the  heart.  In  such  cases,  even  if  a  clot  of  blood  does  form  at  first,  it  is  liable 
to  disintegrate  and  to  be  washed  away. 

In  some  cases  secondary  haemorrhage  appears  to  be  in  part  due  to  the 
forcible  and  excited  action  of  the  heart  during  the  early  stages  of  traumatic  fever. 
The  patient  is  restless,  and  the  pulse  quick  and  bounding.  In  such  circmn- 
stances  if  the  bleeding  be  not  too  profuse,  it  sometimes  appears  to  give  relief 
to  the  symptoms. 

Chronic  Brighfs  disease,  with  increased  arterial  tension  and  hypertrophy  of 
the  heart,  sometimes  acts  as  a  predisposing  cause  of  secondary  hfemoi-rhage, 
which  is  also  more  likely  to  occur  in  plethoric  subjects,  than  in  those  of  a  more 
spare  habit. 

local  Causes. — These  may  be  thus  divided  : — 

1.  Causes  dependent  on  the  Ligature. — If  the  ligature  be  composed  of 
silk  or  hemp,  and  is  apphed  in  such  a  way  as  to  cut  through  the  arterial 
coats  and  to  come  away  from  the  wound,  it  necessarily  excites  inflamnsa- 
tion,  reaching  the  stage  of  suppuration,  and  maintains  the  process  till 
it  has  cut  through  the  vessel  by  ulceration.  The  extent  of  the  inflamma- 
tion will  depend  to  some  degree  u]ion  the  size  of  the  ligature.  If  it  be 
very  fine  and  well  waxed  so  as  to  be  almost  non-absorbent,  the  inflanmia-  • 
tion  will  be  accurately  limited  to  the  parts  in  contact  with  the  thread.  If, 
however,  it  be  thick  and  soaked  in  decomposing  discharges,  the  inflammation 
may  extend  moi-e  widely  and  interfere  with  the  ]iroper  development  of  the 
granulation-tissue  closing  the  divided  inner  and  middle  coats  ;  consequently, 
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as  soon  as  the  process  of  ulceratiou  has  perforated  the  external  coat,  the  blood 
bursts  forth.  It  has  long  been  recognized  that  the  finer  the  ligature,  the  more 
safely  does  it  occlude  the  vessel,  provided  it  be  of  sufficient  strength  to  divide 
the  inner  and  middle  coats  when  it  is  tightened.  The  thicker  the  ligature, 
the  more  irritation  it  causes,  and  the  more  speedily  it  ulcerates  through  the 
external  coat  of  the  artery. 

If  the  ligatiu'e  be  absorbable  it  should,  as  before  stated,  give  rise  to  no 
suppuration  in  its  immediate  neighbourhood.  It  may,  however,  fail  to  prove 
iinirritating,  first  if  it  be  improperly  prepared,  and  secondly,  if  it  be  allowed 
to  come  in  contact  with  decomposing  discharges.  Some  of  the  absorbable 
ligatm-es  also  present  the  danger  of  prematui'e  softening,  in  consequence  of 
which  the  support  of  the  constricted  external  coat  is  taken  away  from  the  soft 
new  tissue  closing  the  vessel,  before  it  is  sufficiently  strong  to  resist  the  blood- 
pressure  within  the  artery. 

2.  Causes  dependent  on  the  mode  of  application  of  the  ligature. — Secondary 
hcemoiThage  may  result  from  sloughing  of  the  vessel,  if,  in  the  process  of 
cleaning  it  for  passing  the  ligature,  it  be  too  widely  separated  from  the  sheath. 
On  the  other  hand,  if  the  artery  be  insufficiently  cleaned  and  other  structures, 
as  pieces  of  muscle  or  a  neighbouring  nerve,  be  included  in  a  nou-absorbable 
ligature,  the  vessel  is  seldom  safely  occluded  ;  first,  because  its  coats  are  not 
properly  divided,  and  secondly,  because  of  the  more  extensive  sloughing  and 
ulceration  resulting  from  the  inclusion  of  so  large  a  mass  in  the  noose  of  the 
ligatm-e.  With  absorbable  ligatures  the  dangers  arising  from  imperfect 
cleaning  are  much  less,  as  the  ligature  does  not  separate  by  ulcerating  through 
the  mass  included  in  its  noose  ;  but  no  Surgeon  would  on  this  account  relax 
his  endeavours  to  clean  an  artery  perfectly,  even  when  using  an  absorbal)le 
ligature. 

The  wound  of  a  collateral  branch  immediately  above  the  ligature,  though  it 
iloes  not  perhaps  give  rise  to  troublesome  h£emorrhage  at  the  time,  will,  as 
[  have  seen,  cause  furious  bleeding  as  the  collateral  circulation  becomes 
istabUshed. 

3.  Causes  dependent  upon  the  anatomical  conditions  of  an  artery  at  the  point 
ligatured. — The  rush  of  Mood  through  a  neighbouring  trunk  or  collateral  branch 
immediately  above  the  ligature  has  been  considered  as  likely  to  interfere  with 
the  formation  of  the  internal  coagulum  ;  but  too  much  importance  should  not 
Ije  attached  to  this,  for  Porter  tied  the  carotid  successfully  within  oue- 
■ighth  of  an  inch  of  the  brachio-cephalic  artery ;  Bellingham  hgatured 
the  external  iliac  close  to  its  origin  ;  and  Aston  Key,  the  subclavian  in  tlie 
vicinity  of  a  large  branch,  without  secondary  haimorrhage  ensuing.  But, 
although  the  ligature  may  be  safely  applied  near  a  branch  on  its  proximal 
-ide,  I  think  that  the  presence  of  a  collateral  branch  in  close  proximity  to  the 
ilistal  side  of  the  ligature — moi-e  especially  if  it  be  one  that  serves  to  carry  on 
the  anastomosing  circulation — will  be  found  to  have  a  decided  tendency  to 
prevent  the  occlusion  of  the  distal  end  of  the  artery,  and  thus  to  favour  the 
occurrence  of  secondary  haemorrhage. 

Secondary  hasmorrhage  is  more  liable  to  occur  when  an  artery  is  tied  in  its 
continuity,  than  when  it  is  completely  divided.    This  is  probably  due  to  the 
longitudinal  strain  exerted  upon  the  part  of  the  artery  injured  by  the  ligature. 
When  an  artery  is  completely  divided  each  end  is  retracted  for  some  distance, 
lid  thus  longitudinal  tension  is  relieved.    In  many  arteries  the  strain  can  be 
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relieved  by  placing  the  part  in  sucli  a  position  as  to  relax  the  vessel.  To 
avoid  this  source  of  danger,  Abernethy,  and  some  other  Surgeons,  adopted 
the  plan  of  dividing  the  artery  between  the  ligatures  in  every  case  ;  and  the 
practice  has  lately  been  revived  by  Walsham  at  St.  Bartholomew's  Hospital. 
Bleeding,  resembling  true  secondary  liasmorrhage,  may  occasionally  take  place 
some  days  after  the  artery  is  tied,  when  the  collateral  circulation  is  fully 
established,  from  the  Surgeons  having  neglected  to  secure  the  distal  as  well  as 
the  proximal  end. 

4.  Patliological  conditions  of  the  coats  of  the  artery. — Atheroma  and  calcifica- 
tion of  the  coats  of  the  artery  will  often  predispose  to  rapid  ulceration  or 
sloughing  of  the  vessel  in  the  immediate  neighbourhood  of  the  ligature,  which 
consequently  separates  prematurely  :  at  the  same  time  repair  takes  place  less 
perfectly  within  the  vessel.  The  danger  is  less  with  absorbable  hgatures, 
which  do  not  necessarily  cut  through  the  outer  coat.  Fatal  secondary  hsemor- 
rhage  has  occurred  from  a  large  artery,  such  as  the  femoral,  in  consequence 
of  a  small  atheromatous  or  calcareous  patch  having  given  way  immediately 
above  the  ligature,  a  day  or  two  after,  its  application. 

5.  Unhealthy  ^processes  occurring  in  the  ivound. — These  form  by  far  the  most 
common  and  most  important  causes  of  secondary  hsemorrhage.  If  the  end. of 
the  vessel,  instead  of  being  surrounded  by  healthy  granulation- tissue,  is  in 
contact  with  septic  pus,  or  if  the  surface  of  the  wound  be  affected  by  some 
form  of  spreading  inflammation,  as  hospital  gangrene  or  erysipelas,  it  is 
evident  that  the  processes  of  healthy  repair  cannot  go  on  in  it.  It  is  by  the 
exclusion  of  these  unhealthy  processes  more  than  by  anything  else  that 
secondary  hemorrhage  is  to  be  prevented.  If  the  vessel  is  solidly  sealed 
outside  by  firm  granulation-tissue  by  the  end  of  the  third  or  fourth  day,  we 
may  feel  confident  that  the  internal  processes  of  repair  will  be  safely  accom- 
plished. This  can  occur  only  if  the  hemorrhage  has  been  an-ested  by  torsion, 
or  some  form  of  non-irritating  absorbable  ligature,  otherwise  suppuration 
must  be  kept  up  at  the  injured  part  of  the  vessel  till  the  hgature  is  cast  ofi". 
It  is  to  be  hoped,  therefore,  that  the  use  of  absorbable  ligatures  or  torsion, 
combined  with  the  modern  improvements  in  the  treatment,  will  render 
secondary  hsemorrhage  from  operation-wounds  one  of  the  rarest  of  surgical  j 
accidents. 

Phenomena. — The  occurrence  of  secondary  ha3moiThage  is  usually  some- 
what gradual,  and  not  without  warning.  The  blood  does  not  burst  forth  in  a 
sudden  gush,  but  appears  at  first  in  small  quantity,  oozing  out  of  the  wound 
and  staining  the  dressings  ;  it  may  then  cease  to  flow  for  a  time,  probably 
from  the  opening  in  the  artery  becoming  plugged  by  a  piece  of  clot,  but  it 
breaks  out  again  in  the  course  of  a  few  hours,  weUing  up  freely  in  the  wound, 
and  either  exhausting  the  patient  by  repeated  losses,  or  else  debilitating  him 
so  that  he  falls  a  victim  to  some  secondary  disease,  such  as  pneumonia, 
erysipelas,  or  pyemia.  In  other  cases  again,  after  a  few  warnings,  the  blood 
may  burst  out  in  a  gushing  stream  that  quickly  destroys  life. 

The  opportunities  which  I  have  had  of  examining  the  state  of  the  vessels  m 
several  cases  of  fatal  secondary  hemorrhage,  lead  me  fully  to  concur  with 
Guthrie  and  Porter,  that  when  hemorrhage  occurs  from  an  artery  ligatured 
in  its  continuity,  the  blood  in  the  great  majority  of  instances  comes  from  the 
distal  and  not  from  the  proximal  side  of  the  wound.  The  greater  tendency  in 
the  distal  end  of  the  vessel  to  bleed,  appears  to  arise  partly  from  the  les." 
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|ierfect  occlusion  of  this  portion  of  the  artery,  aud  partly  from  its  gTcater 
liability  to  slough,  in  consequence  of  the  ligature  interrupting  its  supply  of 
blood  through  the  vasa  vasorum.  It  is  no  objection  to  this  opinion  that  the 
fatal  ha3morrhage  is  often  arterial ;  for,  though  it  is  true  that  the  blood  which 
is  carried  to  the  distal  end  is,  for  the  first  few  days  after  the  application  of  a 
h'gature,  of  a  venous  hue,  yet,  after  the  collateral  circulation  is  freely 
established,  it  assumes  a  more  scarlet  tint,  and  at  last  becomes  completely 
arterial. 

Periods  at  which  it  occurs. — Secondary  haemorrhage  may  come  on  at 
any  time  from  twenty-four  hours  after  the  operation  to  the  closure  of  the 
wound.  When  the  separcible  silk  ligature  is  used,  it  is  particularly  apt  to 
occur  about  the  period  of  the  separation  of  the  ligature. 

1.  When  hfemorrhage  occm-s  aloiit  the  time  of  the  se-^mration  of  the  ligature, 
it  may  arise  from  any  of  the  causes  already  specified  as  interfering  with  the 
due  formation  of  an  internal  coagulum,  or  that  occasion  ulceration  and 
sloughing  of  the  coats  of  the  vessel.  The  occurrence  of  haamorrhage  at  this 
time  is  often  connected  with  the  rapid  and  full  pulse  accompanying  septic 
traumatic  fever  in  an  otherwise  robust  and  healthy  patient. 

2.  In  some  cases  in  which  the  ligature  has  sejparated,  iut  the  wound  has 
remained  open,  the  hfemorrhage  may  take  place  from  the  cicatrix  in  the  artery 
being  too  weak  to  support  the  impulse  of  the  blood.  Continuance  of  the 
open  state  of  the  wound  alter  the  separation  of  the  ligatui-e,  is,  most  probably 
dependent  either  upon  the  presence  of  a  small  slough  at  the  bottom  of  the 
wound  where  the  noose  of  the  ligature  has  lain,  or  upon  insufficient  drainage 
of  the  long  suppurating  track  left  by  the  ligature.  The  length  of  time  that 
sometimes  elapses  between  the  separation  of  the  ligature  and  the  occurrence  of 
haemorrhage  is  very  remarkable  :  thus,  there  is  in  St.  Thomas's  Hospital  a 
preparation  of  a  carotid  artery,  from  which  secondary  hsemorrhage  took  place 
in  the  tenth  week  after  ligature  ;  and  South  mentions  a  case  of  ligature  of  the 
subclavian  in  which  the  thi-ead  separated  on  the  twenty-seventh  day,  the  fatal 
hasmorrhage  occurring  in  the  thirteenth  week. 

When  an  aisoriadle  ligature  is  used,  if  from  any  of  the  causes  before  men- 
tioned, it  fails  to  become  absorbed,  secondary  haemorrhage  may  occur  at  the 
same  time  as  with  the  separable  ligature.  It  may,  however,  come  on  at  an  earlier 
period,  the  third  or  fourth  day,  fi'om  premature  softening  of  the  catgut,  if  that 
material  be  used.  Experience  has,  however,  shown  that  this  is  a  very  rare 
accident  ;  and  it  can  scarcely  occur  if  the  gut  be  properly  prepared,  and  if  it 
be  protected  from  the  influence  of  decomposing  discharges. 

Prevention  of  Secondary  Heemorrliage.— In  all  cases  in  which  a  large 
artery  has  been  wounded,  or  tied  in  its  continuity,  care  should  of  course  be 
taken  to  prevent  this  accident,  if  possible,  by  keeping  the  patient  perfectly 
quiet,  avoiding  undue  stimulation,  and  keeping  the  bowels  open.  Not  long  ago  a 
patient  nearly  died  in  University  College  Hospital  from  secondary  liasmorrhage 
which  commenced  while  she  was  straining  violently  at  stool.  When  there 
is  marked  arterial  tension  with  a  full  and  rapid  pulse  it  may  sometimes  be 
advisable  to  have  recourse  to  venesection  if  from  the  state  of  the  wound  there 
is  any  special  reason  to  fear  secondary  haemorrhage.  Of  all  means  of  avoiding 
this  accident,  however,  the  prevention  of  septic  processes  in  the  wound  is  by 
far  the  most  important.  Secondary  haemorrhage  may  be  said  never  to  occur 
in  a  wound  healing  healthily  without  suppuration.    Should  suppuration  occui- 
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and  the  wound  open  up  so  that  the  maiu  vessels  cau  be  seen  beating  forcibly, 
the  danger  of  the  patient  is  great.  He  should  then  l)e  carefully  watched, 
the  diet  may  be  lowei-ed,  and  the  artery  compressed  digitally  at  tlie  most 
convenient  spot  above  the  wound. 

Teeatment  of  Secondary  Arterial  H^morrhaoe. — In  the  treatment 
of  secondary  hasmorrhage,  as  in  that  of  primary',  we  are  guided  by  definite 
rules  to  which  there  are  few  exceptions.  These  rules  are  two  in  number. 
1.  That  even  if  the  hmmorrhage  has  ceased  spontaneously,  operative  interference 
is  necessary  to  prevent  its  return ;  and,  2.  That  the  means  of  arresting  the 
hemorrhage  should,  if  possible,  be  applied  at  the  bleeding  point.  These 
principles  are  now  almost  uni^'ersally  recognised,  and  form  the  only  safe  guide 
in  the  treatment  of  this  most  anxious  complication. 

1.  That  even  if  the  haemorrhage  have  ceased  spontaneously,  opera- 
tive interference  is  necessary  to  prevent  its  return. — This  rule,  it  will 
be  observed,  is  the  reverse  of  that  by  which  we  are  guided  in  primary 
haemon'hage.  It  is  founded  on  our  knowledge  of  the  phenomena  of  secondary 
haemorrhage  as  described  on  p.  452.  After  the  first  outbreak,  even  though 
the  bleeding  may  cease  for  a  time,  it  is  almost  certain  to  recur.  When  a 
repetition  of  secondary  h£emorrhage  has  taken  place,  the  patient's  condition 
becomes  most  critical  ;  the  efforts  of  nature  can  no  longer  be  relied  on  to 
arrest  the  bleeding,  and  the  last  and  fatal  gush  may  occur  at  any  moment. 
Hence  the  Surgeon  must  in  such  circumstances  lose  no  time  :  there  must  be 
no  dallying,  no  hoping  that  the  bleeding  will  not  recur,  no  resorting  to 
temporary  and  inefficient  expedients  :  but  the  case  must  be  at  once  and 
decisively  taken  in  hand.  In  no  circumstances  are  more  coohiess  and  more 
surgical  knowledge  required,  than  in  adopting  a  decisive  and  immediate  hne 
of  action  in  a  case  of  secondary  hasmorrhage.  There  is  no  time  for  delay,  no 
time  for  consultation,  none  for  reference  to  books  ;  but  the  Sm-geon  must  act 
at  once  on  his  own  responsibility. 

The  only  exception  to  this  first  rule  is  when  the  hajmorrhage  occurs  a  few 
days  after  the  operation,  and  is  very  small  in  quantity,  amounting  to  no  more 
than  a  slight  oozing.  Under  these  circumstances,  elevation  of  the  part,  the 
application  of  cold  and  moderately  firm  bandaging  over  a  cotton-wool  or 
other  elastic  dressing,  so  as  to  press  the  surfaces  of  the  wound  against  each 
other,  will  sometimes  arrest  the  bleeding.  If  the  oozing  continue,  however, 
more  efficient  means  must  be  adopted  without  delay. 

2.  That  the  means  of  arresting  haemorrhage  should,  if  possible, 
be  applied  at  the  bleeding-point.— This  rule  is  the  same  as  that  for 
dealing  with  primaiy  hemorrhage.  The  following  are  the  chief  reasons  upon 
which  it  is  founded.  First,  until  the  wound  is  opened  up  it  is  impossible  to 
say  ft-om  what  vessel  the  bleeding  proceeds;  Thus  after  amputation  of  the 
thigh  it  may  come  from  brancihes  of  the  profunda  or  fi-om  the  superficial 
femoral.  In  some  cases  it  may  hapjien  that  no  large  vessel  is  bleeding,  the 
hEcmorrhage  proceeding  I'roni  the  soft  granulation-tissue  lining  an  unhealthy 
cavity.  In  186G  a  man  was  admitted  into  University  College  Hospital  under 
my  care  on  account  of  very  serious  secondary  haemorrhage  from  a  gun-shot 
wound  on  the  inner  side  of  the  arm,  exactly  in  the  line  of  the  brachial  artery, 
from  which  it  was  supposed  to  proceed.  The  wound  was  fi-ccly  enlarged  and 
a  foul  cavity  was  exposed  lined  with  soft  unliealthy  granulation-tissue,  but  no 
large  vessel  was  found  to  be  bleeding.    The  cavity  was  cleaned  out  and  the 
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bleeding  did  not  recur.  Twenty  years  afterwards  the  man  was  admitted  for 
auother  accident,  and  the  lorachial  artery  could  then  be  seen  running  close  to 
the  scar  and  evidently  uninjured.  Spcondlij. — If  the  main  trunk  be  tied  at  a 
distance  on  the  proximal  side,  if  the  operation  succeeds  in  arresting  the 
bleeding,  the  artery  will  be  obliterated  in  two  places,  at  the  seat  of  ligature 
ajid  at  the  wound,  and,  for  the  reasons  already  given,  gangrene  is  very  likely 
to  occur.  Thirdly. — If  the  anastomosing  circulation  is  so  free  that  gangrene 
does  not  occur,  it  is  very  probable  that  the  operation  of  ligature  at  a  distance 
would  fail  to  arrest  the  bleeding.  Fourililij. — The  ligature  of  the  main 
trunk  on  the  proximal  side  involves  the  performance  of  a  serious  operation  on 
a  patient  in  a  most  unfavourable  condition  from  loss  of  blood  and  septic  fever, 
and  possibly  also  from  some  infective  process  such  as  eiysipelas,  hospital 
gangrene,  or  pyaemia.  Fifthly. — As  secondary  hajmorrhage  almost  invariably 
occurs  as  a  consequence  of  septic  inflammation  and  suppuration  in  the 
wound,  the  patient's  condition  is  usually  improved  by  opening  it  up  and 
cleaning  it  out  with  some  eflHcient  antiseptic.  For  this  reason  the  patient 
will  in  most  cases  be  benefited  by  the  attempt  to  secure  the  bleeding  vessel 
in  the  wound,  even  if  the  operation  cannot  be  completed,  and  the  Surgeon 
is  driven  as  a  last  resource  to  tic  the  vessel  at  a  distance  on  the  jiroximal 
side. 

The  only  argument  of  any  importance  which  has  been  brought  forward 
against  the  rule  of  operating  at  the  bleeding  point  is  that  as  the  first  ligature 
has  failed,  probably  from  the  unhealthy  condition  of  the  wound,  the  second 
ligature  is  likely  to  fail  also  from  the  same  cause  if  applied  at  the  bleeding 
point,  and  that  if,  in  order  to  reach  a  healthy  part,  the  artery  is  exposed  at  a 
higher  point  by  an  incision  continuous  with  the  original  wound,  the  fresh  raw 
surface  will  inevitably  he  infected  from  the  foul  wound.  Against  this  it  may 
he  urged  that  it  is  very  possible  that  the  fresh  incision,  even  if  made  at  a 
distance,  may  become  infected  witli  the  unhealthy  process  affecting  the 
original  wound,  especially  in  cases  of  erysipelas,  hospital  gangrene,  or  wouud- 
diphtheria,  and  thus  nothing  would  be  gained  by  ajDplying  a  ligature  at  a 
distance  on  the  proximal  side.  Moreover,  when  the  wound  is  freely  opened 
up  it  may,  in  most  cases,  be  brought  into  a  healthy  condition  by  the  free 
application  of  some  powerful  antiseptic,  such  as  chloride  of  zinc  (gr.  40  to 
or  perchloride  of  mercury  (1  in  50(0,  ^^^^  afterwards  dusting  the  surface  with 
iodoforai,  and  ajjplyiug  some  antiseptic  dressing. 

For  these  reasons  it  may  be  stated  as  a  general  rule,  to  which  there  are  but 
few  exceptions,  that  however  deep,  inflamed,  and  sloughy  the  wound ;  however 
ill-conditioned  and  infiltrated  with  pus  or  blood  the  neighbouring  parts  may 
be,  there  is  no  safety  to  the  patient  unless  the  artery  be  cut  down  upon  and 
tied  at  the  part  injured.  An  operation  of  this  kind  is  often  attended  with 
the  greatest  possible  difficulty,  not  only  owing  to  the  haemorrhage  that  usually 
accompanies  it  and  obscures  tlie  parts,  but  also  in  consequence  of  the  inflamed, 
iufiltrated,  and  sloughy  condition  of  the  tissues  in  the  woimd.  In  applying 
the  ligature  under  the  circumstances  here  indicated,  viz.,  in  a  wound  that  is 
sloughy  and  suppurating,  the  tissues  will  necessarily  have  in  a  great  degree 
lost  their  cohesion  and  firmness  ;  and  although  the  arterial  coats  resist  the 
disorganizing  influence  of  inflammation  much  longer  than  areolar  or  muscular 
tissue,  yet  they  will  also  have  become  softened  and  less  resistant.  Hence  the 
vessel  must  be  isolated  with  gentleness  and  care,  and  the  hgature  very  care- 
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fully  tied,  uo  undue  force  being  used,  hi  many  cases  it  will  be  necessary  to 
expose  the  artery  a  short  distance  from  the  surface  of  the  wound  in  order  to 
find  a  part  sufficiently  healthy  to  hold  the  ligature. 

The  excqitiom  to  this  rule  are  in  the  first  jilace  the  same  as  in  primary 
hc^morrhage,  viz.,  the  dee]^  branches  of  the  carotid  and  some  cases  of  wound 
pf  the  deep  palmar  arch.  Secondly,  in  extremely  foul  or  sloughing  wounds,  or 
■in  cases  of  hospital  gangrene,  the  Surgeon  may  fail  to  secure  the  bleeding 
point  by  ligature  or  other  means,  and  under  these  circumstances  proximal 
hgature  is  his  only  resource.  Thirdly,  if  the  bleeding  has  recurred  more  than 
once  after  ligature  in  the  wound  the  Surgeon  may,  as  a  last  chance,  apply  a 
ligature  to  the  mam  trunk  at  a  distant  point. 

In  applying  these  rules  it  must  be  considered  whether  the  bleeding  takes 
place,  1,  from  a  stump  ;  and,  2,  from  an  artery  tied  in  its  continuity  or 
ligatured  on  each  side  of  a  wound. 

1.  The  treatment  of  secondary  haemorrhage  from  a  stump  will  depend 
partly  on  the  degree  of  union  that  has  taken  place  between  the  flaps,  and  on 
the  situation  of  the  stump.  If  the  hEemorrhage  be  no  more  than  a  sbght 
oozing,  elevation  and  pressure  may  arrest  it.  If  it  continue,  however,  or  become 
more  severe,  the  flaps,  which  will  have  been  torn  apart  by  the  effusion  of  blood, 
must  be  separated,  and  the  bleeding  vessels  sought  for  and  tied.  When  the 
stump  is  sloughy,  and  the  tissues  softened,  ligatures  will  not  hold  ;  in  these 
circumstances,  application  of  the  actual  cautery  to  the  l)leeding  points  will 
often  arrest  the  flow  of  blood.  If  the  oozing  appear  to  be  nearly  general  fi-om 
the  number  of  points,  the  flaps  being  somewhat  spongy,  I  have  succeeded  in 
arresting  the  hemorrhage  by  clearing  their  surfaces  thoroughly  of  all  coagula, 
and  then  bringing  them  tightly  together  by  means  of  a  roller. " 

If  the  hEemorrhage  occur  at  a  later  period,  after  the  tenth  day,  when 
tolerable  union  has  taken  place,  and  if  it  appear  to  proceed  from  the  principal 
artery  of  the  part,  the  application  of  a  horse-shoe  tourniquet  at  a  distance  has 
been  known  to  stop  all  further  loss  of  blood,  but  it  is  not  a  mode  of  treatment 
which  can  be  relied  on.    In  most  cases  the  union  that  has  taken  place  between 
the  flaps  will  have  been  broken  down,  and  in  these  circumstances  the  proper 
practice  is  to  open  up  the  stump,  to  turn  out  the  coagula  and  to  search  for  the 
bleeding  vessel  and  tie  it.    If,  however,  notwithstanding  the  ha^mon-hage,  the 
union  between  the  flaps  continues  sound  and  firm,  the  blood  flowing  merely 
through  a  narrow  channel  leading  to  the  main  vessel,  the  course  to  be  adopted 
must  to  some  extent  depend  upon  the  stump  with  which  we  have  to  do.  In 
most  cases  the  rule  must  be  adhered  to.    The  wound  must  be  opened  up,  all 
adhesions,  however  firm,  being  broken  down  with  the  finger,  and  the  artery 
must  be  secured  at  the  bleeding  point.    If  there  be  a  difficulty  in  exposing 
the  vessel,  or  in  clearing  it  so  that  the  ligature  will  hold,  acupressure  may  be 
advantageously  substituted  for  the  ligature,  and  the  effect  of  this  may  be 
increased  by  the  continuous  employment  of  digital  compression  at  the  most 
convenient  point  on  the  proximal  side.    Besides  the  main  artery  tliat  bleeds — 
one  of  the  tibials,  for  instance,  if  it  be  a  leg-amputation — there  will  generally 
be  very  free  oozing  from  many  points.    The  more  abundant  of  these  may  be 
stopped  by  a  ligature  passed,  if  the  tissues  be  friable,  by  means  of  a  nfevus- 
needle  under  the  vessels  ;  the  rest  will  cease  on  the  application  of  cold  and  on 
raising  the  stump.    The  flaps  may  then  be  brought  together  by  strips  of 
plaster  and  a  bandage,  and  will  usually  very  readily  unite. 
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:  The  Hnuterian  operation  of  tying  the  vessel  high  np  at  a  distance  from  the 
stump  should,  I  think,  in  the  first  instance,  be  undertaken  only  in  those  cases 
^vhere  the  amputation  has  been  done  close  to  the  trunk,  as  at  the  shoulder- 
joint,  or  the  middle  or  upper  part  of  the  thigh,  and  Avhere  consequently  there 
is  no  length  of  limb  to  be  nourished  by  the  artery  that  is  ligatured,  and  where 
opening  up  an  almost  cicatrized  stump  of  very  large  size  would  inflict  a 
greater  shock  upon  the  system,  and  more  subsequent  danger,  than  the 
deligation  of  an  artery  by  an  independent  operation.  Hence,  although  in  no 
case  of  secondary  hEemorrhage  from  a  leg-stump  below  the  knee  would  I 
ligature  the  femoral  in  preference  to  opening  up  the  flaps  and  securing 
the  vessels  in  them,  if  this  were  practicable,  yet  in  secondary  hemorrhage 
after  amputation  of  the  thigh,  the  case  might  be  difierent;  here,  if  good 
union  had  already  taken  place,  and  the  stump  were  not  distended  by  coagula, 
the  main  artery  might  be  tied.  In  such  cases  it  is  clearly  useless  to  ligature 
the  superficial  femoral,  as  the  heemorrhage  may  proceed  from  some  of  the 
branches  of  the  profunda.  Ligature  of  the  common  femoral,  although  at  one 
time  considered  an  unsafe  operation,  has  recently^  been  frequently  performed 
with  success,  and  might  be  done  under  these  circumstances,  although  I  have 
myself  usually  preferred  to  tie  the  external  iliac  just  above  Poupart's  ligament. 
In  disarticulation  of  the  arm  at  the  shoulder-joint,  the  subclavian  artery  must 
be  tied,  either  above  or  just  below  the  clavicle. 

In  any  case,  ligature  of  the  main  artery  of  the  limb  becomes  the  only  and 
the  last  resource,  Avhen,  in  consequence  of  the  softened,  inflamed,  infiltrated  or 
sloughy  state  of  the  tissues  the  Surgeon  is  unable  to  secure  the  bleeding 
vessels  in  the  stump  itself,  the  ligatures  cutting  through  the  disorganized 
coats  of  the  vessels.  This  may  be  done  immediately  above  the  flaps  or  at  the 
most  convenient  point.  In  such  cases  after  amputation  of  the  foot  I  have 
successfully  tied  the  posterior  tibial  low  down,  just  above  the  malleolus. 

2.  When  the  hgemorrhage  occurs  after  ligature  of  an  Artery  in  its 
Continuity,  whether  for  injury  or  disease,  if  the  vessel  be  seated  on  the 
trunk,  as  the  subclavian,  or  one  of  the  ihacs,  there  is  nothing  to  be  done  but 
to  apply  pressure  ;  and  in  the  great  majority  of  these  cases  the  patient  will 
die  exhausted  by  repeated  hemorrhage.  In  employing  pressure  a  graduated 
compress  should  be  firmly  applied.  If  this  cannot  be  done,  prolonged  digital 
compression  in  the  wound  might  possibly  arrest  the  bleeding.  In  a  case  of 
ligature  of  the  innominate,  Smythe,  of  New  Orleans,  arrested  the  bleeding  by 
pushing  a  piece  of  muslin  into  the  wound  and  "filling  the  poach  thus  formed 
with  shot. 

When  the  artery  is  situated  in  one  of  the  limbs,  if  the  bleeding  has  been 
slight  in  amount,  pressure  may  be  tried  by  means  of  a  graduated  compress 
applied  by  means  of  a  ring-tourniquet  over  the  point  from  which  the  blood 
proceeds,  but  if  the  bleeding  has  been  copious,  and  more  especially  if  pressure 
has  failed  after  one  trial,  more  efficient  procedures  must  be  employed. 

If  it  be  one  of  the  arteries  of  the  upper  extremity  the  wound  should  be 
opened  up  and  an  attempt  made  to  expose  the  vessel  thoroughly.  If  it  has 
been  completely  divided  by  the  ligature,  the  bleeding  end  only  need  be  tied, 
but  if  the  hEBmorrhage  jorocecds  from  an  opening  formed  by  ulceration 
opposite  the  knot  of  the  ligature,  the  vessel  should  be  tied  above  and  below 
the  hole  in  its  coats.  Should  this  fail  or  not  be  practicable,  the  artery  must 
b©  deligated  at  a  higher  point  than  that  at  which  it  had  been  previously 
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tied ;  should  tlie  liajmurrliago  continue,  or  recur,  ainputation  is  tlio  only 
resource  left. 

In  the  lower  extremity,  the  treatment  of  secondary  Iia^morrhage  occuri-ing 
after  ligature  is  replete  with  difficulty.  Here  I  helie\e  it  to  he  useless  to  tie 
the  artery  at  a  higher  point  than  that  to  which  the  ligature  has  been  already 
applied,  as  gangrene  is  \'ery  apt  to  follo^\■  this  double  ligature  the  arteries 
of  the  lower  extremity  :  at  least,  in  the  two  or  three  cases  that  1  have  seeu  in 
which  recourse  has  been  had  to  this  practice,  mortification  of  the  limlj  has 
ensued  :  and  in  all  the  reported  cases  with  which  I  am  acquainted,  a  similar 
result  has  occurred.  The  treatment  should  vary  according  as  we  have  the 
femoral  artery  or  one  of  the  tibials  to  deal  with.  If  the  liaemorrhage  proceed 
from  the  femoral,  I  should  be  disposed  to  cut  down  on  the  bleeding  part  of  the 
vessel,  treating  it  as  a  wounded  artery,  and  applying  a  ligature  above  and 
below  the  part  already  deligated  ;  this  operation  would,  however,  necessarily 
be  fraught  w  ith  difficulty.  Should  it  be  impracticable,  or  should  the  ha;mor- 
rhage  recur  after  it  has  been  done,  we  should  best  consult  the  safety  of  the 
patient  by  amputating  on  a  level  with  or  above  the  ligature.  Although  this 
is  an  extreme  measure,  it  is  infinitely  preferable  to  allowing  him  to  run  the  risk 
of  the  supervention  of  gangrene,  w-hich  will  rctjuire  remo\'al  of  the  liml)  under 
less  favourable  conditions.  If  the  secondary  haemorrhage  proceed  from  one 
of  the  tibials,  it  would  be  next  to  useless  to  adopt  either  of  the  preceding 
alternatives.  If  we  ligatured  the  superficial  femoral,  the  lileeding  would  not 
be  permanently  controlled,  or,  if  it  were,  gangrene  of  the  limb  would  in  all 
probability  set  in.  There  are  but  very  few  cases  on  record  in  which  this 
practice  has  been  adopted  without  mortification  occurring.  In  a  few  rare 
instances,  however,  ligature  of  the  popliteal  has,  in  such  circumstances, 
succeeded  ;  but  it  has  also  frequently  failed,  rendering  secondary  amputation 
necessary  ;  so  its  success  is  a  mere  matter  of  chance.  The  depth  at  which  the 
tibials  are  situated  is  so  great,  that  it  would  be  hopeless  to  search  for  one  of 
these  vessels  and  attempt  its  deligation  at  the  bottom  of  a  deep,  sloughy, 
infiltrated  and  inflamed  wound.  In  such  circumstances,  therefore.  I  think  we 
should  amputate  the  leg  above  the  seat  of  wound.  This  is  truly  a  severe 
measure  ;  but  the  only  other  alternative  that  has,  to  my  knowledge,  ever 
succeeded,  is  ligature  of  the  popliteal  ;  and  as  that,  as  already  stated,  has 
frequently  failed,  I  think  that,  as  a  rule,  w^e  should  best  consult  the  safety  of 
the  patient  by  the  removal  of  the  limb  at  once. 

If  the  hemorrhage  occur  from  a  wounded  artery  to  which  ligatures  have 
already  been  applied  above  and  below  the  seat  of  wound,  the  same  treatment 
must  be  adopted  as  in  those  cases  in  which  the  bleeding  takes  place  from  a 
vessel  tied  in  its  continuity. 

Hsemorrhage  from  arteries  opened  by  tdceration  or  slougMng  must 
be  treated  on  the  same  principles  as  secondary  haemorrhage.  If  the  loss  of 
blood  has  been  abundant  we  must  not  wait  for  a  recurrence  of  the  haemorrhage 
before  seeking  for  the  bleeding  point,  and  the  ligature  should,  if  possible,  be 
applied  above  and  below  the  opening  in  the  artery;  proximal  ligature  at  a 
distance  being  oidy  justifiable  when  this  is  impossible,  or  an  attempt  to  carry 
it  out  has  failed. 

GANC4HENE  FOLLOWING  LiGATURE.— After  the  ligature  of  the  main  artery  ol 
a  limb,  the  collateral  circidation  is,  under  all  ordinary  circumstances,  suflicient 
to  maintain  tlie  vitalitv  of  the  ])arts  sujiplied  by  the  deligated  vessel.    In  some 
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uses,  howover,  it  hapiieus  that  the  condition  of  the  circulation  in  the  parts 
iL'low  the  ligature  is  not  compatible  with  their  life. 

The  Period  of  Sapcrvontion  of  gangrene  of  the  limb  extends  over  the  first 
tbi'ce  or  four  weeks  after  the  ligature  of  the  vessel.  It  seldom  sets  in  before 
the  third  day,  but  most  fi-equentlv  happens  before  the  tenth. 

Causes. — The  causes  influencing  the  occurrence  of  gangrene  in  this  way 
.  arc  the  Age  of  the  Patient,  the  Seat  of  the  Operation,  and  various  Conditions 
;  in  which  the  limb  may  afterwards  be  placed. 

The  influence  of  age  is  not,  however,  so  marked  as  might  a  prm-i  be 
5  supposed  :  for,  although  there  can  be  no  doubt  that  there  is  a  less  accommo- 
( dating  power  in  the  arterial  system  at  an  advanced  period  of  life  to  varying 
( quantities  of  blood,  and  that  there  would  be  greater  difficulty  in  main- 
t  tabling  the  vitality  of  a  limb  after  ligature  of  its  artery  in  a  man  of  sixty  than 
i  in  one  of  twenty-five  ;  yet  I  find  that,  of  thirty  cases  in  which  gangrene  of 
I  the  lower  extremitv  followed  the  ligature  either  of  the  external  iliac  or  femoral 
:  arteries,  the  average  age  of  the  patient  was  thirty-five  years,  as  nearly  as 
1  possible  the  mean  age  at  which  these  operations,  according  to  Norris's  Tables, 
s  are  generally  performed.  Of  these  cases  of  gangrene  two  occun'ed  in  persons 
I  under  twenty  years  of  age,  eleven  between  twenty  and  thirty,  eight  between 
t  thirty  and  forty,  and  nine  above  forty. 

The  seat  of  the  OjJeration  infiuences  greatly  the  liability  to  gangrene,  which 
lis  much  more  frequent  after  the  ligature  of  the  arteries  in  the  lower  than  in 
tthe  upper  extremity. 

Besides  these  predisposing  causes,  gangrene  after  liga-ture  may  be  directly 
I  occasioned  by  a  deficient  supply  of  arterial  Hood.  In  some  cases  this  may  arise 
I  from  the  collateral  yessels  Ibeing  unable,  in  consequence  of  the  rigidity  of  their 
t  coats,  to  accommodate  themselves  to  the  increased  quantity  of  blood  which 
i  they  are  required  to  transmit  ;  or  they  may  be  compressed  in  such  a  way  by 
( extravasation  as  to  be  materially  lessened  in  their  capacity.  In  other  instances 
t  again,  the  existence  of  cardiac  disease  may  interfere  with  the  proper  supply  of 
blood  to  the  part. 

Great  loss  of  blood,  either  in  consequence  of  secondary  haemorrhage,  or  from 
:  any  other  cause,  before  or  after  the  application  of  the  ligatm-e,  is  often 
•  followed  by  gangrene,  and  is  almost  certain  to  be  attended  by  this  result  if  a 
second  ligature  have  been  applied  to  a  higher  point  in  the  lower  extremity. 
That  a  diminution  in  the  quantity  of  blood  circulating  in  the  system  may, 
1  under  the  most  favourable  circumstances,  become  a  cause  of  gangrene  after 
t  the  ligature  of  a  main  artery,  is  illustrated  by  the  statement  of  Hodgson  that, 
^  soon  after  the  introduction  of  the  Hunterian  operation  into  Paris,  it  was  the 
1  custom  to  em])l(jy  repeated  venesection  in  the  cases  operated  on  :  the  conse- 
'  quence  of  which  was,  that  mortification  was  of  frequent  occurrence. 

A  more  common  cause  of  gangrene  is  the  difficuUtj  experienced  ly  tlie  venous 
'  Hood  in  its  return  from  the  limb.  This  difficulty  always  exists  even  when  no 
mechanical  obstacle  impedes  the  return,  being  dependent  on  the  want  of  a 
;  proper  vis  a  teryo  to  drive  on  the  blood.  The  propulsi\-e  force  of  the  heart, 
the  main  agent  in  the  venous  circulation,  is  largely  expended  in  driving  the 
blood  through  the  narrow  and  circuitous  channels  of  the  anastomosing  vessels. 
This  difficulty  to  the  onward  passage  of  the  venous  blood  may,  if  there  exist 
any  cause  of  obstruction  in  the  larger  venous  trunks,  be  readily  increased  to 
such  an  extent  as  to  arrest  the  circulation,  and  so  cause  the  limb  to  mortify. 
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This  mechanical  obstacle  may  be  dependent  upon  the  occlusion  of  the  vein  by 
thrombosis  opposite  the  ligature,  by  its  transfixion  with  the  aneurism-needle, 
or  by  its  accidental  wound  with  the  knife  in  exposing  the  artery.  When 
such  an  injury,  followed  by  inflammation,  is  inflicted  on  a  vein,  which,  like 
the  femoral,  returns  the  great  mass  of  blood  from  a  limb,  gangrene  is  almost 
inevitable. 

The  supervention  of  enjsi2Jelas  in  the  limb  after  the  application  of  a 
ligature,  though  fortunately  not  of  very  frequent  occurrence,  is  a  source  of 
considerable  danger,  being  veiy  apt  to  give  rise  to  gangrene  by  the  tension  of 
the  parts  obstructing  the  anastomosing  circulation.  I  have  on  two  occasions 
seen  gangrene  of  the  fingers,  from  this  cause,  follow  ligature  of  the  vessels  of 
the  fore -arm. 

AlstracUon  of  heat  from  the  limb,  either  directly  Ijy  the  application  of 
cold,  or  indirectly  by  the  neglect  of  sufficient  precautions  to  keep  up  the  tem- 
perature of  the  part,  often  occasions  gangrene  :  thus  Sir  A.  Cooper  saw  mortifi- 
cation follow  the  application  of  cold  lead-lotion  to  a  limb  in  which  the  femoral 
artery  had  been  tied ;  and  Hodgson  witnessed  the  same  result  when  the  opera- 
tion' Af  as  performed  at  an  inclement  season  of  the  year. 

The  incautious  application  of  heat  may  occasion  mortification,  by  over- 
stimulating  the  returning  circulation  of  the  limb,  especially  about  the  period 
when  the  rising  temperature  indicates  distension  of  the  capillary  vessels.  In 
this  way  the  application  of  hot  bricks  and  bottles  to  the  feet  has  given  rise 
to  sloughing ;  and  Liston  was  compelled  to  amputate  the  thigh  after  hgature 
of  the  femoral  artery,  for  gangrene  induced  by  fomenting  the  limb  with  hot 
water. 

The  application  of  a  handage,  even  though  very  cautiously  made,  is  apt  to 
induce  sloughing  and  gangrene.  I  have  seen  this  happen  when  a  roUer  was 
applied  to  the  leg  after  ligature  of  the  femoral  artery,  with  a  view  to  removing 
oedema. 

Character.— The  gangrene  fi-om  ligature  of  an  artery  is  almost  invariably 
of  the  moist  kind,  as  it  usually  arises  from  diminished  vis  a  tergo  and  conse- 
quent stagnation  of  blood.  The  hmb  first  becomes  oedematous  ;  vesications 
then' form  ;  and  the  skin  assumes  a  purplish  or  greenish-black  tint,  rapidly 
extending  up  to  the  seat  of  operation.  In  some  cases,  though  they  are  rare, 
simple  mummification  of  the  limb  comes  on;  the  skin  assuming  a  dull 
yellowish-white  hue,  mottled  by  streaks  that  correspond  to  the  veins,  and 
becoming  dry,  horny,  and  shrivelled,  about  the  extensor  tendons  of  the  instep. 

Treatment.— Much  may  be  done  with  the  view  of  preventing  gangrene. 
Thus,  the  limb  should  be  slightly  elevated,  wrapped  up  loosely  in  cotton- 
wadding,  and  laid  on  its  outer  side  after  the  operation.  If  the  weather  be 
cold,  hot-water  bottles  may  be  put  into  the  bed,  but  not  in  contact  with  tJm 
limb.  Should  there  be  any  appearance  of  stagnation  of  venous  blood,  the  plan 
recommended  by  Guthrie  of  employing  continuous  and  methodical  friction  ui 
a  direction  upwards  for  twenty-four  hours,  so  as  to  keep  the  superficial  veins 
emptied,  may  be  practised. 

When  mortification  has  fairly  set  in,  amputation  of  the  limb  should  ha  per- 
formed at  once  as  the  only  chance  of  saving  life,  in  all  those  cases  in  which  the 
patient's  constitutional  powers  are  sufficiently  strong  to  enable  him  to  bear  the 
shock  of  the  operation.  The  limb  should  be  removed  at  the  seat  of  the  ongmal 
wound,  or  opposite  the  point  at  which  the  artery  has  been  tied.    In  those  cases, 
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however,  in  which  the  gangrene  follows  injuiyof  the  femoral  artery  just  below 
Poupart's  ligament,  Guthrie  advises  that  the  amputation  should  be  done  below 
the  knee,  where  the  gangrene  usually  stops.  If  the  gangrene  spread,  with 
( edema  or  serous  infiltration  of  the  limb,  the  amputation  should  be  done  high 
up — at  the  shoulder- joint,  or  in  the  upper  third  of  the  thigh.  In  these  cases 
a  large  number  of  vessels  usually  require  ligature,  having  been  enlarged  by 
1  the  collateral  circulation. 
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CHAPTER  XV. 
TRAUMATIC  ANEURISM  AND  ARTERIO-VENOU.S  WOUNDS. 


TRAUMATIC  ANEURISM. 

We  have  hitherto  discussed  the  treatment  of  an  injured  artery  having  aa 
open  wound  communicating  with  it.  It  often  happens,  however,  that  the  case 
is  not  so  simple  as  that  which  has  been  described,  but  that,  in  addition  to  the 
wound  in  the  vessel,  there  is  subcutaneous  extravasation  of  blood,  with  more  or 
less  pulsation,  thrill,  and  bruit,  from  the  projection  into  it  of  blood  from  the 
wounded  vessel.  This  extravasation  constitutes  a  Traumatic  Aneurism,  and 
may  arise  in  three  ways.  1.  There  maybe  an  oblique  or  indirect  puncture  into 
the  artery,  the  blood  furnished  by  which  partly  escapes  from  the  wound,  partly 
extravasates  itself  into  the  tissues  around  the  vessel.  2.  The  puncture  in  the 
integuments  may  have  been  closed  by  plaster  or  bandage  ;  and  then  no  blood 
•escaping  externally,  although  the  wound  in  the  artery  continues  patent,  the 
blood  is  forced  out  into  the  substance  of  the  Umb  or  part.  3.  There  may  have 
been  no  external  wound,  but  the  artery  may  have  been  jDunctured  or  torn 
across  subcutaneously,  by  the  fi-agments  of  a  fractured  bone,  by  a  violent  strain 
or  twist  of  the  limb,  by  the  injury  inflicted  in  a  dislocation,  or  by  the  Surgeon 
in  his  efforts  to  reduce  it. 

These  traumatic  aneurisms,  in  whatever  way  arising,  are  of  two  kinds,  the 
Diffused  and  the  Circumscribed. 

Diffused  Traumatic  Aneurism. — This  consists  of  an  effusion  of  blood 
poured  out  by  a  wounded  or  ruptured  arteiy  with  which  it  communicatefs  : 
limited  in  extent  by  the  resistance  of  surrounding  parts,  and  partially  cn- 
agulating  in  the  meshes  of  the  areolar  tissue.  It  has  no  sac  ;  and  its  ill- 
defined  boundary,  composed  partly  of  coagulum,  partly  of  inflammatoiy 
exudation  from  the  tissues  into  which  the  blood  is  poured  out,  has  a  constant 
tendency  to  extend  under  the  pressure  of  the  fluid  l)lood,  which  continues  to 
be  projected  into  the  centre  of  the  tumour. 

This  form  of  traumatic  aneurism  is  indicated  by  a  subcutaneous,  soft,  and 
semi-fluctuating  tumour,  often  of  very  considerable  size.  If  the  communica- 
tion be  large  the  tumour  increases  rapidly  in  size,  and  tliis  gives  rise  to  fclie 
most  intense  pain.  At  first  the  skin  covering  it  is  of  natural  colour,  but 
it  gradually  becomes  bluish,  and  is  thinned  by  the  pressure  to  which  it  is 
subjected.  If  the  wound  in  the  vessel  be  rather  large,  there  viWl  be  a 
distinct  pulsation  in  the  tumour  synchronous  with  the  systole  of  the  heart, 
accompanied  by  a  thrilling,  pumng,  or  jarring  sensation,  and  often  a  distinct 
and  loud  bruit.  In  other  cases,  if  the  injured  artery  be  small,  or  if  the  wound 
in  it  be  oblique,  and  of  limited  size,  there  may  l)c  no  distinct  pulsation  or 
bruit ;  the  tumour  being  either  indolent  and  semi-fluctuating,  or  having  an 
impulse  communicated  to  it  by  the  subjacent  artery.  In  those  cases  also  in 
which  the  artery  is  torn  completely  across,  or  in  which  the  cS'used  blood  co- 
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aizulaces  very  rapidly,  the  ordinary  aneurismal  bruit  and  pulsation  may  be  very 
ubscure  or  quite  absent.  In  such  cases  the  diagnosis  is  often  extremely 
difficult.  From  the  redness  of  the  skin,  the  oedema  of  the  subcutaneous 
tissue,  the  rapid  forraatiou  of  the  tumour,  aud  the  severe,  throbbing  pain,  a 
(liflFiise  traumatic  aneurism  closely  resembles  an  acute  abscess,  and  many  cases 
lie  on  record  in  which  an  hicision  has  been  made  into  it  under  this  supposi- 
tion. The  true  nature  and  gravity  of  the  tumour  may  usually  be  recognized 
l)y  observing  that  the  pulse  in  the  arteries  at  a  lower  point  is  absent,  that 
rhere  is  great  cedema  of  the  limb  from  pressure  on  the  veins  accompanying 
the  artery,  and  that  the  tumour  is  situated  in  the  line  of  one  of  the  main 
arterial  trunks.  The  immediate  rehef  experienced  by  the  patient  when  the 
main  trunk  above  the  tumour  is  compressed  may  in  some  cases  aid  in  the 
diagnosis,  but  too  much  reliance  must  not  be  placed  on  this,  as  the  paiu  of 
acute  abscess  may  be  to  some  extent  relieved  in  the  same  way.  In  cases 
iu  which  the  diagnosis  cannot  be  otherwise  made  the  aspirator  may  be  used. 
If  pure  blood  is  withdrawn  in  large  quantities,  the  diagnosis  of  aneurism 
would  be  confirmed  ;  if  only  a  few  drops  of  blood  escaped  it  would  be 
uncertain,  as  these  might  come  from  the  inflamed  tissues  round  an  abscess  ;  if 
pus  mixed  with  blood  appeared  in  the  syringe  it  might  still  be  an  aneurism 
if  the  tumour  had  existed  any  length  of  time,  as  stippuration  might  be  taking- 
place  round  the  extravasated  blood. 

These  tumours,  if  left  to  themselves,  rarely,  if  ever,  undergo  spontaneous  oiu'e. 
They  either  increase  in  size  until  the  integument  covering  them  sloughs  and 
raptures,  or  the  external  wound,  which  has  been  temporarily  plugged  by 
coagulum,  gives  way  ;  or  else  they  inflame  and  suppurate,  pointing  at  last, 
like  an  abscess,  and,  on  bursting,  give  rise  to  a  sudden  gush  of  blood,  which 
may  at  once,  or  by  its  rapid  recurrence,  prove  fatal.  The  combined  obstruc- 
tion to  the  flow  through  the  artery  and  the  pressure  on  the  veins  may  cause 
gangrene  of  the  limb  at  an  early  stage  of  the  case.  In  some  cases  the 
Ijoundary  of  clotted  blood  and  inflammatory  exudation  may  give  way,  and 
the  loss  of  blood  extravasated  into  the  areolar  tissue  beneath  the  fascia  of  the 
limb  may  be  so  great  as  to  cause  death  from  syncope. 

Treatment. — The  treatment  must  be  conducted  on  the  same  plan  as  that  of 
an  injured  artery  communicating  with  an  external  wound ;  the  only  difiference 
titween  the  two  conditions  being  that,  in  the  case  of  the  diffused  traumatic 
iiieurism,  the  aperture  iu  the  artery  opens  into  an  extravasation  of  blood 
instead  of  upon  the  surface.    We  must  especially  be  upon  our  guard  not  to 
l)e  misled  by  the  term  aneurism,  and  not  to  attempt  to  treat  the  extravasation 
resulting  from  wound  or  subcutaneous  laceration,  by  the  means  that  we 
<;mploy  with  success  in  the  management  of  aneurism  proper.    In  a  patho- 
logical aneurism  the  blood  is  contained  within  a  sac,  which,  as  will  hereafter 
lie  shown,  is  essential  for  the  process  of  cure.    In  the  difl"used  traumatic 
irieurism  there  is  no  sac,  properly  speaking;  and  hence  those  changes  to 
vhich  a  aac  is  necessary  cannot  take  place.    I  doubt  \vhethcr  there  is  a  case 
la  record  in  which  the  llunterian  operation,  applied  to  this  condition,  has 
lot  terminated  in  danger  or  death  to  the  patient. 

The  proper  treatment  of  diffused  traumatic  aneurism  consists  in  laying  open 
the  tumour,  removing  the  coagula,  dissecting  or  rather  cleaning  ont  the 
irtery,  and  Hgafcuriug  it  above  and  below  the  wound  in  it.  This  operation, 
efisy  in  description,  is  most  difiicult  and  tedious  in  practice.    '^Phc  bleeding 
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is  often  profuse  ;  the  cavity  tliat  is  laid  open  is  large,  ragged,  and  pai'tially 
filled  with  coagula  ;  it  is  often  with  much  difficulty  that  the  artery  is  found 
under  cover  of  these,  aud  in  the  midst  of  infiltrated  and  disorganized  tissues  ; 
and  when  it  is  found,  it  is  not  always  easy  to  get  a  ligature  to  hold.  It 
will  be  convenient  to  divide  the  operation  into  two  stages  : — 1.  Exposing 
the  artery  ;  2.  Passing  the  ligature. 

Pirst  Stage. — The  limb  should  be  rendered  bloodless  and  a  tourniquet 
applied  whenever  this  is  possible.  A  screw  tourniquet  will  be  found  more  con- 
venient than  the  elastic  band  as  it  can  be  more  readily  relaxed  and  tightened 
when  required.  In  wounds  of  the  axillary  artery  the  subclavian  must  be 
compressed  on  the  first  rib,  and,  if  necessary,  an  incision  may  be  made  above 
tlie  clavicle  to  expose  the  vessel  for  compression  as  recommended  by  Syme. 
In  the  case  of  the  iliac  arteries,  the  common  femoral  or  the  gluteal,  the  cir- 
culation may  be  arrested  by  compression  of  the  aorta.  If  the  artery  can  be 
commanded,  the  diffused  aneurism  may  be  at  once  laid  open  freely  ;  but  if 
not,  tbe  Surgeon  must  proceed  more  cautiously.  He  must  make  a  small 
aperture  in  the  most  prominent  part  of  the  tumour,  and  introduce  one  or  two 
fingers  of  the  left  hand  so  as  to  plug  the  wound  in  the  integuments,  and 
prevent  the  escape  of  blood,  at  the  same  time  feeling  for  the  opening  in  the 
artery,  and  pressing  his  finger  well  upon  this.  Having  ascertained  that  he 
controls  the  vessel  thoroughly  by  the  pressure  of  his  left  index  and  middle 
fingers,  he  may  proceed  freely  to  slit  open  the  wound  in  the  integuments,  and 
clear  the  clots  and  blood  thoroughly  out  of  the  aneurismal  tumour. 

Second  Stage. — The  Surgeon  wiU  now  have  exposed  the  deep  part  of  the 
aneurismal  cavity.  The  artery  must  next  be  cleaned  for  the  application  of 
the  ligature.  If  it  be  commanded  above  by  a  tourniquet  the  Surgeon  care- 
fully searches  for  the  opening  in  the  vessel.  If  he  cannot  at  once  detect 
the  opening  it  may  readily  be  found  by  allowing  a  jet  of  blood  to  escape. 
Having  found  the  opening  he  can  proceed  to  clean  the  artery.  This  may  best 
be  done  by  passing  a  steel  probe,  or,  what  is  better,  a  full-sized  bougie  or 
sound,  into  the  open  wound  in  the  artery  so  as  to  distend  the  vessel,  dissecting- 
down  on  each  side  of  this  through  the  posterior  wall  of  the  cavity  formed  by. 
the  extravasation,  and  then  passing  the  ligature  in  the  usual  way.  But  if 
the  vessel  be  so  near  the  centre  of  the  circulation  that  it  cannot  be  efficiently 
commanded,  then  the  difficulties  become  far  greater.  Under  these  circum- 
stances the  Surgeon  must,  if  possible,  replace  the  finger  with  which  he  is 
closing  the  wound  in  the  artery  by  that  of  an  assistant,  so  that  he  may  have 
both  hands  free  to  clean  the  artery.  The  change  must  be  made  instantaneously 
to  avoid  loss  of  blood.  If,  however,  he  cannot  do  this  he  must,  while  keeping 
the  fore-finger  of  his  left  hand  firmly  pressed  on  the  open  wound,  endeavour^ 
by  scratching  through  the  tissues  above  it,  to  expose  the  artery  sufficiently  to 
make  a  dip  with  the  needle  around  it,  and  thus  to  secure  it.  This  part  of  the 
operation  is  by  far  the  most  difficult  in  such  cases,  on  account  of  the  infiltra- 
tion of  the  parts  and  the  thickening  of  the  structures  preventing  the  aitery 
from  being  readily  distinguished  and  easily  cleared. 

The  application  of  a  ligature  to  the  distal  end  of  the  vessel,  if  it  be  com- 
pletely divided,  is  especially  difficult.  Should  it  not  be  practical)le  to  clean 
it  thoroughly  it  may,  perhaps,  be  seized  in  forcipressure-forceps  and  liga- 
tured, or  if  the  thread  cannot  be  passed  round  the  forceps  these  may  be 
left  on  for  a  few  days  and  then  carefully  removed.    If  the  bleeding  orifice 
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fianuob  be  seized  in  any  way  the  applicafcioii  of  the  actual  cautery,  or  pressui'e 
by  means  of  a  sponge  tent  or  graduated  compress,  will  be  found  the  best 
means  of  arresting  the  hEemorrhage. 

This  operation  must  be  performed  with  strict  antiseptic  precautions,  lest 
.decomposition  of  the  coagulated  blood  infiltrating  the  surrounding  tissues 
should  occur  and  give  rise  to  diffuse  suppuration,  with  high  septic  fever 
followed  possibly  by  premature  destruction  or  separation  of  the  ligature  and 
.secondary  hemorrhage.  If  these  evils  can  be  prevented  the  operation  is 
robbed  of  half  its  dangers  and  may  be  undertaken  with  much  less  hesitation, 
•not  only  in  the  diffused  extravasation  from  a  wounded  artery,  but  also  in  the 
circumscribed  traumatic  aneurism  about  to  be  described. 

Circumscribed  Traumatic  Aneurism  differs  entirely  from  the  diffused 
inasmuch  as  it  possesses  a  distinct  sac.  There  are  two  varieties  of  this  form 
of  aneurism. 

1.  In  the  first,  a  puncture  is  made  in  an  artery,  or  the  vessel  is  ruptured 
subcutaneously,  as  perhaps  in  the  reduction  of  an  old  dislocation  ;  blood  is 
extravasated  into  the  adjoining  tissues  ;  and,  if  there  be  an  external  aperture, 
this  cicatrizes.  The  blood  that  is  extravasated  becomes  surrounded  and 
limited  by  inflammatory  exudation.  This  may  be  followed  by  the  gradual 
development  of  fibrous  tissue,  as  in  the  process  of  formation  of  a  scar. 
There  is  thus  formed  a  distinct  fibrous  sac,  the  tissue  of  which,  although 
sufiiciently  firm  to  prevent  any  diffusion  of  the  blood,  is  not  strong  enough  to 
resist  the  distending  force  of  the  heart ;  it  consequently  slowly  yields,  and  the 
tumour  increases  in  size.  The  yielding  of  the  sac  is  not  a  process  of  simple 
stretching,  for  it  does  not  become  proportionately  thinner  as  it  increases  in 
size  ;  it  is  accompanied  by  a  constant  growth  of  new  fibrous  tissue.  As  the 
anem-ism  increases,  however,  and  produces  more  and  more  irritation  by  its 
pressure,  and  consequent  inflammation  of  the  surrounding  parts,  the  growth 
of  the  fibrous  tissue  is  less  perfect,  and  finally  becoming  too  soft  to  withstand 
the  pressure  of  the  blood,  the  sac  may  rupture  and  the  anem-ism  become 
diffused.  The  sac  is  externally  adherent  to  the  surrounding  parts ;  internally 
it  is  soon  lined  by  layers  of  fibrin  deposited  fi'om  the  blood  that  passes 
through  it.  This  tumour,  usually  of  moderate  size,  and  of  tolerably  firm 
consistence,  pulsates  synchronously  with  the  beat  of  the  heart,  and  has  a 
distinct  bruit,  both  of  which  cease  when  the  artery  leading  to.it  is  com- 
pressed. 

This  form  of  circumscribed  traumatic  anem'ism  most  comrnonly  occurs 
from  punctured  wounds  of  small  arteries,  as  the  temporal,  plantar,  palmar, 
radial,  and  ulnar. 

The  Treatment  to  be  adopted  depends  upon  the  size  and  situation  of  the 
artery  with  which  the  tumour  is  connected.  If  the  artery  be ,  small,  and  so 
•situated  that  it  can  be  opened  without  much  subsequent  inconA'euieifce  to  the 
patient,  as  on  the  temple  or  in  the  fore-arm,  it  should  be  laid  open,  the 
coagula  turned  out,  and  the  vessel  ligatured  above  and  below  the  wound  in 
it.  If  the  tumour  be  so  situated,  as  in  the  palm,  that  it  would  be  difficult 
and  hazardous  to  the  integrity  of  the  patient's  hand  to  lay;  ib  open,  tlie 
tlunterian  operation  for  aneurism  should  be  performed,  as  was  successfully 
done  in  a  case  (Pig.  163)  in  which  the  brachial,  was  ligatured  for  ;an  aneurism 
of  this  kind  in  the  ball  .of  the  thumb,  fbllowing.  serious  in j ury  to,,  .the  hand 
from  . a  powder-flask  explosion.  When  the  -tumour  is  connected  .with,  the 
VOL.  I.  n  H 
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suporficial  palmar  arch  I  ha^•e,  however,  successfully  adopted  the  old  operation 
of  laying  it  open,  and  ligaturing  the  artery  at  the  scat  of  injury. 

It  is  but  rarely  that  this  foi'in  of  traumatic  aneui'isni  is  connected  with  a 
large  artery  ;  when  it  is,  the  vessel  may  be  ligatured  above,  but  close  to  the 
sac,  in  the  same  way  as  in  the  next  variety.  If  this  form  of  traumatic  aneuj-ism 
have  increased  greatly  in  bulk,  so  that  the  skin  becomes  thin  and  discoloured, 
or  if  inflammation  ensue,  and  symjitoms  of  impending  sujjpui'ation  take  place 
around  it,  then  it  would  be  useless  to  ligature  the  artery  above  the  tumour,  as 

this  Avould  certainly  give  way,  and  secondary 
hEemorrhage  would  follow.  Hei'e  the  proper  course 
is  to  lay  open  the  sac,  turn  out  the  contents,  and 
tie  the  artery  above  and  below  the  part  that  is 
wounded. 

2.  The  next  form  of  circumscribed  traumatic 
aneurism  is  of  rare  occurrence,  and  arises  usually 
from  a  small  puncture  in  a  large  arteiy,  as  the 
axillary  or  the  carotid.  The  vessel  bleeds  freely  ; 
but,  the  ha3morrhage  being  an-ested  by  pressure, 
the  external  wound,  and  that  in  the  artery  close. 
The  cicatrix  in  the  artery  gradually  yields,  forming, 
at  the  end  of  weeks  or  months,  a  tumour  which 
gradually  enlarges,  and  pulsates  eccentrically,  with 
distinct  bruit,  ha-sing  all  the  symptoms  that 
characterize  an  aneurism  fi-om  disease,  and  possess- 
ing a  sac  continuous  with  the  outer  coat  and  sheath 
of  the  A'essel.  It  is  at  first  soft  and  compressible 
on  being  squeezed,  but  becomes  harder  and  firmer, 
and  cannot  be  so  lessened  after  a  time.  It  consists  of  a  distinct  circumscribed 
sac,  formed  by  the  yielding  of  the  cicatrix  in  the  external  coat  and  sheath  of 
the  artery,  no  blood  being  effused  into  the  surrounding  tissues. 

The  Treatment  will  vary  according  to  the  size  of  the  tumoui".  If  this  be 
small  or  but  moderate  in  size,  it  consists  in  the  hgature  or  compression  of  the 
artery  leading  to  the  sac,  in  accordance  with  the  principles  that  guide  us  in 
the  treatment  of  aneurism  from  disease  ;  though,  from  the  healthy  state  of  the 
coats  of  the  vessel,  the  artery  may  be  ligatured  as  near  as  possible  to  the  sac. 

As  there  is  a  distinct  cyst  or  sac  in  these  circumscribed  aneui'isms,  the 
changes  that  will  be  described  in  the  chapter  on  the  Ti-eatment  of  Aneurisms 
in  general  take  place  ;  the  tumour  gradually  becoming  consolidated,  and 
eventually  absorbed.  Should,  however,  the  aneurism  have  attained  an  enor- 
mous magnitude,  or  should  it,  from  being  circumscribed,  have  become  diffused 
by  the  rupture  of  the  sac,  then  the  tumour  must  be  laid  freely  o]Den,  the 
coagula  turned  out,  and  the  artery  ligatured  as  in  the  ordinary  diffused 


Fig.  163.  —  Ciicuiuscribed  Trau- 
matic Aueurisni  in  Ball  of 
Tliuiiib  after  a  Powder-flask 
Exiilo«ion. 


aneurism 


ARTERIO-VBNOUS  WOUNDS. 


A  -wound  in  an  artery  may  communicate  with  a  corresponding  one  in  a 
contiguous  vein,  giving  rise  to  two  distinct  forms  of  disease— ^M^'m-/s?H<7/ 
Varix  and  Varicose  Aneurism.  These  preternatural  communications,  which 
were  first  noticed  and  accurately  described  by  AV.  Hunter,  were  formerly 
common  at  the  bend  of  the  am,  as  a  consequence  of  the  puncture  of  the 
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brachial  artery  iu  venesection  ;  but  they  have  been  met  with  in  every  part  of 
the  body  in  which  an  artery  and  vein  he  in  close  juxtaposition,  having  been 
found  occurring  as  a  consequence  of  wounds  of  the  subclavian,  radial,  carotid, 
temporal,  iliac,  femoral,  popliteal,  and  tibial  arteries.  The  two  forms  of 
disease  to  which  the  preternatural  communication  between  arteries  and  veins 
gives  rise,  differ  so  completely  in  their  nature,  symptoms,  effects,  and  treat- 
ment, that  separate  consideration  of  each  is  required. 

Aneurismal  Yamx  results  when,  a  contiguous  artery  and  vein  having  been 
perforated,  adhesion  takes  place  between  the  two  vessels  at  the  seat  of  injury, 
the  communication  between  them  continuing  pervious,  and  a  portion  of  the 
arterial  blood  being  projected  directly  into  the  vein  at  each  beat  of  the  heart. 
( )pposite  to  the  aperture  of  communication  between  the  two  vessels,  which  is 
always  rounded  and  smooth,  the  vein  will  be  found  to  be  dilated  into  a 
fusiform  pouch,  with  thickened  coats.  The  veins  of  the  part  generally  are 
considerably  enlarged,  somewhat  nodulated,  tortuous,  and  thickened.  The 
artery  above  the  wound  is  dilated  ;  below,  it  is  usually  somewhat  contracted. 
These  pathological  conditions  are  evidently  due  to  a  certain  quantity  of  the 
arterial  blood  finding  its  way  into  the  vein,  distending  it  by  its  pressure,  and 
less  consequently  being  conveyed  by  the  lower  portion  of  the  artery. 

The  Symptoms  consist  of  a  tumour  at  the  seat  of  injury,  which  can  be 
emptied  by  pressure  upon  the  artery  leading  to  it,  or  by  compressing  its  walls. 
If  subcutaneous,  this  tumour  is  of  a  blue  or  purple  colour,  of  an  oblong  shape, 
and  will  be  seen  to  receive  the  dilated  and  tortuous  veins.  It  will  be  found 
to  pulsate  distinctly  with  a  tremulous  jarring  motion,  rather  than  a  distinct 
impulse.  Auscultation  detects  in  it  a  loud  and  blowing,  whiffing,  rasping,  or 
hissing  sound,  usually  of  a  peculiarly  harsh  character.  This  sound  has  very 
aptly  been  compared  by  Porter  to  the  noise  made  by  a  fly  in  a  paper-bag,  and 
by  Listen  to  the  sound  of  distant  and  complicated  machinery.  The  thrill  and 
sound  are  more  distinct  in  the  upper  than  in  the  lower  part  of  the  limb,  and 
are  most  perceptible  if  the  limb  be  allowed  to  hang  down  so  as  to  become 
congested.  Besides  these  local  symptoms,  there  is  usually  some  muscular 
weakness,  together  witli  diminution  in  the  temperature  of  the  part  supplied 
by  the  injured  artery. 

Treatment. — As  this  condition,  when  once  established,  is  stationary,  all 
operative  interference  should  be  avoided,  an  elastic  bandage  merely  being 
applied.  Should  a  case  occur  in  which  more  than  this  is  required,  the  artery 
must  be  cut  down  upon  and  ligatured  on  each  side  of  the  wound  in  it. 
Holmes  suggests  that  in  aneurismal  varix  a  cure  might  possibly  be  obtained 
by  pressure  directed  solely  to  the  orifice  in  the  vein. 

Varicose  Aneurism. — In  this  condition  the  openings  in  the  artery  and 
vein  do  not  directly  communicate  (see  Figs.  165  and  166),  but  an  aneurismal 
sac  is  formed  between  the  two  vessels,  into  which  the  blood  is  poured  before 
passing  into  the  vein. 

The  Pathological  Condition  in  this  form  of  injury  consists  in  the  forma- 
tion of  a  circumscribed  traumatic  aneurism,  communicating  on  one  side  with 
the  artery,  and  on  the  other  with  the  vein,  which  is  always  in  a  state  of  varix. 
A  varicose  aneurism  is,  in  fact,  a  circumscribed  traumatic  aneurism  plus  an 
aneurismal  varix.  This  is  well  represented  in  the  annexed  cuts,  from 
drawings  of  Sir  C.  Bell's,  in  the  museum  of  University  College,  repre- 
senting a  varicose  aneurism  before  and  after  it  had  been  opened  (Figs.  164  to 
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167).    In  this  case  there  appears  to  have  beeu  a  high  division  of  the  braeliial, 
aud  a  communicating  branch  below  the  wound,  Ijt'tween  tlie  radial  and  ulnar  ; 
n  consequence  of  which,  as  Mr.  Sliaw  informed  me,  the  tiimoui-  pulsated  as 
forcibly  after  the  artery  had  been  tied  as  before,  the  l)lood  finding  its  way 


Fig.  ICi. — A  Varicose  Aneurism  at  ilie  B(!1k1  of  tlie  .Vrni  unuppnfd. 


back  through  the  aneurism  into  the  veins.  Grangrene  of  the  hand  and  arm 
followed. 

Symptoms. — In  the  symptoms  of  varicose  aneurism,  we  have  a  cojnbinatioii 


Fig.  105.— Tlie  same  Varicose  Aiicm-ism  removed  from  its  connections.- 


of  the  characters  of  aneurismal  varix  and  of  the  circumscribed  traumatic 
aneurism  ;  there  is  a  pulsating  tumour,  at  first  soft  and  compressible,  biit, 
after  a  time,  becoming  more  solid,  in  consequence  oi  the  deposition  of  fibrin 


Ki".  IfiC— The  .same  Tumonr  laid  open,  showing  tlie  Cirrnmscvibcil  False  Aneurism  lictwecn  the 
■  two  Vessels. 


within  it;  superficial  to  this  tumour,  the  vein  that  has  been  punctured  is 
dilated  into  a  fusiform  pouch,  presenting  the  ordinary  characters,  of  varix. 
The  sounds  heard  in  -these  tumours  are  of  two  distinct  kinds  :  there  is  the 
peculiar  buzzing  thrill  that  always  exists  where  there  is  a  preternatural 
communication  between  an  artery  and  a  vein  ;  besides  this  there  ip  a  blowing 
pr  bellows  sounds  caused  by  the. aneurism.    These  signs  are  most  j)e.rceptihle 
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when  the  limb  is  in  a  dependent  position ;  and  the  sonnds  can  often 
be  heard  in  tlie  veins  at  a  considerable  distance  from  the  seat  of  injury. 
There  is  also  some  impairment  in  the  nutrition  and  temperature  of  th6  parts 
supplied  by  the  injured  vessels.  As  the  disease  advances,  the  aneurismal 
tumour  lying-  between  the  artery  and  the  vein  continues  to-  increase  in  size, 
and  to  become  hardened  by  the  deposit  of  laminated  fibrin.  If  left  to  itself, 
it  would  probably  continue  to  enlarge  until  sloughing  of  the  integuments 
covering  it  occurred,  followed  by  hsemorrhage.  In  some  cases,  the  aperture  of 
communication  between  the  vein  and  sac  becomes  closed,  and  the  tumour  is 
converted  into  a  simple  circumscribed  traumatic  aneurism. 

Treatment. — The  treatment  of  this  disease  must  be  conducted  on  different 
principles  fi'om  those  that  have  been  laid  down  as  required  in  the  ordinary 
circumscribed  traumatic  aneurism  ;  the  difference  depending  upon  the  fact, 
that  in  the  varicose  aneurism  there  is  always  a  double  aperture  in  the  sac,  and 
that  thus  the  proper  depositioi\  of  laminated  fibrin  necessary  for  its  occlusion 


Kig.  167.  -Tlie  opened  TuiiKiur  removed  [Voiii  its  Conueetion.s. 


cannot  take  place.  The  sac  of  such  an  aneurism  may  be  compared  to  one 
that  has  been  ruptured,  or  accidentally  opened,  in  which  we  could  therefore 
not  expect  the  occurrence  of  those  changes  that  are  necessary  for  the  cure  of 
aneurism  by  the  Hunterian  operation. 

In  a  varicose  aneurism,  consequently,  the  sac  must  be  freely  incised,  and 
the  artery  tied  on  each  side  of  the  puncture  in  it.  This  procedure  may, 
unless  the  Surgeon  be  careful,  and  properly  understand  the  pathology  of  this 
disease,  be  attended  with  some  difficulty  (T'ig.  1G7>  The  operation  may, 
however,  be  greatly  simplified  by  exsanguinating  the  limb  by  means  of  the 
elastic  roller  and  the  tourniquet.  "If  this  device  be  adopted,  the  Surgeon  will 
be  able  to  see  clearly  what  he  is  about.  After  the  first  incision  has  been  made 
through  the  integuments,  the  dilated  vein  will  be  laid  open,  and  an  aperture 
will  be  seen  at  the  bottom  of  the  vessel,  from  which  arterial  blood  may  be 
made  to  issue  by  relaxing  the  tourniquet.  If  an  attempt  be  made  to  find  the 
arteiy  immediately  below  this  aperture,  the  Surgeon  will  be  disappointed,  for 
the  sac  of  the  circumscribed  aneurism  intervenes  between  the  two  vessels. 
That  this  aperture  leads  into  the  sac,  and  not  into  the  artery,  may  readily 
1)6  ascertained  by  introducing  a  probe,  which  will  be  found  to  be  capable  of 
l)eing  carried  sideways,  as  well  as  upwards  and  downwards,  to  a  considerable 
extent,  in  different  directions  altogether  out  of  the  course  of  the  artery. 
In  order  to  expose  this  vessel  properly,  a  probe-pointed  bistoury  must  be 
introduced  into  this  opening,  and  the  sac  of  the  false  aneurism  slit  up  to  its 
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lull  extent,  the  coagula  turned  out,  und  the  puncture  in  the  artery  sought  fm- 
in  the  bottom  of  the  cavity  that  has  lieen  exposed  ;  this  may  now  readily  Ik; 
made  visible  by  the  escape  of  a  jet  ol'  arterial  blood  on  relaxing  the  pressnro 
on  the  npper  part  of  the  artery  ;  a  ligature  must  then  be  passed  above  and 
below  the  wound. 

Vanzetti  lias  recoi-ded  a  case  of  yai'icose  aneurism  (jf  the  brachial  aitery 
cured  in  six  hours  by  digital  compression,  applied  simultaneously  to  the 
artery  above  the  tumour,  and  to  the  oi'ifice  leading  from  the  sac  into  the  vein. 
Franzolini  cured  a  case  in  the  same  way,  after  sixty  days'  compression,  at 
irregular  intervals.  In  Fischer's  tables  are  twelve  cases  of  varicose  aneurism, 
nine  of  which  were  cured  by  digital  compression.  In  at  least  four  of  thes(- 
cures  it  was  applied  as  above  described.  It  seems  therefore  that  digital 
pressure  is  a  hopeful  mode  of  treating  such  cases. 
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WOUNDS  OF  SPECIAL  BLOOD-VESSELS  * 

VESSELS    OP    THE    HEAD    AKD  NECK 

Carotid  Artery. — Wounds  of  the  Carotid  Artery,  and  of  its  primary 
and  secondary  divisions,  are  more  frequent  in  civil  practice  than  similar 
injuries  of  any  other  set  of  arteries  in  the  body,  in  consequence  of  the  neck 
being-  frequently  the  seat  of  suicidal  attempts.  The  hemorrhage  from 
wounds  of  the  main  trunk  is  so  copious  as  often  to  be  immediately  fatal.  \n 
the  event  of  a  Surgeon  being  at  hand,  both  ends  of  the  bleeding  vessel  must 
be  at  once  hgatnred.  Should  the  jugular  vein  be  also  wounded  a  ligature 
must  be  appHed  above  and  below  the  opening,  but  if  the  wound  be  very  small, 
a  mere  punctm-e,  it  may  be  closed  by  pinching  it  up  and  applying  the  thread 
in  such  a  way  as  not  completely  to  occlude  the  vessel.  Should  the  hjEmorrhage, 
whether  primary  or  secondary,  proceed  from  a  deep  branch  of  the  external 
carotid,  as  the  internal  maxillary,  so  situated  as  not  to  admit  of  the  vessel 
being  exposed  and  ligatured  at  the  seat  of  wound,  the  ordinary  rule  of  tying  a 
wounded  artery  at  the  seat  of  injury  must  be  departed  from,  and  the  main 
trunk  must  be  ligatured  at  the  most  convenient  spot.  Considerable  difference 
of  opinion  has  existed  as  to  whether,  under  these  circumstances,  it  is  better 
to  tie  the  external  or  the  common  carotid.  Guthrie  strongly  advocated  tbe 
application  of  the  ligature  to  the  external  carotid,  but  most  Surgeons  have 
preferred  to  tie  the  common  trunk  above  the  orao-hyoid,  fearing  that  the 
application  of  a  ligature  amongst  the  numerous  branches  of  the  external 
carotid  would  be  followed  by  secondary  hEsmorrhage.  The  results  of  this 
mode  of  treatment,  however,  have  been  far  from  satisfactory  ;  not  only  have 
many  patients  died  directly  from  the  operation  itself,  but  in  a  very  large 
proportion  the  hEemorrhage  for  which  it  was  performed  has  recurred  and 
proved  fatal.  Harrison  Cripps  has  collected  50  cases  of  ligature  of  the 
common  trunk  for  haemorrhage,  28  of  which  terminated  fatally.  He  therefore 
advocates  a  return  to  Guthrie's  practice  of  applying  the  ligature  to  the 
external  carotid,  and  the  exact  point  he  recommends  is  between  the  superior 
thyi-oid  and  the  Ungual.  This  operation  is  not  difficult  of  performance  and 
seems  in  itself  to  be  less  dangerous  than  the  deligation  of  the  main  trunk. 
Madelung  has  collected  the  records  of  CO  cases,  of  which  only  7  died.  There 
seems  every  reason  therefore  for  preferring  it,  when  possible,  to  the  more 
serious  operation  of  tying  the  common  trunk. 

Internal  ('arottd. — If  the  internal  carotid  is  wounded,  ligature  of  the 
common  carotid  gives  the  best  chance  of  recovery. 

In  consequence  of  the  speedy  fatality  of  the  wounds  of  the  carotid  artery 
and  its  branches,  Traumatic  Aneurisms  ai-e  rarely  met  with  in  this 

•  A  full  (lescriptioii  of  the  i.]ifnitioii.s  remiireil  for  tl.i;  linntmi.'  of  Liu;  vnrious  arteries  will  be  fountl  in 
Vol.  II.,  ClmpterH  XLIII.  mid  XUV. 
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situation  ;  tlioy  do,  however,  oeciisioniilly  occur,  and  the  records  of  surgerv 
contain  at  least  six  instances  of  tiie  kind,  in  eacli  of  which  the  common 
carotid  was  tied,  and  tlic  patient  uJtiiiiately  recovered. 

Aneurismal  Varix  in  the  Neck,  dependent  on  puncture  of  the  Internal 
Jugular  Vein  and  Carotid  Artery,  usually  the  result  of  sword-thrusts,  is 
apparently  of  more  frequent  occurrence  than  traumatic  aneurism  in  this 
region  :  probably  owing  to  the  close  proximity  of  the  vein  rendering  it  diflRcult 
for  the  artery  to  be  wounded  on  the  outer  or  anterior  sides,  without  that 
vessel  being  first  perforated.  The  symptoms  offer  the  general  characteristics 
of  aneurismal  varix,  but  have  several  points  that  are  worthy  of  special  remark. 
The  wound  of  the  vessels  has  been  in  every  instance  followed  by  the  effusion 
of  a  large  quantity  of  blood  into  the  loose  areolar  tissue  of  the  neck  ;  the 
extravasation  acquiring  even  the  size  of  a  child's  head,  and  threatening 
immediate  suflPocation.  As  this  extravasation  subsided,  the  ordinary  characters 
of  aneurismal  varix  l)egan  to  manifest  themselves.  The  period  at  which  these 
symptoms  first  made  theii'  appearance  varied  somewhat  in  the  different  cases, 
but  they  always  occurred  within  four  or  five  days  of  the  receipt  of  the  injury. 
In  none  of  the  cases  did  the  disease  appear  to  shorten  life,  or  to  occasion  any 
dangerous  or  inconvenient  effects,  with  the  exception  of  some  difficulty  in 
lying  on  the  affected  side,  and  occasional  giddiness  or  noise  in  the  head  on 
stooping.    Xo  operation  is  admissible  in  these  affections. 

Varicose  Aneurism  is  very  rarely  met  with  in  this  situation.  There  is 
indeed  only  one  case  on  record.  It  was  situated  close  to  the  skull,  and  resulted 
from  a  bullet  wound. 

TEMPOEAii  Akteey. — Traumatic  Aneurism  of  the  Temporal  Artery, 
and  of  its  branches,  occasionally  occurs  as  the  result  of  partial  di^'ision  of 
these  vessels  in  cupping  on  the  temple.  I  have  met  with  two  cases  of  this 
kind,  in  both  of  which  the  disease  was  readily  cured  by  laying  the  tumom* 
open,  turning  out  its  contents,  and  tying  the  artery  on  each  side  of  it. 

Interna];  Maxillary. — This  artery  is  occasionally  injured  and  wounded 
in  gunshot  wounds.  If  the  htemorrhage  is  too  copious  to  be  restrained  by 
cold  or  styi^tics,  the  external  or  common  carotid  must  be  tied. 

LiNGUAii  Artery. — This  vessel  is  occasionally  injured  in  gunshot  wounds. 
If  the  bleeding  point  cannot  be  seized  with  forcipressure-forceps  from  the 
mouth  and  the  Surgeon  can  be  perfectly  certain  that  the  blood  is  coming  from 
the  lingual,  he  may  tie  that  A  essel  above  the  hyoid  bone  (see  Diseases  of  the 
Tongue),  otherwise  it  is  better  to  ligature  the  external  or  common  carotid. 

Vertebral  Artery. — Wounds  of  the  Vertebral  Artery  occasionally 
occur  as  the  result  of  stabs  in  the  neck  ;  and  several  cases  of  traumatic 
aneurism  in  this  situation .  have  been  recorded.  In  these  wounds  there  is  a 
danger  of  mistaking  the  source  of  the  haaniorrhage,  as  pressure  on  the  carotid, 
if  made  Ijelow  the  transverse  process  of  the  sixth  cervical  vertebra,  arrests  the 
flow  of  blood  in  the  vertebral  as  well,  which,  up  to  this  point,  lies  immediately 
lieneatli  it.  This  transverse  process  is  at  least  two  inches  above  the  clavicle, 
and  lies  much  higher  than  one  is  apt  to  think.  There  are  no  less  than  eleven 
cases  on  record,  in  which  the  carotid  has  been  tied  for  a  wound  of  the  vertebral, 
in  consequence  of  this  mistake.  When  the  wound  of  the  artery  is  situated 
between  two  transverse  processes,  ligature  is  almost  impossible,  and  the 
.Surgeon  will  l)c  obliged  to  trust  to  plugging  the  wound,  and  to  the  use  of 
styptics. 
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Inteenal  Majimai{Y. — Wounds  of  this  artery  rarely  come  under  treatment, 
as  its  course  lies  chiefly  in  front  of  the  heart  and  great  vessels,  so  that  pene- 
trating wounds  implicating  it  arc  usually  immediately  fatal  from  injury  to  the 
parts  beneath.  The  freatmml,  in  case  the  patient  escapes  fatal  injuries  to 
deeper  parts,  is  to  tie  the  artery  at  the  wounded  spot,  if  necessary  removing  a 
costal  cartilage  in  order  to  expose  it.  No  other  treatment  is  likely  to  arrest  the 
bleeding,  because  of  the  free  anastomoses  with  the  iatercostals. 

INTERCOSTAL  Aktektes. — Thesc  are  rarely  wounded  except  in  gunshot 
wounds  or  stabs  fracturing  a  rib.  The  hEemorrhage  is  seldom  severe  ;  but 
should  it  require  treatmmf,  the  lower  border  of  the  rib  corresponding  to  the 
artery  must  l>e  exposed  by  a  free  incision.  On  removing  the  fragments  the 
bleeding  artery  may  come  into  view,  and  can  be  twisted  or  tied  ;  or  it  may  be 
turned  out  of  its  groove  by  means  of  a  periosteal  elevator,  and  sufficiently 
exposed  to  be  tied.  If  necessary,  a  piece  of  rib  may  be  removed  to  lay  bare  the 
vessel  more  fully.  As  a  temporaiw  means  of  arresting  hsemorrhage,  pressure 
may  be  applied  in  the  following  way  : — A  piece  of  linen  is  to  be  pushed 
through  the  wound  into  the  pleural  cavity,  so  as  to  form  a  pocket ;  inside  a 
sufficient  quantity  of  lint  or  tow  is  pushed  into  the  pocket  to  make  it  too  large 
to  pass  out  by  the  intercostal  space  ;  it  is  then  forcibly  pulled  upon  by  the 
part  of  the  Hnen  outside  the  chest- walls,  and  secured  in  position  by  a  couple  of 
pins  pushed  across  on  a  level  with  the  skin. 

VESSELS    OF    THE    UPPER  LIMB. 

Subclavian  Artery.— A  Wound  of  the  Subclavian  Artery  may  be 

looked  upon  as  almost  invariably  fatal  ;  though,  in  consequence  of  the 
manner  in  which  the  vessel  is  protected  by  the  clavicle,  this  injury  can 
scarcely  occur  except  from  gunshot  violence  or  stabs.  From  the  rapidly 
fatal  nature  of  wounds  of  the  subclavian  artery,  Traumatic  Aneurisms  in 
this  situation  are  not  met  with  ;  but  where  the  artery  ])asses  into  the  axilla 
l)elow  the  margin  of  the  first  rib,  they  are  not  unfrequent. 

Aneurismal  Varix,  resulting  from  wound  of  the  SiiMcman  Artery  and 
Vein,  has  been  seen,  notwithstanding  the  separation  that  exists  between  the 
two  vessels  throughout  theii-  whole  extent.  These  injuries  have  likewise 
usually  been  the  result  of  sword-thrusts,  and  do  not  admit  of  any  surgical 
interference. 

Axillary  Artery.— In  Open  Wounds  of  the  Axillary  Artery  and 

of  its  Branches,  the  rule  of  practice  is  to  cut  down  upon  the  bleeding 
\-essel  and  ligature  it  on  each  side  of  the  wound.  It  must  be  borne  in 
mind  that,  the  arterial  branches  given  off  between  the  lower  edge  of  the  first 
rib  and  the  fold  of  the  axilla  being  very  numerous,  a  punctured  wound  of  tlie 
axilla  or  side  of  the  chest  may  injure  one  of  these  vessels  ;  though  from  its 
course,  and  the  free  flow  of  arterial  blood  that  has  followed  the  stab,  it  may  be 
su]^posed  that  the  axillary  artery  itself  has  been  punctured.  The  particular 
vessel  injured  can  be  ascertained  only  by  following  up  the  wound,  and 
ligaturing  the  artery  that  furnishes  the  blood,  and  in  order  to  do  this 
successfully  it  may  sometimes  be  necessary  to  divide  the  pcctoralis  major  and 
minor  across  the  line  of  their  fibres. 
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In  some  t-ascs,  however,  the  state  of  the  part*  may  be  such,  that  it  may  br 
impossible  to  trace  tlie  artery  at  the  (le]itl>  at  which  it  is  situated,  or  eveii  t(. 
expose  it  in  a  more  superficial  situation,  as  in  the  stum]»  after  amputation  at 
tlie  shoulder- joint.  In  these  circumstances,  the  rule  of  lifraturinf^  an  ai-tery  at 
the  seat  of  injury  may  be  departed  from,  and  the  main  trimk  should  be  tied 
either  above  or  Itelow  the  cla^'icle  ;  and  the  success  of  l:his  0])eration  hafi  been 
suffi(;ient  to  justify  our  having  recourse  to  it,  rather  tlum  exhaust  the  patient 
by  any  prolonged  endeavours  to  ligatui-e  the  vessel  in  the  open  wound,  though 
1  think  that  this  ought  first  to  be  attempted.  Of  15  cases  in  which  the  artery 
was  ligatured  either  above  or  below  the  clavicle,  for  haimorrhage  from  wounds 
ill  the  axilla  or  from  stumps,  I  find  that  9  were  cured  and  0  died.  Although 
the  success  is  about  equal  in  whichever  situation  the  vessel  be  tied,  1  should 
certainly  give  the  preference  to  the  supraclavicular  operation,  owing  to  the 
greater  facility  of  its  performance,  and  the  comparatiAc  absetice  of  collateral 
branches  at  the  seat  of  ligature.  In  some  cases,  however,  especially  after 
amputation  at  the  shoulder,  the  clavicle  is  pushed  up  at  its  acromial  end,  and 
then  the  artery  might  be  best  reached  belo^v  the  clavicle,  under  or  through  the 
pectoral  muscles. 

Traumatic  Aneurism  in  tlie  Axilla  is  not  of  unfrequent  occuiTcnce, 
arising  from  gunshot  wounds,  or  from  the  thrust  of  a  knife,  sabre,  or  other 
pointed  weapon.  In  some  cases  the  injury  arises  from  a  subcutaneous  rupture 
of  the  vessel,  the  patient  stretching  out  and  straining  his  arm  in  an  attempt 
to  save  himself  from  falling,  and  feeling  a  sudden  snap  in  the  axilla,  which  is 
rapidly  followed  by  the  formation  of  a  difiiised  aneurism. 

There  are  several  cases  on  record  in  which  axillary  aneurism  has  resulted 
from  violent  attempts  made  by  Surgeons  in  the  reduction  of  old-standing 
dislocations  of  the  head  of  the  humerus.  Thus  Pelletan  mentions  a  case  of 
this  kind,  in  which  the  tumour,  being  supposed  to  be  emphysematous,  was 
opened,  and  the  patient  perished  of  hfemorrhage.  Warren  relates  a  case  of 
diffused  axillary  aneurism  resulting  from  rupture  of  the  artery,  in  consequence 
of  the  Surgeon  attempting  to  reduce  a  dislocation  of  the  humerus  by  using  his 
foot  as  a  fulcrum  in  the  axilla,  but  without  taking  off  his  boot.  Gibson  has 
related  three  cases  of  axillary  aneurism  following  rupture  of  the  artery,  in 
the  attempt  to  reduce  old-standing  dislocations  with  the  pulleys.  These  cases 
show  the  necessity  for  great  caution  in  the  use  of  powerful  extending  force  in 
the  reduction  of  old  dislocations,  adhesions  having  possibly  formed  between 
the  artery  and  the  head  of  the  bone. 

In  those  cases  of  diffused  traumatic  aneurism  of  the  axilla  that  arise  from 
subcutaneous  rupture  or  laceration  of  the  artery,  the  condition  of  parts  is 
essentially  the  same  as  in  the  case  of  an  open  wound  of  the  vessel,  with  the 
exception  of  the  absence  of  any  external  aperture  in  the  integuments.  In  those 
cases  a  tumour  of  considerable  size,  hard  or  Huctuatiug,  according  to  the  state 
of  coagtilation  of  its  contents,  forms  with  more  or  less  rapidity.  If  it  have 
formed  very  quickly,  the  artery  being  torn  across,  and  the  blood  coagulating  as 
it  is  effused,  it  will  not  present  the  ordinary  anetu'ismal  signs,  but  may  merely 
resemble  an  ordinary  extravasation  ;  from  this,  however,  it  may  be  distin- 
guished by  the  loss  of  the  pulse  at  the  wrist,  and  by  the  oedema  of  the  arm. 
If  it  form  slowly,  the  blood  continuing  fluid,  there  will  be  the  usual  signs  of 
aneurism,  stich  as  thrill  and  pulsation.  In  all  these  ca.ses,  there  is  much 
cedcma  of  the  arm,  with  a  tendeiu-y  to  inflammation,  suppuration,  and  slougii- 
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ing  of  the  tumour  and  the  pai'ts  amongst  which  it  lies,  with  perhaps  gangrene 
of  the  h'mb  itself. 

Some  of  these  traumatic  axillary  aneurisms  have  a  tendency  to  diffuse  them- 
selves with  great  rapidity,  filling  up  the  whole  of  the  hollow  of  the  armpit,  ex- 
tending under  the  pectoral  muscles,  and  even  up  around  the  shoulder.  In  other 
cases  again,  wiien  more  circumscribed,  the  disease  may  get  well  spontaneously, 
as  hap])ened  in  cases  recorded  by  Van  Swieten,  Sabatier,  and  Hodgson.  In 
other  instances  again,  the  disease  has  remained  stationary  for  years,  or  has 
undergone  consolidation  under  medical  treatment.  It  cannot,  however,  be 
considei'ed  sound  practice  to  leave  a  circumscribed  traumatic  aneurism  of  this 
artery  without  surgical  interference,  after  the  ordinary  dietetic  and  hygienic 
plans  of  treatment  have  failed  in  efPecting  a  cure,  for  it  may  at  any  time 
become  rapidly  diffused,  or  inflame  and  suppurate. 

The  Trcaiment  of  traumatic  axillary  aneurism  must  depend  on  whether  it 
be  diffused  or  circumscribed. 

When  a  diffused  traumatic  aneurism  of  recent  origin,  rapid  formation,  and 
dependent  upon  puncture  of  the  artery,  is  met  with  in  the  axilla,  the  treatment 
must  be  conducted  in  the  same  way  as  that  of  a  wounded  artery,  without  extra- 
vasation, in  this  situation.  As  Guthrie  very  justly  observes,  it  can  make  no 
difference  whether  the  puncture  in  the  skin  has  healed  or  not — the  condition 
of  the  artery  must  be  the  same.  The  tumour  should  be  laid  open,  the  coagula 
turned  out,  the  artery  sought  for,  and  ligatured  where  wounded.  There  is, 
however,  danger  after  this  operation,  either  of  secondary  hjemorrhage  coming 
on  from  the  seat  of  wound,  by  blood  conveyed  through  the  collateral  vessels 
which  open  into  the  subscapular  and  circumflex  arteries  ;  or  else  of  the  limb 
falling  into  a  state  of  gangrene.  In  either  case,  amputation  at  the  shoulder 
and  through  the  aneurismal  extravasation  is  the  only  plan  that  holds  out  a 
chance  of  life  to  the  patient. 

In  diflfiised  traumatic  aneurism  of  the  axilla  from  subcutaneous  rupture  or 
laceration  of  the  axillary  artery,  the  choice  would  lie  between  treating  the 
injury  by  direct  incision,  and  hgaturing  the  vessel  above  the  clavicle.  The 
ligature  of  the  vessel  above  the  clavicle  has  been  done  three  times,  with  only 
one  recovery,  two  of  the  patients  dying  of  gangrene  and  secondary  hsemon-hage. 
In  the  successful  case,  secondary  haamorrhage  occurred,  gangrene  of  the  arm 
threatened,  and  the  patient  was  only  saved  by  amputation  at  the  shoulder- 
joint.  Few  Surgeons  would  be  disposed,  in  the  face  of  these  facts,  to  repeat 
this  operation. 

The  only  other  alternative  consists  of  treating  the  ruptured  artery  on  the 
same  principle  as  a  wounded  one,  disregarding  the  accidental  complication  of 
the  subcutaneous  accumulation  of  a  few  ounces  of  blood.  This  undoubtedly 
is  the  proper  surgical  principle  on  which  to  act  in  these  cases.  Its  adoption 
has  been  strongly  urged  by  Guthrie,  and  its  advantage  has  been  demonstrated 
by  the  success  attending  it  in  several  cases  in  which  it  has  been  practised  by 
Paget,  Syme,  and  others.  The  operation  consists  in  compressing  the  sub- 
clavian above  the  clavicle,  eithei'  by  the  pressure  of  the  finger  from  the  surface, 
or,  as  was  done  l)y  Syme  in  his  case,  by  previously  making  an  incision  over  it. 
through  which  it  could  be  more  readily  commanded  ;  then  laying  the  tumoui- 
open  by  a  free  incision  through  the  anterior  fold  of  the  axilla  and  the  pectoral 
muscles,  turning  out  the  coagula,  and  seeking  for  and  ligaturing  both  ends  of 
the  artery  ;  for  it  must  be  remembered,  thiit  the  distal  extremity  of  the  torn 
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vessel  will  lirobably  bleed  fm-ly,  (iwinji-  to  tlie  open  auastoinosos  round  the 
shonlclcr. 

Circumscribed  Traumatic  Aneurisms  of  the  Axillary  Artery  aie 

uot  uncommonly  of  slow  formation,  existing-  foi-  several  months  or  years 
hefore  theyrecinire  operation,  although  resuitinj^  from  jmnctured  wound  of  the 
armpit.  In  clironic  cases  of  this  kind,  the  aneurism  is  necessarily  pjrovided 
with  a  firm  and  distinct  sac,  and  approaches  clossly  in  its  charactei's  to  the 
form  arising  from  disease  of  the  artery. 

The  Treatment  in  such  cases  cannot  he  conducted  on  the  principles  that 
guide  us  in  the  management  of  a  wound,  or  of  a  diffused  aneurism  of  recent 
occurrence  ;  for  not  only  is  the  circumscribed  aneurism  provided  with  a 
sac,  but  the  vessel  at  the  point  injured  will  veiy  probably  be  found  to  have 
undergone  changes  that  render  it  httle  ahle  to  l)ear  the  application  of  the 
ligature.  It  will  be  softened,  thickened,  and  lacerable,  with  perhaps  a  wide 
funnel-sha]ied  aperture  leading  into  the  sac,  which  will  be  closely  incorporated 
with  the  neighbouring  parts.  But,  indeed,  the  treatment  of  this  form  of 
circumscribed  traumatic  aneurism  by  the  ligature  of  the  artery  on  the 
proximal  side  of  the  sac,  has  been  found  to  be  attended  with  remarkable 
success.  In  eight  recorded  cases  in  which  this  operation  was  performed,  not 
one  fatal  result  was  noted.  In  all,  the  aneurism  arose  from  stabs  or  gunshot 
wounds,  and  had  existed  for  various  periods,  ranging  from  two  weeks  to  four 
years.  In  four  of  tlie  cases  the  artery  was  ligatured  above,  and  in  four 
below  the  clavicle  :  and  in  one  case  of  each  category  there  was  suppuration  of 
the  sac. 

The  particular  ptiint  at  which  the  artery  should  be  ligatured  must  depend 
upon  the  condition  of  the  tumour.  If  this  be  of  large  size,  or  arise  from  the 
upper  part  of  the  axillary  artery  above  or  immediately  below  the  pectoral  is 
minor  muscle,  there  is  no  choice  but  to  deligate  the  vessel  above  the  clavicle. 
Should,  however,  the  principal  increase  in  the  tumour  take  jilace  in  a  direction 
downwards  and  forwards  under  the  great  pectoral  muscle,  the  portion  of  the 
artery  immediately  below  the  clavicle  not  being  covered  by  the  sac,  the 
question  would  arise  as  to  whether  this  part  might  not  be  selected  for  the 
application  of  the  ligature  ;  and  as  the  results  of  both  operations  have  hitherto 
been  equally  favourable,  this  must  rather  be  determined  by  the  peculiarities 
in  each  case  than  on  more  general  grounds.  Most  Surgeons,  I  think,  would 
prefer  ligaturing  the  artery  above  the  clavicle,  as  being  a  simpler  proceeding 
than  tying  it  below  that  bone  ;  which,  moreover,  has  the  disadvantage  of 
l)ringing  the  scalpel  into  very  close  jiroximity  with  the  sac,  which.  Avere  it  to 
stretch  upwards  under  the  pectoralis  ininor  to  a  greater  extent  than  could  l)e 
discernible  externally,  might  possibly  be  opened  by  the  knife,  as  has  happened 
in  operating  even  above  the  cla^ncle. 

("ompression  of  the  artery  on  the  distal  side  of  the  tumour  succeeded  in 
curing  the  disease  in  a  case  that  was  under  Goldsmith  of  Vermont. 

Beachian  Arteuy. — The  hemorrhage  from  Wounds  of  the  Brachial 
Artery  should  be  arrested  by  ligature  on  each  side  of  the  aiici-ture. 

This  vessel  may  be  punctured  in  venesection,  an  ai^cident  which  was 
formerly  of  frequent  occurrence  when  blood-letting  was  practised  by  professed 
phlebotomists.  Should  a  Surgeon  be  so  unfortunate  as  to  meet  with  this 
accident,  the  best  practice  is  to  cut  down  upon  the  artery  at  once  and  apply  a 
ligature  above  and  below  the  wound,  and  at  the  same  time  to  tie  the  wounded 
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vein.  Pressure  should  never  be  relied  on  as  a  permanent  means  of  arrostiufi,- 
hsemorrhage  in  such  cases.  Even  if  it  succeeds  in  saving  the  patient's  life  it 
is  very  apt  to  be  followed  l)y  either  a  circumscribed  false  aneurism,  a  varicose 
aneurism,  or  an  aneurismal  varix,  according  to  the  relation  of  the  puncture  in 
the  artery  to  that  in  the  A  cin. 

In  the  Circumscribed  Traumatic  Aneurism  at  the  bend  of  the  arm, 
following  a  wound  of  the  brachial  artery,  we  liave  the  usual  soft  or  semi-solid 
pulsating  tumour,  which  can  readily  be  emptied  by  pressure,  and  is  accom- 
panied by  more  or  less  bruit.  This  disease  may  be  treaied  in  one  of  three 
ways  :  1,  by  compression  upon  or  above  the  tumour  ;  2,  by  ligaturing  the 
artery  leading  to  it ;  or  3,  by  cutting  through  the  sac,  and  deligating  the 
vessel  on  each  side  of  the  ai^erture  in  it. 

Compression  of  the  tumour  has  often  been  successfully  practised.  It 
may  be  done  by  means  of  a  graduated  compress  on  the  tumour,  and  the  appli- 
cation of  a  ring-tourniquet  over  the  artery.  In  employing  compression  in  this 
way,  however,  great  care  must  be  taken  not  to  induce  sloughing  of  the  tissues 
over  the  tumour  by  too  forcible  pressure.  The  limb  should  be  carefully 
bandaged  and  maintained  m  the  semi-flexed  i)Osition.  Should  this  plan  not 
succeed,  we  must  be  guided  in  our  ulterior  measures  by  the  particular  condi- 
tions of  the  case.  If  the  tumour  be  of  recent  origin,  soft  and  compressible, 
or,  though  of  longer  duration,  large,  with  a  thin  sac,  and  in  danger  of  becoming 
diffused,  it  should  be  treated  by  direct  incision,  and  the  artery  deligated  on 
each  side  of  the  wound.  Should  the  tumour  be  small,  or  of  but  moderate 
size,  and  the  sac  be  tolerably  thick  and  firm,  it  has  been  recommended  to  treat 
it  by  deligation  of  the  brachial  artery,  either  in  the  middle  of  the  arm,  or,  as, 
Anel  did  with  success,  immediately  above  the  tumour.  This  mode  of  treat- 
ment is  not,  however,  certainly  followed  by  cure  owing  to  the  freedom  of  the 
anastomoses  about  the  elbow.  I  have  known  it  to  fail  iu  a  case  in  which  the 
brachial  artery  was  tied  above  the  sac,  which  was  large  and  thin,  the  pulsa- 
tions returning  in  a  few  days  and  the  tumour  continuing  to  enlarge...  Jt  is 
better,  therefore,  in  all  cases,  if  pressure  fails,  at  once  to  have  recourse  to 
incision  of  the  sac.  With  eificient  antiseptic  treatment  the  operation  is  little 
if  at  all  more  dangerous  than  ligature  at  a  distance. 

Varicose  Aneurism,  at  the  bend  of  the  arm,  presents  the  ordinaiy 
characters  of  the  disease.  Occasionally,  though  rarely,  it  would  appear  that 
the  aperture  of  communication  between  the  aneurismal  sac  and  the  vein 
becomes  closed,  and  thus  the  varicose  is  converted  hito  the  ordinary  circum- 
scribed traumatic  aneurism. 

The  Treatment  of  this  affection  must  be  conducted  on  different  principles 
from  that  of  the  ordinary  circumscribed  variety  :  for  whatever  be  the  density, 
of  the  sac,  it  is  never,  as  has  already  been  explained  (p.  469),  a  perfect  one, 
having  always  an  opening  into  the  vein  which  would  prevent  its  proper  closui:e 
by  the  deposit  of  laminated  fibrin.  In  four  cases  related-  by  Sabatier,  which 
were  treated  by  AneUs  operation,  amputation  became  necessary  in  two  and, 
in  the  other  cases,  the  operation  by  incision  of  the  sac  wasa-eqnired  l^cfore 
a  cure  could  be  effected.  The  sac  must  therefore  be  laid  op^n,  and  the, vessel 
tied  on  each  side  of  it  in  the  way  that  has  been  recommended  in  tlwj  treat- 
ment of  varicose  aneurism,  and  with  the  caution  there  laid  down.  >  If  the 
varicose  aneurism  be  converted,  after  a  few  days,  into  the  cii-cumscribed! form, 
ijhc  ftpprtur^.into  the.  vein  .becoming  occluded,  hgat.ijre.af  thfr  artieryjabovq  tlic 
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sac  may  be  successfully  employed,  or  compi'ession  may  succeed  in  curiu}^-  the 
disease. 

In  Aneurismal  Varix  of  the  urni,  a  roller  and  compress  are  all  that  can 
be  required. 

Vessels  of  the  Fokbarm  anj)  Pal  jr. — Wounds  of  the  Arteries  of 

the  Porearm  are  very  commonly  caused  by  pieces  of  glass  or  earthenware,  or 
by  knives.  In  every  case  the  bleeding  point  must  be  cut  down  npjn,  and  both 
ends  of  the  vessel  tied.  This  rule  is  peculiarly  imperative  in  this  situation,  ou 
account  of  the  freedom  of  the  anastomoses  through  the  palmar  arches.  In 
many  of  these  cases  the  bleeding  is  at  first  very  free,  but,  being  arrested  by 
pressure,  does  not  break  out  again  until  eight  or  ten  days  have  elapsed  ;  wheii, 
the  arm  being  much  infiltrated  with  blood,  iutiamed,  and  swollen,  double 
ligature  of  the  vessel  at  the  seat  of  injury  has  to  be  practised  under  somewhat 
diflicult  and  unfavourable  circumstances. 

Traumatic  Aneurism  of  the  Radial  and  Ulnar  Arteries  usually 
assumes  the  circumscribed  form,  owing  to  the  pressure  employed  at  the  time 
of  injury  confining  the  extravasation.  If  it  be  small  and  recent,  and  situated 
superficially  at  the  lower  part  of  the  forearm,  or  if  it  be  in  any  way  diffused, 
the  better  plan  is  to  cut  down  upon  and  through  the  tumour  at  once,  ligaturing 
the  vessel  on  each  side.  If,  however,  the  aneurism  be  deeply  seated  amongst 
the  mass  of  muscles  at  the  upper  part  of  the  forearm,  near  the  elbow-joint, 
the  wound  having  healed,  and  the  soft  parts  covering  it  being  healthy  and 
firm,  compression  of  the  brachial,  with  moderate  pressure  on  the  tumour 
itself,  should  first  be  tried,  as  it  has  been  known  to  effect  a  cure.  The  appli- 
cation of  Esmarch's  bandage  or  forcible  flexion  of  the  elbow  might  possibly 
succeed  if  simple  pressure  failed.  If  these  means  fail  the  advice  given  by 
Listen  appears  to  be  most  judicious  : — rather  than  cut  through  the  muscles 
and  detach  their  connections,  he  recommends  that  the  brachial  artejy  should 
be  secured  in  the  middle  of  the  arm. 

In  a  case  of  traumatic  aneurism  of  tlie  lower  end  of  the  radial,  just  above 
the  wrist,  that  came  under  my  care,  the  aneurism  had  twice  been  laid  open  ; 
the  upper  end  of  the  radial  had  been  tied  ;  but  attempts  made  to  secure  the 
distal  end  of  the  artery  had  been  ineffectual,  the  result  beiug  a  return  of  the 
aneurism,  though  in  a  small  and  more  circumscribed  form.  This  I  cured  by 
the  application  of  pressure,  by  means  of  a  small  screw-tourniquet  attached 
to  a  splint,  to  the  radial  artery  where  it  lies  between  the  extensor  tendons  of 
the  thumb,  the  recurrent  aneurism  in  this  case  being  entirely  fed  by  blood 
hronght  to  its  distal  side  through  the  deep  palmar  arch. 

Wounds  of  the  Palmar  Arches  not  unfrequcntly  occur  from  the  breaking 
of  glass  or  china  in  the  hand,  or  stabs  from  some  pointed  instrument,  and  are 
always  troublesome  to  manage.  If  the  Surgeon  sees  the  case  shortly  after  the 
infliction  of  the  wound,  he  may  eudeavom-,  by  enlarging  the  aperture  to  a 
moderate  extent,  and  with  due  attention  to  the  tendons  and  nerves  of  the 
part,  to  reach  the  bleeding  vessel.  If  it  be  the  superficial  aich  that  is 
wounded,  no  difficulty  will  be  found  in  securing  it ;  but  if  it  be  the  deep,  he 
will  very  likely  fail.  In  some  cases  the  artery  can  be  seized  in  a  pair  of 
Forcipressure-forceps,  which  may  be  left  in  the  wound  for  twenty-four  hours 
and  then  carefully  removed.  Under  any  circumstances,  no  effort  should  be 
spared  to  secure  the  vessel  without  using  the  graduated  compress.  One  of 
the  chief  dangers  of  incisions  into  the  palm  of  the  hand  is  the  occurrence  of 
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septic  suppuration,  extending  to  the  synovial  slieaths  of  the  flexor  tendons. 
In  order  to  prevent  this,  it  is  very  important  that  such  wounds  should  be 
treated  antiseptically,  well  drained,  and  preserved  from  every  sonrce  of  irrita- 
tion. A  graduated  compress  by  its  ijressure  causes  considerable  irritation,  and 
interferes  with  drainage.  Moreover,  if  a  compress  is  apjilied  with  sufficient 
force  to  stop  the  flow  of  blood  througli  the  artery,  it  must  necessarily  render 
the  whole  area  it  presses  on  bloodless.  If,  therefore,  a  compress  be  applied 
efficiently,  and  kept  on,  as  is  sometimes  recommended,  for  three  or  four  days, 
it  must  inevitably  cause  gangrene  of  the  tissues  with  which  it  has  been  in 
contact ;  or,  supposing  the  tissues  are  not  quite  dead,  acute  inflammation 
will  set  in  as  soon  as  the  blood  is  admitted  to  them.  This  has  but  too  often 
been  the  experience  of  Surgeons  after  the  use  of  the  compress  ;  when  it  has 
been  removed,  a  foul  sloughing  wound  has  been  brought  into  view,  with 
ditt'use  inflammation  spreading  round  it.  Under  these  circumstances  the 
artery  commonly  foils  to  be  occluded,  and  secondary  htemorrh age  is  very  like  to 
(iccur. 

Still,  if  all  other  means  fail,  the  Surgeon  must  fall  back  on  the  graduated 
compress,  which,  if  well  and  firmly  applied,  will  often  succeed  in  arresting 
the  bleeding.  If  it  be  loosely  and  ineffectually  put  on,  it  will  be  worse  than 
useless.  The  proper  mode  of  putting  on  this  compress  is  as  follows : — A 
tourniquet  having  been  ]:)laced  on  the  brachial  artery,  the  Avound  must  be 
carefully  cleared  of  all  foreign  bodies,  and  wijDed  dry  and  dusted  with 
iodoform.  A  wooden  sjilint  is  then  to  be  put  on  the  back  of  the  hand  and 
the  lower  part  of  the  forearm.  The  pad  must  be  thickened  at  its  lower  end 
so  as  shghtly  to  flex  the  fingers,  thus  relaxing  the  palmar  fascia.  A  firm 
weU-made  graduated  compress  is  now  to  be  placed  with  the  apex  downwards 
on  the  wound,  so  as  to  bring  and  press  the  edges  together,  and  securely 
bandaged  against  it  by  a  separate  bandage.  Tlie  patient  should  then  be  put 
to  bed  with  the  hand  elevated.  At  the  end  of  twelve  to  eighteen  hours  the 
bandage  may  be  carefully  removed  without  disturbing  the  splint  or  the 
compress,  and  re-applied  with  just  sufficient  force  to  keep  the  compress  in 
position  sticking  to  the  wound  without  pressing  strongly  enough  to  empty 
tissues  beneath  of  blood.  The  patient  should  be  kept  for  two  days  in  the 
recumbent  position  with  the  hand  elevated.  It  is  sometimes  recommended  that 
the  circulation  through  the  limb  should  be  controlled  by  a  ring- tourniquet, 
ap])lied  on  that  artery  above  the  wrist  which  appears  most  to  correspond  with 
tlie  arch  wounded,  or  better  still,  on  the  brachial  itself ;  or  the  elbow  may  be 
forcibly  flexed,  and  the  forearm  bandaged  to  the  arm  in  this  position,  so  that 
the  hand  rests  upon  the  shoulder.  These  precautions  are,  however,  unneces- 
sai-y,  if  the  compress  is  properly  applied  ;  but  they  may  sometimes  Avith 
advantage  be  made  use  of  after  the  bandage  has  been  relaxed.  The  compress, 
after  pressure  has  been  relaxed,  may  be  left  undisturbed  for  five  or  six  days, 
unless  there  be  redness,  swelling,  and  pain,  indicating  the  formation  of 
pus  beneath  it,  when  the  sooner  it  is  taken  ofl"  the  better.  Should  the 
wound  be  found  healing  and  looking  well,  there  need  be  no  fear  of  further 
ha;morrhage  ;  but  should  the  palm  be  sloughy  and  infiltrated,  there  will  be  a 
considerable  risk  of  the  bleeding  recurring.  Under  these  circumstances,  it  is 
useless  again  to  resort  to  compression,  and  other  means  must  be  employed. 

Should  an  ineffectual  attemi:)t  have  been  .made  to  arrest  the  primary  htemoi-- 
Thage,  or  should,  the  case  not  be  seen  until  several  days  have  elapsed,  when 
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secondary  liajmoiTliage  has  occurred,  and  the  pahn  has  become  infiltrated  and 
swollen,  pressure  can  no  longer  he  borne  upon  the  seat  of  injury,  and  it  is 
useless  to  endeavour  to  search  for  the  injured  vessel  in  the  mitlst  ol  siouj^hy 
and  infiltrated  tissues,  through  a  narrow  wound  which  cannot  be  enlarged 
without  danger  of  serit)usly  injuring  the  hand.  In  these  circumstances,  it  is 
necessary  to  deviate  from  the  ordinary  rule  of  practice,  and  the  Hunterian 
operation  must  be  performed.  The  Surge<m  may  either  tie  both  arteries 
alaove  the  wrist,  or  at  once  deligate  the  brachial.  Both  methods  of  treatment 
have  their  advocates.  I  prefer  the  sinmltaueous  ligatui'e  of  the  two  arteries 
of  the  forearm,  just  above  the  wrist,  where  they  are  superficial  and  very 
easily  reached.  In  several  cases  under  my  care,  the  radial  and  ulnai-, 
immediately  above  the  hand,  have  been  tied  at'  the  same  time  with  complete 
success,  and  I  have  never  seen  a  case  in  which  this  operation  has  failed  ;  but 
should  hgemorrhage  occur  after  it,  as  might  happen  in  the  case  of  an  enlarged 
median  or  interosseous  artery,  the  Surgeon  must  have  recourse  to  compression 
or  ligature  of  the  brachial. 

Circumscribed  Traumatic  Aneurism  in  th.e  Palm  is  by  no  means  of 
frequent  occurrence.  It  may,  however,  follow  wounds  of  the  palmar  arches. 
In  such  a  case  as  this,  forcible  flexion  of  the  elbow  or  the  application  of 
Esmarch's  bandage  might  be  tried.  If  these  fail  it  would  be  clearly  out  of  the 
question  to  lay  open  the  sac,  and  to  searcli  for  the  injured  vessel  in  the  midst 
of  the  aponeurotic  and  tendinous  structures  of  the  hand.  It  would  conse- 
quently be  necessary,  either  to  tie  the  radial  and  ulnar  arteries  immediacely 
above  the  wrist,  or  to  ligature  the  brachial  in  the  middle  of  the  arm.  The 
latter  plan  should  be  preferred  ;  as,  were  the  first  mode  of  treatment  put  into 
practice,  the  sac  might  continue  to  be  fed  by  the  interosseous  artery,  as 
happened  in  a  case  of  Roux's,  in  Avhich  the  patient  died  of  haemorrhage  from 
the  palmar  aneurism  after  ligature  of  both  arteries  of  the  forearm.  In  the 
case  represented  (Fig.  163)  Listen  successfully  hgatured  the  brachial  in  the 
mid-arm,  after  compression  upon  it  had  failed  to  effect  a  cure. 

VESSELS    OF    THE    LOWER  LIMB. 

Gi-TJTEAL  Artery. — Traumatic  Aneurisms  of  the  Gluteal  Artery  arc 

of  less  frequent  occurrence  than  might  d  jm'ori  have  been  imagined,  from  the 
situation  of  the  vessel  exposing  it  to  injury.  These  aneurisms  may  acquire  an 
enormous  size,  and  are  often  accompanied  by  much  redness  and  oedema  of  the 
skin  covering  them.  Pulsation  may  be  indistinct  or  absent,  and  thus  such 
cases  may  closely  resemble  large  abscesses  and  have  been  more  than  once 
mistaken  for  them.  In  John  Bell's  celebrated  case,  the  tumour  is  said  to 
have  been  of  "prodigious  size,"  and  to  have  contained  eight  pounds  of  blood. 
Tn  Lyme's  case  the  tumour  was  as  large  at  the  base  as  a  man's  head,  occupied 
the  whole  hip,  and  rose  into  a  blunt  cone. 

•■  The  Treatment  that  sliould  be  adopted  is  to  compress  the  aorta  by  means  of 
the  aortic  tourniquet  ;  then  to  lay  open  the  tumour  freely,  turn  out  its  contents, 
and  pass  a  ligature  by  means  of  an  aneurism-needle  round  the  short  trunk  of 
the  gluteal  as  it  emerges  fi-om  the  pelvis. 

Ekmorao  Artiory.— The  hfemorrhagc  from  the  Femoral  Artery,  Common, 
Superficial  or  Deep,  when  wounded  is  always  very  profuse.  Tn  all  cases, 
lif'ature  of  the  vessel  at  the  seat  of  injury-should  be  practised.  - 
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If  a  Diffused  Traumatic  Aneurism  have  already  formed,  the  artery 
should  be  commanded  by  a  toiirniquefc,  or  by  pressure  ou  the  aorta  if  necessary, 
the  sac  laid  open,  and  the  bleeding  vessel  sought  for  and  tied.  Guthrie  has 
collected  a  great  number  of  cases,  which  prove  incontestably  that  the  general 
principles  of  treatment  of  wounded  arteries  must  not  be  departed  from,  when 
the  arteries  of  the  groin  or  thigh  are  wounded.  On  the  contrary,  the  facility 
with  which  in  most  cases  the  circulation  is  kept  up,  and  the  readiness  with 
which  secondary  hajmorrhage  comes  on  as  a  consequence  of  the  free  anastomoses 
in  this  situation,  render  the  rule  of  applying  a  ligature  on  each  side  of  the 
wound  peculiarly  stringent  in  all  such  cases.  Secondary  hfemorrhage  and 
gangrene  of  the  limb  are  the  great  sources  of  danger  here.  When  gangrene 
is  nnminent,  or  has  come  on,  amputation  is  necessarily  the  sole  resource. 
With  regard  to  secondary  haemorrhage  supervening  after  ligature  of  the  artery 
at  the  seat  of  injuri/,  there  is,  I  think,  no  safe  course  but  removal  of  the  limb. 
Where  the  artery  has  been  tied  higher  up,  as,  for  instance,  when  the  external 
iliac  has  been  ligatured  for  recent  wounds  or  traumatic  aneurisms  in  the 
groin  or  upper  part  of  the  thigh,  the  htBuiorrhage  appears  to  have  returned, 
or  gangrene  to  have  supervened  in  all  cases.  This  fact  was  remarkably 
illustrated  in  the  Crimean  War.  Thus,  Macleod  states  that  the  French  in 
one  hospital  at  Constantinople  ligatured  the  femoral  at  a  distance  from  the 
wound  for  secondary  hemorrhage  seven  times,  and  that  all  the  cases  failed. 

If  the  traumatic  aneurism  have  assumed  a  circumscribed  character,  it  must 
be  treated  on  the  principles  laid  down  for  this  form  of  the  disease,  the  supply- 
ing artery  being  ligatured  above  the  tumour  ;  and  cases  are  not  wanting  in 
proof  of  the  success  of  this  practice. 

It  occasionally,  though  rarely,  happens  that  a  Varicose  Aneurism  is  formed 
in  the  groin  or  upper  part  of  the  thigh,  as  the  result  of  wound  of  the  artery 
and  vein  in  this  situation.  It  usually  presents  the  ordinary  characters  of  this 
disease,  but  some  peculiarities  have  occasionaUy  been  met  with.  Thus,  in  a 
case  related  by  Horner,  there  was  a  wavy  motion  in  the  femoral  vein  on  the 
uninjured  side,  arising  from  the  blood  in  the  wounded  vessel  communicating  a 
thrill  upwards  to  that  contained  in  the  vena  cava.  In  a  case  related  by  Mor- 
rison, it  is  stated  that  a  tumom-,  as  large  as  the  human  uterus  at  the  third 
month  of  pregnancy,  communicated  with  the  injured  vein. 

The  Treatment  of  this  disease  is  exceedingly  unsatisfactory.  Of  four  cases 
in  which  the  external  iliac  artery  was  tied,  a  fatal  termination  occurred  in  every 
instance;  two  of  the  patients  dying  of  gangrene  of  the  limb,  and  the  remaining 
two  of  secondary  hasmorrhage  and  consecutive  pneumonia.  It  has  consequently 
])een  proposed  by  Guthrie  that  the  tumour  be  laid  open,  and  the  artery  secured 
above  and  below  the  aperture  in  it.  As  this  plan  has  never  been  fairly  put 
into  practice,  it  would  perhaps  be  useless  to  speculate  on  the  chances  of 
success  likely  to  attend  it.  The  danger  of  a  fatal  gush  of  blood  on  laying  open 
the  sac,  which  in  former  times  would  have  made  most  Surgeons  hesitate  to 
venture  on  such  an  operation,  has  now  been  completely  obviated  by  the  use  of 
tlie  aorta-compressor. 

Vessels  op  the  Leg  and  Foot.— Deep  stabs,  cuts,  and  gunshot  wounds  of 
the  leg  may  be  followed  by  profuse  hasmorrhage  from  a  wounded  artery.  It 
may  not  be  always  easy  to  determine  with  accuracy  which  of  the  arteries  is 
wounded  :  whether  it  be  one  of  the  tibials,  the  peroneal,  or  only  large  muscular 
branches.    This  is  more  especially  the  case  Avhen,  in  consequence  of  fracture,  a 
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pulsating,  extmvasatioii  of  blood  fovins  in  tli,.  n.lf.  Wlien  there  is  au  open 
Avouud,  the  direction  taken  by  it  will  proljably  enable  the  Surgeon  to  solve 
tlio  qnestion. 

In  the  Treatment  of  artei'ial  bleeding  from  the  leg— whether  calf  or  fi-ont— 
the  Surgeon  may,  especially  if  it  be  not  very  profuse,  trv  to  arrest  it  by  coni- 
])ross,  bandage,  and  position.  Should  these  nieasui-es  fail,"  recourse  must  ])e  had 
to  o]ieration  . 

When  the  Posterior  Tibial  Artery  is  Mounded,  there  is  no  reason  to 
<leviate  from  the  usual  principle  of  tj'eatiug  primary  hemorrhage  from  a 
Mounded  artery,  viz.,  to  cut  down  on  the  \essel  at  the  seat  of  injury,  and  tie 
ifc  above  and  below  the  wound  in  it.  Tiie  same  rule  of  treatment  applies  to 
Wounds  of  the  Anterior  Tibial  and  Peroneal  Arteries.  In  perfoi-miu"- 
this  operation,  if  the  posterior  tibial  be  wounded  in  the  up])er  t\vo-thirds  of  it's 
course,  the  Surgeon  will  have  to  cut  freely  by  the  side  of  or  through  the  muscles 
<>I  the  calf.  This  he  must  do  in  the  direction  of  their  fibres,  injurinf/  them  bv 
transverse  incision  as  little  as  possible  ;  and  by  taking  the  track  of  tlie  wound 
as  his  guide,  the  bleeding  vessel  will  at  last  l)e  reached,  and  must  then  be 
tied  111  the  usual  way.  Such  an  operation  practised  on  a  person  with  a 
muscular  hmb  that  is  infiltrated  with  blood  and  inflammatoiy  effusions,  is  in 
the  highest  degree  difficult.  In  the  lower  third  of  the  leg  the  arteries  are 
su]jerficial,  and  are  reached  with  comparative  ease. 

When  the  htemorrhage  is  not  primary,  but  consecutive,  or  if  a  diffused 
aneurism  have  formed,  with  or  without  external  wound,  as  in  the  case  of  fi-ac- 
ture,  Surgeons  have  occasionally  had  recourse  to  ligature  of  the  superficial 
femoral  artery,  with  success.  In  the  present  day  with  all  the  advantages  of 
aiia3sthetics,  bloodless  surgery  and  antiseptics,  the  Surgeon  may  possibly 
succeed  in  applying  a  ligature  to  the  wounded  vessel.  At  any  rate  an  attempt 
should  be  made  to  do  so.  If  it  fails  the  wound  may  be  closed,  a  cotton -wool 
or  some  other  elastic  dressing  applied,  and  the  femoral  artery  may  then  be 
tied  in  Scarpa's  triangle,  or,  which  would,  I  think,  be  better  in  such  a  case,  in 
Hunter's  canal.  If  this  fails,  amjiutation  is  necessarily  the  only  resource. 
In  one  of  the  successful  cases  S.  Cooper  ligatured  the  po]iliteal-~a  plan  that 
has  found  favour  with  the  French  Surgeons."  In  another,  Dupiiytreu  tied  the 
superficial  femoral  for  a  pistol-bullet  wound  in  the  leg.  The  othei-s  were  cases 
of  diffused  aneurism,  arising  fi-om  a  secondary  hiemorrhage  occurring  in  the 
course  of  a  fracture. 

The  subject  of  Wound  of  the  Tibial  Arteries  as  a  result  of  fracture  of 
the  tibia,  will  be  more  fully  discussed  in  Chapters  XX.  and  XXI. 

Small  Circumscribed  Aneurisms  arc  occasionally  met  with  in  the  foot,  in 
conseijuence  of  wound  of  one  of  the  plantar  artoi'ies,  as  in  ojierations  for 
club-foot.  If  pressure  have  failed  in  preventing  or  curing  the  disease,  the  only 
course  left  to  the  Surgeon  is  to  lay  the  tumour  open,  and  to  ligature  the  artery 
on  each  side  in  the  usual  way. 
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ENTRANCE  OF  AIR  INTO  VEINS. 

The  Eutrauce  of  Air  into  a  Wounded  Yoiii,  though  an  accident  of  rare 
occurr(nice,  is  one  that  occasious  such  peculiar  and  aUxvming  symptoms,  that  it 
is  necessary  to  he  acquainted  with  the  circumstances  attending  it  ;  and  its 
study  is  the  more  interesting  to  tlie  practical  Surgeon,  as  it  is  chiefly  m  the 
course  of  operations  that  tliis  condition  occurs.  .  ■  ■  .  ^.^ 

In  surgical  practice,  we  meet  only  with  spontaneous  admission  of  air  into  the 
circulation.  This  was  first  ohserved  in  tlie  year  1818,  in  a  case  in  which  the 
internal  iugular  vein  was  opened  during  the  removal  of  a  large  tumour  from 
the  rio-ht  shoulder  by  Beauchesnc.  The  investigation  of  this  subiect  is  con- 
sequently a  comparatively  recent  matter,  in  Avhich  the  labours  of  the  Commis- 
sioners of  the  French  Academy  are  conspicuous,  and  the  names  of  Magendie, 
Amussat,  Cormack,  and  Wattmann  arc  distinguished.  .   ■    ■  , 

Results  or  Espehimbnts  on  Animals.— As  cases  of  entry  of  air  into 
the  veins  occur  comparatively  seldom  in  man,  it  is  necessary  to  study  the 
phenomena  accompanying  it  on  the  lower  animals.  It  has  long  been  known  to 
phvsiologists  that  the  forcible  introduction  of  air  into  the  circulation  would 
kill  an  animal ;  and  Morgagni,  Valsalva,  Bichat,  and  Nysten  have  made  this 
a  subject  of  observation  and  experunent.  Death  in  these  cases  appears  to  be 
dependent  partly  on  the  quantity  of  air  injected,  and  partly  on  the  i-apjdity 
with  which  it  is  thrown  in.  Bichat  supposed  that  a  single  bubble  would  kill 
with  the  rapidity  of  lightning ;  but  this  is  erroneous.  I  have  on  several 
occasions  injected  two  or  three  cubic  inches  of  air  into  the  jugular  vein  ot  a 
dog,  without  producing  death,  though  much  distress  resulted.  The  rapidity 
with  which  the  air  is  tin-own  in  exercises  a  considerable  influence  upon  tlie 
result.  If  blown  in  quickly,  a  small  quantity  may  kill;  if  thrown  m  slowly 
and  gradually,  a  large  quantity  may  l^e  injected  without  destroying  life  the 
blood  apparently  absorbing  the  gas.  In  experiments  which  I  have  made  J. 
have  observed  the  following  phenomena  in  cases  where  death  was  produced. 

On  exposing  the  internal  jugulai-  vein  Ioav  in  the  neck,  and  puncturing  it  at 
-a  place  where  the  flux  and  reflux  of  the  blood  are  plainly  discernible,  there  is 
perceived  in  the  first  inspiratory  effort  made  by  the  animal  after  the  womid, 
a  peculiar  lapping  or  gurgling,  hissing  sound  ;  the  nature  of  the  sound 
depending  partly  on  the  size  and  situation  of  the  opening  m  the  vessel  At 
the  same  time,  a  few  bubbles  of  air  are  seen  to  be  mixed  with  b  ood  at  the 
orifice  in  the  vein.  The  entrance  of  the  air  is  immediately  followed  by  a 
struo-gle,  during  the  deeper  inspirations  of  whicli,  fresh  quantities  of  air  gam 
admittance,  the  entrance  of  each  portion  being  attended  by  the  pecuhar  sound 
above  described.    On  listening  now  to  the  action  of  the  heart,  a  loud  churning 
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noise  will  bo^  lieai-d,  synolirouoiis  with  the  ventricular  systole  ;  and  the  hand 
will,  if  applied  to  the  chest,  I'eol  at  the  same  time  a  peculiar  l)uhblinfr, 
thrilling-,  or  rasping-  sensation,  oc-casioned  by  the  air  and  blood  being,  as  it 
were,  whipped  together  amongst  the  columnae  carneae  and  chordae  tendineae. 
As  the  introduction  of  air  continues,  the  circulation  becomes  gradually  more 
languid  ;  the  heart's  action,  however,  being  fully  as  forcible  as  natural,  if 
not  naore  so.  The  animal  soon  becomes  unable  to  stand ;  if  placed  upon  its 
feet,  it  rolls  over  on  one  side,  utters  a  few  plaintive  cries,  is  convulsed, 
extrudes  fteces  and  urine,  and  dies.  If  the  thorax  be  immediately  opened, 
it  will  be  seen  that  the  heart's  action  is  continuing  regularly  and  forcibly,  and 
that  the  pulmonic  cavities,  though  filled,  do  not  apjjear  distended  beyond  their 
ordinary  size. 

Death  occurs,  as  I  have  shown  in  a  paper  on  this  subject,  published  in  the 
158th  number  of  the  Bchhiurgh  Medical  and  Burfjical  Journal,  in  consequence 
of  the  air  and  blood  being  beaten  up  together  in  the  right  cavities  of  the  heart 
into  a  spiunous  froth,  which  cannot  be  propelled  tlurough  the  pulmonary 
vessels  ;  hence  there  is  a  deficient  supply  of  blood  to  the  brain  and  nervous 
centres,  and  fatal  syncope  comes  on,  attended  usually  by  convulsions.  In 
addition  to  this,  the  frothy  mixture  in  the  ventricles  has  not  sufficient  resistance 
to  press  upon  and  close  the  valves  of  the  heart,  and  that  organ  soon  comes 
to  a  stand-still. 

Spontakbous  Entkt  of  Air  into  the  Yeins  of  Max  is  attended  by 
two  distinct  sets  of  phenomena,  one  of  a  local,  the  other  of  a  constitutional 
character. 

Local  Phenomena. — These  consist  of  a  pecuKar  sound,  produced  by  the 
entrance  of  the  air,  and  of  the  appearance  of  bubbles  about  the  wound  in  the 
vein.  The  sound  is  of  a  hissing,  sucking,  gurgling,  or  lapping  character,  and 
never  fails  to  indicate  the  serious  nature  of  the  accident  that  has  occurred. 
When  once  heard,  whether  in  man  or  in  the  lower  animals,  it  can  never  be 
mistaken.  It  has  fortunately  fallen  to  my  lot  to  hear  this  sound  in  the  human 
subject  on  one  occasion  only,  in  a  patient  who  had  attempted  suicide  by 
cutting  his  throat.  The  wounded  internal  jugular  was  being  raised  for  the 
purpose  of  having  a  ligature  passed  under  it,  when  a  loud  hissing  and  gurghng 
sound  was  heard,  and  some  bubbles  of  air  appeared  about  the  wound :  the 
patient  became  faint,  and  greatly  oppressed  in  his  breathing.  The  Ugature 
was  immediately  tightened,  the  faintness  gradually  passed  oflF,  and  no  bad 
consequences  ensued. 

The  Constitutional  EjEfects  are  usually  very  marked.  At  the  moment  of 
entry  of  the  air,  the  patient  is  seized  witli  extreme  faintness,  and  a  sudden 
oppression  about  the  chest ;  if  he  is  not  unconscious  from  an  ansBsthetic  he 
screams  out  or  exclaims  that  he  is  dying,  and  continues  moaning.  There  is 
dyspnoea,  purely  cardiac  in  character,  for  the  air  enters  the  lungs  freely  ;  this 
sense  of  dyspnoea  is  due  to  the  arrest  of  the  supply  of  blood  to  the  lungs. 
The  pulse  becomes  nearly  imperceptible,  though  the  heart's  action  is  laboured 
and  rapid  ;  the  pupils  are  widely  dilated.  Death  commonly  results  :  but  not 
instantaneously,  in  many  cases  at  least.  Greene  has  collected  68  fatal  cases  of 
this  accident ;  24  died  almost  immediately,  the  rest  at  periods  var^nng  from 
three  hours  to  seven  days.  Beauchesnc's  case  lived  a  quarter  of  an  hour 
after  the  occurrence  of  the  accident ;  Mirault's  between  three  and  four  hours  : 
and  Clemot's  several  hours.    Amongst  the  other  recorded  fatal  cases,  I  have 
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not  been  able  to  find  any  bnt  vague  statements  as  to  the  length  of  time  dming 
which  the  patients  survived. 

If  the  patient  snrvive  the  immediate  eflFects  of  the  accident,  he  may  probably 
recover  without  any  bad  symptoms,  as  happened  in  the  case  to  which  I  have 
referred  above,  and  in  aji  instance  recorded  by  B.  Cooper.  In  some  of  the 
cases  that  survived  some  days  the  fatal  result  is  said  to  have  been  due  to 
bronchitis  or  pneumonia. 

Cause.  The  cause  of  the  spontaneons  entry  of  air  into  the  veins  has  been 

very  completely  investigated  and  determined  by  the  French  Commission.  _  If 
we  open  a  large  vein  at  the  root  of  a  dog's  neck,  near  the  thorax,  in  which 
the  venons  pulse,  or  flux  and  reflux  of  the  blood,  is  perceptible,  we  shall  see 
that  air  rushes  in  at  each  inspiration  and  only  at  this  time.  This  is  owing  to 
the  tendency  to  the  formation  of  a  vacuum  within  the  thorax  during  inspira- 
tion. This  suction  action,  or  "  venous  inspiration,"  is  confined  to  the  large 
vessels  in  and  near  the  thoracic  cavity,  being  limited  by  the  collapse  of  the 
coats  of  the  veins  at  a  little  distance  from  this.  If  the  veins  were  rigid 
tubes,  it  would  extend  throughout  the  body  ;  but  as  they  are  not,  it  ceases 
where  the  coats  collapse.  It  is  indeed  practically  limited  to  that  part  of  the 
root  of  the  neck  and  the  axilla  where  the  veuous  flux  and  reflux  are  per- 
ceptible ;  and  the  space  in  which  it  occurs  has  been  termed  the  "  dangerous 
region."  But,  in  certain  circumstances,  air  may  spontaneonsly  gain  admission 
at  points  beyond  this. 

It  is  well  known  that  what  is  called  by  the  French  Surgeons  the  "  canaliza- 
tion "  of  a  vein,  or  its  conversion  into  a  rigid  uncollapsing  tube,  is  the  con- 
dition which  is  most  favourable  to  the  introduction  of  air  into  it.  Indeed, 
except  in  those  situations  in  which  there  is  a  natural  movement  of  flux  and 
reflux  of  the  blood  in  the  veins,  this  accident  cannot  occur  unless  these  vessels 
be  canalized,  or,  in  other  words,  prevented  from  collapsing.    This  canalization 
of  the  vessel  may  be  occasioned  in  a  variety  of  Avays.    Either  the  cut  vein  may 
be  surrounded  by  indurated  ai:eolar  tissue,  wliich  keeps  it  open  Kke  a  hepatic 
vein ;  or  the  coats  of  the  vessel  may  have  acquired,  as  a  consequence  of 
inflammation,  such  a  degree  of  thickness  as  to  prevent  their  falling  together 
when  divided.    Tlieu,  again,  the  principal  veins  at  the  root  of  the  neck  have, 
as  Berard  has  pointed  out,  such  intimate  connections  with,  the  neighbourmg 
aponeurotic  structures,  that  they  are  constantly  kept  in  a  state  of  tension,  so 
that  their  sides  are  held  apart  when  they  are  cut  across.    The  contractions  of 
the  platysma  and  other  muscles  of  the  neck  may  likewise,  as  Sir  C.  Bell  has 
shown,  have  a  similar  effect.    In  removing  a  tumour,  also,  that  is  situated 
about  the  neck,  the  traction  exercised  upon  its  pedicle  may,  if  this  contains  a 
vein,  cause  the  latter  to  become  temporarily  canalized ;  especially  if  the  section 
be  incom]ilete  and  in  a  transverse  direction,  when  the  wound  will  be  rendered 
open  and  gaping  by  the  retraction  of  the  surrounding  tissues.    This  patency 
of  the  incision' in  the  vein  is  apt  to  be  increased  by  the  position  that  is 
necessarily  given  to  the  head  and  arm,  in  all  operations  of  any  magnitude 
about  the  shoulders  and  neck.    Lastly,  the  introduction  of  air  into  a  vein  will 
be  favoured  by  the  vessel  being  divided  in  the  angle  of  a  wound,  the  vein 
being  made  open-mouthed  and  gaping  when  the  flaps  that  form  the  angle  are 
lifted  up. 

In  all  cases  in  which  air  has  gained  admittance  into  the  veins  during  an 
operation,  these  vessels  were  in  one  or  other  of  the  above-mentioned  conditions. 
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Thus,  in  Boanchesne's  case,  aii-  Avas  introduced  in  consequence  of  iiicoiiipletc- 
divisiou  of  tlie  external  juf,nilar,  iuiniediafcely  above  tlie  rij^ht  Kuliclaviau,  wliilst 
in  a  state  of  tension,  during  the  removiil  of  a  portion  of  the  clavicle.    In  a 
case  that  occurred  to  ])upuytren,  a  large  vein  connected  with  a  tumoui-,  and 
communicating  with  the  jugular,  was  cut  at  tlie  last  stroke  of  the  scalpel, 
whilst  the  tumour  was  being  forcibly  drawn  up.    The  vein  was  found  to  Ije 
adherent  to  the  sides  of  a  groove  in  the  growtli,  so  that  it  remained  gaping 
when  cut.    In  a  case  related  by  Delpech,  there  Avas  thickening  of  tlie  coats 
of  the  axillary  vein,  causing  it  to  gape  like  an  artery.    In  Castara's  case 
there  was  incomplete  section  of  a  vein,  which  opened  into  the  subscapular 
whilst  the  tumour  was  being  raised  up.    In  lioux's  case  a  vein  in  the  neck 
was  opened,  whilst  a  tumour,  Avhich  was  being  removed  from  that  region,  was 
being  forcibly  raised  in  order  to  dissect  under  it.    Ulrick  saw  the  accident 
occur  in  consequence  of  the  incomplete  division  of  the  internal  jugular  vein, 
which  was  implicated  in  a  tumour  in  the  neck.    A  similar  case  happened  to- 
Mirault  of  Angers,  the  internal  jugular  being  divided  to  half  its  circumference. 
A  case  occurred  to  Warren,  in  which  the  air  entered  by  the  subscapular 
vein,  the  coats  of  which  were  healthy,  but  in  a  state  of  tension  in  consequence 
of  the  position  of  the  arm  ;  and  another,  in  which  the  same  accident 
liappened  from  the  division  of  a  small  transverse  branch  of  communication 
lietween  the  external  and  internal  jugular,  whilst  in  a  state  of  tension. 
Mott,  whilst  removing  a  tumour  of  the  parotid  gland,  opened  the  facial  vein, 
which  was  in  a  state  of  tension  in  consequence  of  the  position  of  the 
patient's  head,  when  air  was  introduced.    A  case  is  related  by  Malgaigne  in 
which  this  accident  happened  in  consequence  of  the  incomplete  section  of 
the  external  jugular  vein,  which  was  enveloped  in  a  tumour  that  was  being 
removed.    Begin  also  relates  a  case  in  which  air  entered  in  consequence  of  the 
puncture  of  the  internal  jugular  vein  whilst  he  was  removing  a  tumour  irom 
the  neck. 

These  cases,  in  which  the  condition  of  the  Avounded  vein  was  particularized, 
show  clearly  what  is  the  state  of  the  vessel  and  of  the  surrounding  parts  that 
is  most  likely  to  favour  the  occurrence  of  the  accident,  and  consequently  what 
the  Surgeon  should  particularly  guard  against  in  the  removal  of  tumours 
about  the  neck  and  shoulders  ;  viz.,  incomplete  division  of  the  veins,  and  the 
employment  of  forcible  traction  on  the  diseased  mass  at  the  moment  of  using- 
the  scalpel.  In  removing  tumours  from  the  "neck  and  shoulder,  it  is  in  many 
cases  impossible  to  avoid  drawing  them  forcibly  upwards  or  forwards,  in  order- 
to  get  at  their  deeper  attachments  ;  but  if  this  be  necessary  the  chest  should, 
for  reasons  that  will  immediately  be  pointed  out,  be  tightly  compressed,  so 
that  no  deep  inspirations  may  be  made  at  the  moment  that  the  knife  is  being 
used,  or  before  a  divided  or  wounded  vein  can  be  effectually  secured. 

Preventive  Treatment. — ^In  the  pre-ana3sthctic  days,  the  accidental  entry 
of  air  into  a  vein  during  an  operation  Avas  of  more  (;ommon  occurrence  than  it 
is  noAv.  When  a  patient  Avas  under  the  knife,  the  respirations  Avere  generally 
shallow  and  restrained,  the  breath  being  held,  whilst  every  now  and  then  there 
Avas  a  deep  gasping  inspiration  ;  at  Avhich  moment,  if  a  vein  Avere  0]>ened  iu 
Avhich  the  pulse  was  perceptible,  or  AA'hich  was  canalized,  air  Avas  necessarily 
sucked  in  ;  and,  as  has  already  been  said,  in  quantity  and  force  proportioned 
to  the  depth  of  the  inspiration.  In  these  circumstances,  the  mode  of  guarding 
against  the  introduction  of  air  into  the  A-eins  was  obA  ions.    It  was  recom- 
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mended  that  tlic  chest  aud  abdomen  should  be  so  tig-htly  bandaged  with  broad 
flannel  rollers  or  lacked  napkins,  as  to  prevent  the  deep  gasping- inspirations, 
and  to  keep  the  breathing  as  shallow  as  possible,  consistently  with  the  comfort 
of  the  patient.    I  ha'*-c  often  fonnd  that  the  entrance  of  air  into  the  veins  of 
a  doo-  could  be  arrested  by  forcibly  compressing  the  chest  of  the  animal,  so  as 
to  limit  the  respiratory  movements;  but  that,  as  soon  as  a  deep  inspiratory 
ettbrt  \vas  made,  the  compression  having  been  removed,  a  rush  of  air  took 
place  into  the  vessel.    When  such  precautions  were  taken,  therefore,  during 
an  operation  about  the  root  of  the  neck  or  summit  of  the  thorax,  and  the 
chest  was  bandaged,  as  here  recommended,  the  Surgeon  had  to  be  careful  not 
CO  remove  the  compression  until  the  operation  was  completed,  and  the  wound 
dressed  ;  for  if  this  precaution  was  not  attended  to,  the  patient  would,  most 
probably,  on  the  bandage  being  loosened,  have  made  a  deep  inspiration,  and 
air  might  have  been  sucked  in  at  the  very  moment  when  all  appeared  safe.  It 
is  now  rarely  possible  to  adopt  these  precautionary  measures,  for  the  danger 
from  applying  such  constriction  during  the  administration  of  an  antesthetic 
would  be  greater  than  the  lisk  of  entrance  of  air,  but  I  have  allowed  this 
description  of  them  to  remain  partly  on  historic  grounds  and  partly  because 
circumstances  might  even  now  arise  in  which  they  might  be  necessary. 

Curative  Treatment.— Different  plans  have  been  recommended  by  Sur- 
geons for  the  treatment  of  those  cases  in  which  air  has  already  gained  admit- 
tance into  a  vein  ;  but,  from  the  very  fatal  nature  of  this  accident,  it  does  not 
appear  that  much  benefit  has  resulted  from  any  of  them  :  the  recovery  of  the 
patient,  in  some  of  the  cases,  appearing  to  be  due  rather  to  the  quantity  of 
air  that  was  introduced  being  insufficient  to  cause  death,  than  to  any  effort  on 
che  part  of  the  Surgeon.    The  two  principal  modes  of  treatment  that  have 
been  recommended,  consist  in  the  suction  of  the  air  from  the  right  auricle,  and 
the  employment  of  compression  of  the  chest.    Thus  Amussat  and  Blandin 
advise  us  to  introduce  the  pipe  of  a  syringe,  a  female  catheter,  or  a  flexible 
tube,  into  the  wounded  vein,  if  it  be  large  enough  to  admit  the  instrument ; 
and  if  not,  to  open  the  right  jugular,  and  pass  the  tube  down  into  the 
auricle,  and  then  to  employ  suction,  so  as  to  empty  the  heart  of  the  mixture 
of  blood  and  air.    At  the  same  time  that  this  is  being  done,  we  are,  say  they, 
to  compress  the  chest  as  forcibly  as  possible,  so  as  to  squeeze  more  of  the  air 
out  of  the  heart.    Magendie  and  Rochoux  advise  suction  alone  :  and  Gerdy 
recommends  us  to  be  content  with  compression  of  the  chest.    Warren  (of 
Boston)  directs  us  to  have  recourse  to  bleeding  from  the  temporal  arterg,  to 
tracheotomg,  or  to  stimulants,  according  to  the  condition  of  the  patient. 

The  indications  that  present  themselves  in  the  treatment  appear  to  me  to  he 
threefold  : — 

1.  To  keep  up  a  due  supply  of  blood  to  the  brain. 

2.  To  maintain  the  powers  of  the  heart  until  the  obstruction  in  the  pulmonic 
capillaries  can  be  overcome  or  removed. 

8.  To  remove,  if  possible,  the  obstruction  in  the  capillaries  of  the  lungs. 

We  shall  now  see  how  far  the  means  already  mentioned,  viz.,  suction,  com- 
pression, &c.,  can  fulfil  these  indications. 

Siiction  would  no  doubt  be  highly  advantageous  if  we  could,  by  its  means, 
remove  the  air  that  has  gained  access  to  the  heart,  and  thus  prevent 
the  pulmonic  capillaries  from  being  still  further  obstructed.  But  putting 
out  of  consideration  the  difiiculty  of  finding  the  wounded  vein  :  the  still 
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Srnf!?nf^i°^^'"^'f  "''""^  "  ^  Bufilcient  distance  into  it  : 

t  e  siXfoflo  "^^l"^"^^^^^^       "  froHh  quantity  of  air.  whilst  openinj, 

^  f£  '^troducc  the  tube  ;  ]>utting  aside 

all  these  circumstances,  ^vhich  appear  to  me  to  be  most  serious  objections, 

t  becomes  a  question,  whether,  by  suction  with  a  syringe,  or  even  by  the 
mouth,  any  matenal  quantity  of  air  can  be  removed.   Amussat,  who  advocated 

his  practice,  states  that,  even  when  the  tube  is  introduced  into  the  ri-ht 
ji^!^  /i.™"  1  "^^^  ^'^■'^tautly  withdrawn.    These  conside'i-a- 

tions  then,  should,  T  think,  make  the  Surgeon  hesitate  before  having  recourse 
to  sucli  a  hazardous  ]3rocedure. 

The  next  plan,  that  o^  circular  compression  of  iJie  clml,  however  valuable  it 
may  be  m  preventing  the  ingress  of  air,  can,  when  it  has  once  ]>een  introduced 
into  the  veins,  have  no  effect  in  removing  it.  We  cannot,  by  any  compression 
that  we  may  employ,  squeeze  the  air  out  of  the  heart.  But  compression  mav 
not  only  be  productive  of  no  good,  but  may  even  occasion  much  mischief,  bv 
embarrassing  still  further  the  already  weakened  respiratory  movements,  and 
thus  interfering  with  the  aeration  of  the  smaU  quantity  of  blood  that  may  yet 
be  traversing  the  kings.  ^  ^ 

Bheclmg  from  the  temporal  artery  can  by  no  possibility  be  productive  of 
any  but  an  injurious  effect,  by  diminishing  the  already  too  small  quantity  of 
iilood  m  the  arterial  system.  Opening  the  right  jug^aar  vein  may,  perhaps,  to 
a  certain  extent,  be  serviceable,  by  unloading  the  right  cavities  of  the  heart, 
as  Jolm  Keid  has  shown  it  to  be  capable  of  doing  ;  and  it  has  bpen  recom- 
mended by  Cormack  on  this  account.  Lastly,  tracheotomy  cannot  be  of  the 
least  service,  as  the  arrest  of  the  respiratory  function  is  secondary,  and  not 
primary. 

1.  What,  then,  are  the  measures  that  a  Surgeon  should  adopt  ?  Bevoud  a 
doubt,  the  first  thing  to  be  done  is  to  prevent  tlie  further  ingress  of  air, 
by  compressing  the  wounded  vein  with  the  finger,  and,  if  practicable,  securing 
at  by  a  ligature.  At  all  events,  compression  with  the  finger  should  never  be 
omitted  ;  as  it  is  only  when  the  air  that  is  introduced  exceeds  a  certain 
quantity,  that  death  ensues.  All  further  entry  of  air  having  been  thus 
preventecl,  our  next  object  should  be  to  keep  up  a  good  supply 'of  Tjlood  to 
the  hrain  and  nervous  centres,  and  thus  maintain  the  integrity  of  their 
actions.  The  most  eflicient  means  of  accomplishing  this  would  probably  be 
the  plan  recommended  by  Mercier  ;  who,  believing  that  death  ensues  in  these 
cases,  as  m  prolonged  syncope,  from  a  deficient  supply  of  blood  to  the  brain, 
recommends  us  to  employ  compression  of  the  aorta  and  axillary  arteries,  so  as 
to  divert  the  whole  of  the  blood  that  may  pass  through  the  Inucrs  to  the 
encephalon.  This  appears  to  me  to  be  the  most  effectual  way  of  canying  out 
the  indication.  The  patient  should,  at  the  same  time  that  the  comiDression  is 
being  exercised  on  his  axillary  arteries  and  aorta,  or  if  it  be  preferred,  as  more 
convenient  and  easier  than  the  last,  on  his  femorals,  be  placed  in  a  recumbent 
position  as  in  ordinary  fainting,  so  as  to  facilitate  the  afflux  of  blood  to  the 
head.  The  compression  of  the  axillary  and  femoral  arteries  may  readily  be 
made  by  the  fingers  of  two  of  the  assistants  who  are  present  at  every  opera- 
tion of  importance. 

2.  For  the  fulfilment  of  the  second  indication,  that  of  maintaining  the 
action  of  the  heart  until  the  olistruction  in  the  capillaries  of  the  lungs  can 
be  overcome  or  removed,  artificial  resjiiration  should  be  resorted  to  as  the  most 
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effectual  means  of  keeping  up  the  action  of  that  organ.  It  seems  also  to  help 
the  circulation  through  the  lungs,  and  thus  to  relieve  the  right  side  of  the 
heart.  For  the  purpose  of  keeping  up  artificial  respiration,  Silvester's  method 
is  the  best.  Before  employing  it,  it  will  be  necessary  to  remove  everything 
that  compresses  the  chest,  or  interferes  in  any  way  with  the  free  exercise  of 
the  respiratory  movements.  Friction  with  the  hand  over  the  prgecordial 
region,  and  the  stimulus  of  ammonia  to  the  nostrils,  may  at  the  same  time  be 
resorted  to. 

3.  The  third  iudication — that  of  overcoming  the  obstruction  in  the 
pulmonic  capillaries — would  probably  be  best  fulfilled  by  the  means 
adopted  for  the  accomplishment  of  the  second,  viz.,  artificial  respiration. 
That  the  action  of  respiration,  if  kept  up  sufficiently  long,  will  enable  the 
capillaries  of  the  lungs  to  get  rid  of  the  air  contained  in  them,  appears  to 
be  a  fact ;  for  I  have  experimentally  observed  that,  if  a  certain  quantity  of  air 
be  introduced  into  the  jugular  vein  of  a  dog,  and  artificial  respu-ation  be  then 
established,  and  maintained  for  half  or  three-quarters  of  an  hour,  a  very  small 
quantity  indeed,  if  any,  will  be  found,  on  killing  the  animal,  in  the  cavities  of 
the  heart,  or  in  the  branches  of  the  pulmonary  vessels.  I  am  aware  that  this 
is  not  altogether  conclusive,  as  the  air  might  be  dissolved  in  the  blood,  or 
might  still  exist  in  the  capillaries  of  the  lungs,  although  none  might  be  found 
in  the  larger  branches  of  the  pulmonary  artery  ;  but  still  it  seems  to  me  that 
we  can  hardly  account  for  the  large  quantity  of  air  that  will  disappear  when 
artificial  respiration  is  kept  up,  in  any  other  way  than  that  some,  if  not  all  of 
it,  passes  out  of  the  capillary  vessels  into  the  air-cells  of  the  lungs. 
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SPECIAL  mJURIES  OF  NERVES,  MUSCLES,  AND  TENDONS. 

INJURIES    OF  NERVES. 

CoNTUSTOX.— Nerves  are  often  contused  ;  the  injury  producing  a  tiugliuj,^ 
sensation  at  their  extremities,  and  pain  at  the  part  struck.  These  effects 
usually  pass  off  in  the  course  of  a  few  minutes  or  hours.  If  the  blow  have 
been  sufficiently  severe  to  cause  htemorrhage  amongst  the  fibres  of  the  nerve, 
the  symptoms  may  be  more  severe  and  persistent,  and  temporary  paralysis  of 
the  parts  supplied  by  the  injured  nerve  may  result.  Most  commonly  sensation 
is  merely  impaired,  even  when  the  paralysis  of  the  muscles  is  com'plete.  In 
certain  conditions  of  the  system,  more  especially  in  hysterical  women,  the 
symptoms  may  last  for  a  considerable  period,  even  afler  slight  contusions,  and 
may  give  rise  to  neuralgia  of  a  very  permanent  character.  lu  other  cases  the 
continuance  of  the  symptoms  appears  to  be  due  to  the  supervention  of  chronic 
neuritis,  accompanied  by  thickening  of  the  connective  tissue  sheath  of  the 
nerve,  causing  compression  of  the  nerve-fibres,  and  thus  producing  more  or 
less  extensive  paralysis,  accompanied  by  neuralgic  pam  in  the  part  supplied 
by  the  affected  nerve. 

STRAms.— Any  violent  movement,  which  stretches  a  nerve  forcibly,  may 
occasionally  be  slowly  followed  by  the  symptoms  of  chronic  neuritis*  to  be 
described  later  on.  This  is  most  common  in  the  nerves  of  the  brachial  plexus 
in  the  axilla. 

CoMPKESSiON. — This  most  commonly  arises  from  disease,  as  from  the  pres- 
sure of  tumours  or  aneurisms,  but  it  may  be  the  result  of  injury  :  thus,  the 
brachial  plexus  may  be  pressed  on  by  the  head  of  the  humerus  in  a  dislocation, 
the  spinal  nerves  may  be  compressed  at  the  interA-ertebral  foramina  in  cases  of 
fracture  of  the  spine,  and  the  fragments  of  bone  in  a  fracture  of  a  limb  may  press 
on  contiguous  nerves.  Another  common  form  of  compression  is  the  so  called 
crutch-palsy,  resulting  from  the  pressure  of  the  upper  end  of  the  crutch  upon 
the  nerves  of  the  brachial  plexus  ;  and  a  similar  paralysis  of  the  nuiscles  of  the 
front  of  the  leg  is  not  uncommonly  met  with,  as  the  result  of  pressure  on  the 
external  popliteal  nerve  as  it  winds  roimd  the  head  of  the  fibula,  from  splints 
applied  without  sufficient  padding.  In  these  cases  sensation  is  little,  if  at  all, 
impaired.  Nerves  may  be  compressed  also  by  the  gi-owth  of  callus  from  a 
fractured  bone,  or  by  the  contraction  of  the  cicatricial  tissue  of  a  scar.  The 
mildest  effects  of  pressure  are  the  numlmess,  tingling,  and  sense  of  Aveakness 
M'ith  which  everyone  is  familiar,  as  a  consequence  of  pressure  on  the  ulnar 
nerve  from  sleeping  with  the  arm  under  the  head.  The  effects  of  pressure  are 
proportional  to  its  severity  and  duration.  If  it  lasts  for  a  sufficient  length  of 
time,  complete  loss  of  sensation  and  paralysis  are  produced  in  the  parts 
supplied  by  the  nerve  pressed  upon,  followed  by  wasting  and  degcnoriition  of 
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the  muscles.    Such  cases  usually  recover  in  time,  if  the  cause  be  removed  and 
the  hmh  be  afterwards  treated  by  the  methods  described  later  on. 

Rupture  or  Lacbrattox. — Healthy  uerves  are  never  torn  across  except  in 
the  most  severe  injuries,  such  as  compound  dislocations  and  severe  compound 
fiixctures.  When  paralysis  and  loss  of  sensation  follow  a  severe  subcutaneous 
injury,  it  is  due  to  contusion,  and  possibly  to  rupture  of  some  of  the  fibres,  but 
the  continuity  of  the  nerve  is  scarcely  ever  completely  interrupted. 

Puncture. — If  a  nerve  be  punctured,  impleasant  consequences  sometimes 
result,  more  especially  in  delicate  women.  Not  only  may  the  part  beloAV  the 
puncture  become  the  seat  of  \  arious  tingling,  shooting,  and  burning  pains, 
lint  the  neuralgic  condition  may  travel  up^vards  along  the  nervous  trunk. 
Thus,  I  have  more  than  once  seen  a  puncture  of  one  of  the  digital  branches 
of  the  uhiar  nerve  produce  a  kind  of  painfal  paralysis  of  its  trunk,  rendering 
the  arm  nearly  useless.  I  have  seen  the  same  etfects  occur  in  the  median 
nerve,  from  so  shght  a  cause  as  the  puncture  of  the  finger  by  a  needle.  It 
occasionally  happens  in  venesection  at  the  bend  of  the  arm,  that  a  branch  of 
the  internal  cutaneous  nerve  is  pricked  with  the  lancet,  and  that  verj- 
persistent  neuralgia  occurs  in  consequence. 

Division. — Primary  Eifects. — ^T^^hen  a  nerve  is  completely  cut  across,  or 
its  conducting  power  is  in  any  way  abolished,  whether  by  contusion,  compression, 
or  laceration,  paralysis  of  sensation  or  motion,  or  both,  according  as  the  nerve 
is  sensory,  motor,  or  compound,  occurs  in  all  the  parts  supplied  by  it.  The 
vaso-motor  paralysis  that  arises  from  the  division  of  the  nerve  at  first  causes 
hypertemia,  with  some  elevation  of  temperature,  which  only  lasts  for  a  few 
days  and  then  gradually  subsides  till  in  a  week  or  two  the  part  becomes  colder 
than  natural.  When  the  nerve  is  partially  divided,  or  bruised  as  well  as 
severed,  as  in  cases  of  gunshot  injury,  neuralgia  in  the  parts  supplied  by  it 
beyond,  and  sometimes  also  in  those  above,  the  injury,  is  associated  with  the 
paralytic  symptoms.  The  patient  complains  of  numbness  or  deadness  in  the 
parts  supplied  by  it,  and  sensibility  of  every  kind  is  lost ;  but  various  anomalous 
painful  sensations  of  a  burning,  tickling,  tingling,  or  creeping  kind  are  com- 
plained of.  These  sensations  often  give  the  idea  of  increased  heat  of  the  part 
to  the  patient,  and  are  compared  by  him  to  the  effect  that  would  be  produced 
by  molten  lead  or  boiling  water  running  through  it. 

The  Secondary  Effects  of  division  of  a  nerve  difier  according  to  the 
nature  of  the  nerve  divided.  The  section  of  a  purely  motor  nerve,  such  as 
the  facial,  causes  complete  paralysis,  with  subsequent  wasting  and  degenera- 
tion of  the  muscles  supplied  by  it,  but  the  nutrition  of  the  superficial  struc- 
tures is  not  affected.  The  division  of  a  purely  sensory  nerve,  such  as  a  branch 
of  the  fifth,  completely  aboHshes  sensation  in  the  part  supplied  by  it,  but  does 
not  necessarily  cause  any  serious  disturbance  of  nutrition.  This  is  jorobably 
due  to  the  ftee  communication  between  the  various  nerves  of  the  face. 
Arloing  and  Tripier  have  shown  by  experiment  that  after  the  division  of  a 
superficial  sensory  nerve  the  neighbom-ing  cutaneous  nerves  which  communi- 
cate with  the  terminal  branches  of  the  one  divided,  rapidly  assume  its  functions 
so  that  sensibility  may  return  in  a  few  days  without  repair  of  the  divided 
nerve.  If  the  whole  trunk  of  the  fifth  nerve  is  destroyed  together  Avith  the 
Casserian  ganglion,  serious  interference  Avitli  nutrition  follows,  such  as  ulcera- 
tion of  the  cornea  or  of  the  nasal  mucous  membrane.  In  central  diseaso 
affecting  the  fifth  nerve,  the  ganghon  ]-emaining  intact,  trophic  changes  do 
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not  occur,  although,  from  loss  of  sensibih-fcy,  the  parts  supplied  by  it  ai-e 
proue  to  suflcr  from  injury.  It  may,  in  fact,  be  stated  a«  a  general  rule,  that 
grave  troi)lnc  changes  do  not  occur  unless  a  part  is  comjiletely  cut  off  from 
all  communication  with  a  healthy  nerve-oentre.  After  the  division  oi'  a 
compound  nerve,  such  as  the  ulnar,  the  nutrition  of  the  part  supplied  by  it 
IS  seriously  modified.  The  muscles,  as  before  stated,  degenerate  and  waste. 
The  whole  i)art  sui)plied  by  the  injured  nerve  becomes  congested,  bluish,  and 
colder  than  natural.  This  fall  of  temperature  is  often  very' marked.  Thus,  I 
fonnd  in  a  woman  who  was  under  my  care  for  a  wound  of  the  fore-arm,  in 
which  the  ulnai-  nerve  had  l)cen  divided,  that,  twenty-one  days  after  tlie 
injury,  the  temperature  between  the  ring  and  the  little  finger  of  the  injured 
side  was  9°  Fahr.  below  that  of  the  same  spot  on  the  opposite  hand.  Some- 
times the  part  becomes  oedematous  ;  the  skin  often  becomes  rough  and  peels, 
but  more  commonly  it  is  smooth,  red  and  shining;  the  nails  grow  badly,  and 
are  brittle  or  scaly,  and  abnormally  carved  longitudinally.  Blebs,  the 
contents  of  which  become  purulent,  not  uncommonly  form  on  the  tiijs  of  the 
fingers.  Chilblains  are  readily  produced  by  slight  exposure  to  cold,  and  they 
frequently  become  vesicular  oi'  slough,  leaving  sluggish  and  mihealthy 
ulcers.  Wounds  in  such  parts  heal  badly,  and  are  pecidiarly  prone  to  Ix; 
affected  by  unhealthy  spreading  inflammations.  If  the  patient  be  a  gi-ow- 
ing  child,  the  development  of  the  affected  jiart  will  be  more  or  less  completely 
arrested. 

The  changes  in  the  muscles  in  these  cases  are  of  great  importance.  From 
the  moment  the  nerve  is  divided,  all  voluntary  power  is  of  course  lost. 
Experiments  have  shown  that  up  to  the  fourth  day,  stimulation  of  the  lower 
end  of  the  divided  nerve  will  cause  contraction  of  the  muscles  in  mammals. 
For.  about  the  same  time  in  the  human  subject  it  will  be  foimd  that  the 
muscles  respond  more  readily  than  natural  to  the  faradic  current,  but  after 
this  the  irritability  of  the  muscles  to  the  current  becomes  rapidly  less,  while 
at  the  same  time  they  distinctly  waste.  At  the  end  of  a  week  or  two  the 
muscles  entirely  cease  to  respond  to  faradism.  With  the  continuous  current 
slowly  interrupted,  the  course  of  events  is  as  follows  :  first,  the  muscle 
responds  too  readily  for  a  few  days,  after  which  its  irritability  gradually 
diminishes  until  it  disappears  entirely  as  the  muscle  atrophies.  This  takes 
place,  however,  A^ery  slowly,  the  muscle  frequently  continuing  to  respond  to 
the  continuous  current  lor  many  months  after  the  faradic  current  has  ceased 
to  act.  These  reactions  are  most  useful  guides  in  diagnosis,  prognosis,  and 
treatment.  As  the  muscles  become  flabby  and  wasted,  deformities  "of  various 
kinds  may  ensue,  from  the  disturbance  of  the  proper  balance  of  antagonism 
between  the  different  sets  of  muscles  of  the  limb,  or  from  shortening  of 
those  which  are  paralyzed  and  atrophied. 

If  union  takes  place  between  the  opposite  ends  of  the  divided  nerve,  the 
various  phenomena  that  have  just  been  described  gradually  disa]-)pear,  and  com- 
plete restoration,  first  of  sensation  and  afterwards  of  motion,  with  a  return  to 
the  normal  nutrition  of  the  part,  eventually  takes  place.  Some  voluntary 
motion  usually  returns  in  the  muscles  before  electrical  irritability  is  re- 
established. In  many  cases,  however,  especially  if  a  piece  of  the  nerve  have 
been  removed,  or  if  the  wound  in  which  it  has  been  divided  heal  by  the 
second  intention,  recovery  fails  to  take  place.  Sometimes,  under  these 
circumstances,  the  nerve  at  the  seat  of  its  division  becomes  implicated  in  a 
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mass  of  dense  cicatricial  tissue,  and  its  central  end  becomes  bulbous,  just  as  in 
similar  conditions  in  stumps,  and  it  may  then  become  the  seat  and  the  source 
of  the  most  intense  sufferings — neuralgic  pains  darting  lilce  electric  shocks 
downwards  to  the  terminal  branches  and  upwards  along  ihe  trunlc  of  the 
affected  nerve. 

Pathology. — If  a  nerve  be  completely  divided  its  two  ends  retract  very 
slightly  ;  not  more  than  a  sixteenth  of  an  inch.    In  cases  which  have  been 
examined  at  a  later  period,  the  separation  has  been  found  to  have  increased  to 
about  a  third  or  half  an  inch,  or  even  more.    Degeneration  sets  in  in  the 
tubules  of  the  peripheral  end  about  four  days  after  it  has  been  cut  off  from  its 
communication  with  the  nerve-centres.    The  medullary  sheath  first  undergoes 
segmentation,  then  breaks  up  into  irregular  globules  and  finally  disappears 
entirely  in  about  a  month.    The  axis-cylinder  degenerates  at  a  later  period, 
but  after  some  weeks  it  also  breaks  up  and  disappears.    The  nerve  then 
consists  merely  of  the  shrunken  hyaline  sheath  of  Schwann  and  the  connective 
tissue  of  the  fibrous  sheath.    In  the  central  end  degeneration  is  much  more 
hmited,  extending  only  a  very  short  distance  fi'om  the  injury,  and  it  commences 
at  a  later  period.    Within  a  few  weeks  of  the  injury  the  proximal  end  will 
always  be  found  to  have  become  more  or  less  distinctly  bulbous,  the  bulb 
being  composed  of  fibrous  tissue  in  which  many  new  nerve-tubules  are. 
commonly  found.    Bowlby  states  that  the  regeneration  of  the  distal  end  may 
occur  without  union  of  the  divided  nerve,  but  Eanvier  believes  this  takes  place 
only  when  there  are  free  communications  between  the  fibres  of  neighbouring 
nerves  and  those  of  the  divided  nerve.    In  a  case  lately  in  University  College 
Hospital  the  state  of  the  nerves  confirmed  this  latter  view  :  three  years  after 
division  the  distal  end  of  the  ulnar,  which  has  but  few  communications  with 
any  other  nerve,  showed  no  signs  of  regeneration,  while  that  of  the  median 
which  communicates  freely  with  the  radial  contained  multitudes  of  tubules 
with  healthy  medullary  sheaths.    When  the  ends  of  the  divided  ner^^e  are 
brought  in  contact  directly  after  division  it  has  been  asserted  that  immediate 
union  may  occur.  It  is  difiicult  in  any  other  way  to  explain  the  fact  that  in  some 
exceptional  cases  sensation  has  commenced  to  return  in  the  parts  supplied  by 
the  divided  nerve  within  twenty -four  hours  of  the  approximation  of  the  ends 
by  suture.    Under  ordinary  circumstances  the  first  step  is  the  formation  of  a 
bond  of  union  between  the  two  ends  composed  of  a  delicate  spindle-cell  tissue. 
By  what  process  the  new  nerve-tubules  are  developed  in  this  mass  of  young 
connective  tissue  is  still  doubtful.    Cornil  and  Ranvier  assert  that  a  growth 
takes  place  from  the  axis-cylinder  of  the  proximal  end  which  penetrates  the 
new  tissue  and  communicates  with  the  lower  end,  becoming  subsequently 
clothed  with  the  medullary  sheath.    Before  the  nerve  can  resume  its  functions, 
the  whole  peripheral  part,  which  has,  as  before  stated,  undergone  degeneration, 
must  be  regenerated.    The  regeneration  of  the  degenerated  tubules  is  believed 
to  take  place  frqm  the  nuclei  of  the  sheath  of  Schwann,  which  remain  even  in 
the  atrophied  nerve  after  the  medullary  sheath  and  axis-cyhnder  are  gone. 
These  multiply  and  join  with  each  other  to  form  the  new  axis-cylinder,  which 
subsequently  becomes  surrounded  by  the  medullary  sheath.    The  process  of 
regeneration  is  said  to  ijrocced  gradually  down  the  ner\-e  from  the  injured 
spot.    The  restoration  of  a  divided  nerve  is  in  most  cases  slow,  and  is  often 
not  complete  for  from  three  months  to  a  year.    The  period  at  which  signs  of 
returning  function  have  manifested  themselves  varies  much.    In  some  rare 
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cases  seusatiun  has  coiumenccd  to  return  iu  from  tweiity-l^jui'  hours  to  six  duvs 
in  others  not  for  many  inontlis.  ' ' ' 

TrEATJIIOXT  of  TxJirJMKS  causing    IXTKlillLPTlON   OV   TJJK  CoNDrCTJNG 

1 OWEE  OF  A  Neiin  j.;.— The  treatment  of  these  injuries  may  be  divided  into 
two  parts:  1st,  tlie  Local  irealmcnt  of  tlie  injured  nerve,  and  2ndly,  the  treat- 
ment of  tlie  Parahjml pari. 

The  Local  Treament.— In  cases  of  suinitaneous  injury  nothing  can  Ije 
done,  it  may  be  taJcen  for  -ranted  tliat,  altiiough  the  nerve  may  be  com- 
pletely paralysed,  its  continuity  is  not  destroyed  by  any  subcutaneous  injury 
On  dissecting-  limbs  amputated  for  the  most  severe  railway  or  machinery 
uccideuts,  the  nerves  are  ahnost  invariably  found  untoru  in  the  midst  of  the 
crushed  tissues.  To  cut  down,  therefore,  in  a  subcutaneous  injury  uith  the 
mteution  of  suturing  the  nerve  would  be  a  grie\  ous  error.  AVlien  the  function 
of  the  nerve  is  aliolished  hj  j^rcssurc,  the  cause  of  pressure  must  be  removed 
if  possible,  as  by  the  cure  of  an  aneurism,  the  excision  of  a  tumour,  oi-  the 
reduction  of  a  dislocation.  When  the  cause  of  the  paralysis  is  the  implication 
of  the  nerve  in  a  cicatrix  or  in  the  callus  of  a  fraciure,  nothing  should  be  done 
locally  until,  after  waiting  many  mouths,  it  becomes  evident  that  nature  M  ill 
not  effect  a  cure.  It  will  very  rarely  be  found  necessary  in  such  cases  to 
.adopt  any  operative  plan  of  treatment,  the  symptoms  disappearmg  as  the  scar 
becomes  looser  with  age,  or  as  the  provisional  callus  of  the  fracture  is  altsorbed. 
Warren,  however,  relieved  a  ease  of  neuralgia  resulting  from  imphcation  and 
compression  of  a  nerve  by  condensed  cicatricial  tissue  by  dissecting  it  out  <=f 
the  midst  of  this  without  dividing  or  other^dse  injuring' it. 

In  cases  of  division  of  a  nerve  in  an  open  wound  no  doubt  exists  as  to  the 
proper  line  of  treatment ;  the  two  ends  of  the  nerve  should  be  found  and  care- 
fully secured  to  each  other  by  fine  sutm-es.    The  best  material  for  suture  is 
very  fine  chromic  catgut  or  kangaroo  tendon.    Silk,  which  would  not  be 
absorbed  for  many  M^ecks,  would  be  very  likely  to  cause  some  irritation  and 
possibly  severe  neuralgia.    '■J'he  needle  should  be  a  common  round  sewing 
needle,  which,  if  necessary,  can  easily  be  bent  into  a  curve  in  the  flame  of  a 
spirit-lamp  aud  hardened  again  by  being  dipped  in  cold  water  ;  the  ordinai-y 
flat  surgical  needle,  with  its  cutting  edges,  needlessly  damages  the  fibres  of  the 
nerve.  The  cud  of  the  nerve  should  not  be  pinched  with  the  forceps,  as  this  ma.\ 
prevent  rapid  union.    The  sutures  should  be  passed  completely  through  the 
nerve,  not  through  the  sheath  only,  as  this  ensures  better  approximation  of  the 
ends.    Three  or  four  sutures  having  been  applied,  according  to  the  size  of  the 
nerve,  the  Avound  must  be  closed  and  treated  by  some  antiseptic  method  if 
possible  ;  union  by  the  second  intention  being  usually  but  not  uecessaril;, 
fatal  to  success.    The  limb  must  be  put  in  such  a  position  as  completely  to 
j'elax  any  strain  on  the  nerve.    Li  a  large  proportiou  of  the  cases  treated  iu  this 
Avay  good  unioiL  wiW  be  obtained,  with  I'estoration  of  function.    If  the  first 
attempt  fail  from  suppuration  in  the  wound,  another  attempt  may  be  made 
later  on  as  a  secondary  operation.    Lastly,  if  the  nerve  have  been  divided,  the 
wound  lojig  healed,  and  uo  re])air  have  taken  ])lace,  a  secondary  oi)eration  may 
be  performed  with  a  hope  of  success  even  at  a  very  remote  ])eriod  after  the 
injury.     The  operation  is  performed  by  freely  exposing  the  nerve.  its 
proximal  extremity  can  sometimes  be  found  by  its  bulbous  condition,  which 
luay  perhaps  be  felt  ;  the  lower  end  is  ofteu  atrophied  and  luoi'c  diflicult  to 
.find.    The  ends  of  the  nerve  may  then  )je  pared,  so  as  to  remove  the  dense 
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scai'-fcissue  with  whicli  tliey  arc  covered,  but  no  more  should  be  taken  away 
than  is  absolutely  neeessary.  After  this  they  are  sutured  as  in  a  fresh  wound. 
This  operation  has  been  successfully  performed  by  Jessop  in  a  case  of  wound 
of  the  ulnar  nerve  which  had  happened  some  years  before.  Wheelhouse,  in 
1875,  cut  down  upon  the  sciatic  nerve  in  a  case  in  which  it  had  been  wounded 
by  a  scythe  nine  months  previously.  The  limb  was  completely  paralyzed  and 
useless  ;  the  muscles  were  much  wasted  and  their  electrical  irritability  almost 
lost  ;  the  ends  were  two  inches  apart,  tlie  upper  large  and  bulbous,  and  the 
lower  slightly  atrophied.  The  bulb  -vvas  removed  from  the  central  end,  and 
both  ends  pared  till  healthy  nerve-tissue  appeared,  and  then  brought  together 
with  fine  catgut  sutures.  It  was  only  by  flexing  the  knee  forcibly  that  they 
could  be  brought  into  sufficiently  close  apposition  to  allow  of  the  sutures  being 
tied.  Sensation  returned  in  about  a  month,  and  then  the  leg  was  gradually 
straightened.  The  recovered  sensibility  remained  unimpaired,  and  motion 
returned  soon  after.  At  the  end  of  three  months  the  patient  could  walk  with 
the  aid  of  a  stick  ;  and  two  years  afterwards,  although  the  limb  had  not 
regained  its  full  size,  he  could  work  in  the  fields  and  walk  without  artificial 
help. 

2.  Treatment  of  the  Paralyzed  Iiimb. — In  all  those  cases  in  which  the 
nerve  is  not  completely  divided,  treatment  of  the  paralyzed  parts  is  alone 
possible,  the  object  being  to  ]irevent  wasting  and  to  maintain  the  nutrition 
of  the  Umb  in  such  a  way  that,  when  restoration  of  the  nerve  takes  place, 
the  muscles  shall  be  in  a  state  to  respond  to  the  influence  of  the  will.  More- 
over, much  can  be  done  l)y  judicious  treatment  to  maintain  the  tempera- 
tm-e,  to  avoid  the  formation  of  chilblains  and  other  sores,  to  prevent  the 
development  of  deformities,  and  in  children  or  young  subjects  to  keep  up  the 
growth.    In  order  to  keep  up  the  nutrition  and  to  overcome  the  congestion 
A\'hich  is  always  met  with  in  the  paralyzed  part,  it  must  be  made  of  a  healthy 
red  colour  at  least  twice  a  day.    There  is  no  mare  efficient  means  of  doing 
this  than  by  the  use  of  the  continuous  electric  current.    The  sponge-holder 
connected  with  the  positive  pole  of  the  battery  may  be  applied  over  the  com'se 
of  the  nerves,  while  the  limb  is  freely  sponged  with  the  other.    At  the  same 
time  each  separate  muscle  should,  if  possible,  be  made  to  contract  by  slow 
interruptions  of  the  current.    In  a  minute  or  more  the  whole  paralyzed  part 
will  become  bright  red.    In  the  absence  of  the  battery,  much  may  be  done  by 
properly  applied  rubbing  or  massage.    The  part  should  be  carefully  protected 
hj  warm  clothing,  and  the  patient  should  be  encouraged  to  use  it  as  much  as 
possible.   If  only  a  single  group  of  muscles  is  paralyzed,  properly  designed 
apparatus  may  be  required  to  overcome  the  deformity  which  ensues,  but  this 
should  ne\  er  be  used  if  it  can  be  avoided,  as  it  interferes  to  some  extent  with 
the  use  of  the  limb. 

Traumatic  Neuritis.— This  disease  may  follow  almost  any  injury  of  a 
nerve.  It  is  most  common  in  civil  practice  as  tlie  result  of  bruises  or  strains, 
.and  is  sometimes  connected  with  gout  or  rheumatism,  in  wounds  it  seldom 
arises  unless  union  has  taken  place  by  the  second  intention  with  unhealthy 
inflammation  and  suppuration  ;  and,  consequently,  it  is  a  rare  aflection  in 
.iimputati(m  stumps.  In  gunshot  wounds,  in  which  the  nerves  are  often 
contused  and  partially  divided  and  in  which  the  wound  almost  always  heals 
with  sup])uration,  it  is  more  common. 

Pathology. — The  disease  consists  essentially  of  a  chronic  inflammation 
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slowly  ascending-  the  nerve,  with  thiokeninf?  of  the  epineurium  and  over- 
gTowth  ot  the  inter-iascicular  areolar  tissue.  The  aceoiupanyiu-  drawing 
(-big.  1G8),  from  a  case  in  which  Sands  and  Seguin,  of  New  *York,  excised 
the  cords  which  form  the  brachial  plexus,  close  to  the  intervertebral  fora- 
mina, illustrates  well  this  compression  of  the  nervous  structures  by  dense 
masses  of  mter-fascicular  areolar  tissue  greatly  hypertrophied,  and  permeated  by 
dilated  blood-vessels.  In  extreme  cases  the  disease  is  said  to  extend  to  the 
cord,  and  give  rise  to  sclerosis. 

Symptoms.— The  symptoms  of  traumatic  neuritis  are  intense  ])ain  and 
tenderness  in  the  line  of  the  affected  nerve.    Sensation  is  variously  modified 


Fig.  108.— Section  from  Lower  Cord  of  Brachial  Plexus  near  lutervertel.iral  Foramina,  showinc  the  U-sion'. 
of  Clu-onic  Neuritis  (Sands  and  Seguin). 

a.  Secondary  fasciculi,  showing  atrophied  fibres  (circles  not  niuch  larger,  under  WO  diaui.,  tliaii 
those  of  normal  nerve  under  05  diam.) ;  very  few  axis-cylinders  pi-eseiit.  Tissue  between 
fibres  increased. 

It,'.  Small  aggregation  of  fibres,  separated  from  others  by  dense  inter-fibrillar  eoiiiiecfive  t  xsue 
h.  Immensely  hypertrophied  iuter-fascicular  areolar  tissue.    Sheatlis  of  fasciculi  no  lonm  r 
distinot. 

c.  Dilated  blood-vessels  surrounded  by  altered  e(Hinective  tissue. 

(1.  Yellow  gi-auular  pigiueut  lying  in  areolar  tissue,  mostly  in  neighbourhood  of  vessels. 


in  the  parts  supplied  by  the  nerve  ;  there  may  be  numbness,  or  tingling,  or 
anaesthesia  ;  in  other  cases  there  may  be  intense  neuralgic  pain.  Occasionally 
there  are  spasms,  but  more  commonly  there  is  weakness  or  paralysis  of  some 
.of  the  muscles  supplied.  Poore  has  shown  that  in  a  considerable  proportion 
of  the  cases  which  have  come  under  his  care  for  loss  of  writing-power,  tender- 
ness has  been  found  in  the  course  of  some  one  or  more  of  the  nerves  of  the 
arm,  and  on  tracing  the  history,  the  origin  of  the  affection  was  frequently 
found  to  be  a  strain  or  other  injury.  In  one  case  recorded  by  him,  the 
whole  brachial  plexus  in  the  axilla  became  intensely  tender  after  a  violent 
strain  of  the  shoulder.  The  patient's  suiferings  were  very  great,  and  nothing 
gave  him  much  relief.  At  last,  after  prolonged  rest,  the  symptoms  subsided, 
and  it  was  then  found  that  the  serratus  magnus  ^\•as  paralyzed.  Finally, 
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this  also  recovered.  Iii  hysterical  patients  the  symptoms  are  often  greatly 
exaggerated. 

Treatment. — In  the  early  and  painful  stage  of  the  disease,  electricity  does 
no  good,  in  fact  it  may  aggravate  the  mischief.  The  tender  nerves  should 
be  freely  blistered,  and  the  affected  limb  kept  at  perfect  rest.  When  the 
symptoms  are  less  intense  a  long  strip  of  capsicum  plaster  applied  along  the 
line  of  the  nerve  gives  much  relief.  If  any  constitutional  condition  such  as 
gout,  rheumatism,  or  syphilis  can  be  detected,  it  must  be  treated  by  appropriate 
means.  These  cases  are  always  chronic,  often  lasting  many  months  before  the 
symptoms  disappear.  In  others,  all  milder  means  having  failed,  surgical 
operations  of  various  kinds  have  been  undertaken  for  the  relief  of  the  patient. 
These  operations  are  of  three  kinds  :— 1.  Excision  of  the  bulbous  ends  of  the 
nerves  in  cases  of  nem-itis  following  amputation  ;  2.  Division  or  excision  of  a 
portion  of  the  affected  nerve  ;  and  3.  Nerve-stretching. 

1.  Excision  of  the  Bulbous  Ends  of  the  Nerves. — This  has  been 
undertaken  usually  under  the  impression  that  the  bulbous  end  was  the  seat  of 
the  mischief.  In  some  cases  no  doubt  a  painful  stump  is  due  to  implication 
of  the  end  of  the  nerve  in  the  cicatrix,  and  then  relief  is  given  by  the 
operation.  If  the  symptoms  are  however  due  to  true  chi-onic  ascending 
neuritis,  this  operation,  although  occasionally  giving  relief  for  a  short  time,  is 
never  productive  of  a  cure. 

2.  Division  or  excision  of  portions  of  the  Nerve. — The  smaller  nerves 
of  the  limbs  have  been  repeatedly  divided  or  partially  excised,  in  cases  of 
persistent  traumatic  neuralgia.  The  larger  nervous  trunks,  such  as  the 
median,  musculo-spiral,  and  ulnar,  have  been  treated  in  the  same  way  in  the 
upper ;  and  the  external  popliteal,  and  even  the  sciatic  nerve  in  the  lower 
limb,  has  been  partially  excised  as  a  last  resource  in  extreme  cases.  These 
operations  have  in  some  cases  effected  a  permanent  cure,  in  others  they  have 
been  followed  by  only  temporary  relief. 

It  was  reserved  ior  Sands,  of  New  York,  to  remove  a  section  of  the  whole 
brachial  plexus  close  to  the  exit  of  the  nerves  from  the  spinal  column.  This 
was  done  in  a  lad  aged  eighteen,  whose  right  arm  had  been  seriously  injured 
in  firing  a  salute.  The  arm  was  amputated,  but  the  patient  suffered  the  most 
agonizing  tortm-e  from  chronic  nerve-lesion  high  up  in  the  limb.  So  great 
were  his  sufferings  that  he  became  uncontrollable  in  his  actions,  and,  though 
perfectly  sane,  gave  way  to  fits  of  the  most  intense  excitement.  The  opera- 
tion consisted  in  making  an  incision  along  the  outer  border  of  the  right 
sterno-mastoid,  and  a  transverse  one  following  the  line  of  the  clavicle. 
The  J-shaped  flap  was  turned  up,  the  carotid  sheath  and  its  contents  carried 
to  one  side,  and  the  brachial  plexus  exposed.  Pieces  f  ally  a  quarter  of  an  inch 
in  length  were  cut  out  fr-om  the  four  lower  cervical  and  first  dorsal  nerves, 
and  from  one  of  these  Fig.  168  was  taken.  Considerable  improvement 
though  not  complete  relief  from  suffering,  followed  the  operation. 

3.  Nerve-stretching.— The  operation  of  nerve-stretching  w^as  introduced 
by  Nussbaum  originally  as  a  mode  of  treating  intense  neuralgia  following 
injury.  In  a  case  of  this  kind  affecting  the  arm,  and  resulting  from  gunshot 
injury,  he  cut  down  and  stretched  the  ulnar  nerve,  then  the  nerves  surround- 
ing the  brachial  artery,  and  lastly,  the  brachial  plexus  itself,  pulling  vigorously 
on  the  nervous  cords.  The  result  was  a  perfect  cure.  Since  then  the 
operation  has  been  performed  on  nerves  in  all  parts  of  the  body  and  for 
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a  great  variety  of  diseases,  but  it  will  be  perhaps  most  couvenieiitly  desci-ibcd 
here. 

Under  the  name  of  "  nerve-stretching  "  two  distinct  operations  are  included. 
In  operating  on  the  larger  trunks  the  nerve  is  exposed,  cleanly  isolated  for  uu 
inch  or  more,  and  forcibly  stretched  eithei-  by  passing  the  fingei-  beneath  it,  as 
in  the  case  of  the  sciatic,  or  by  means  of  a  hook  ;  but  on  account  of  the  great 
size  and  strength  of  the  nerve  its  power  of  conducti(jn  is  never  completely 
destroyed,  even  if  considerable  force  be  used,  although  there  may  be  some 
modification  in  its  function.  In  operations  on  the  smaller  nerves,  as  the  facial, 
the  nerve  is  exposed  and  stretched  with  a  hook,  and  it  will  always  be  found, 
df  moderate  force  be  used,  that  conducting  power  is  as  completely  abolished 
as  if  the  nerve  had  been  divided.  This  operation  is  therefore  equivalent  to 
division,  the  only  difference  being  that,  as  the  continuity  of  the  nerve  is  nor 
destroyed,  restoration  of  function  is  certain  to  take  place  sooner  or  later. 
.  The  most  complete  account  of  nerve-stretching  in  the  English  language  is 
that  given  by  Marshall  in  the  Bradshaw  Lecture  dehvered  at  the  Royal  College 
:of  Surgeons  in  18S8,  to  which  the  reader  is  refei'red  for  fuller  information  on 
the  subject. 

Nerves  possess  but  slight  extensibility  and  elasticity,  but  their  cohesion  or 
strength  is  very  great.  The  breaking-strain  of  a  nerve  varies  necessarily 
with  its  size.  Thus  that  of  the  supra-orbital  is  said  to  be  about  six  pounds, 
■while  a  healthy  sciatic  will  support  ]  -8  of  the  weight  of  the  body,  or  in  a 
Tiealthy  man  about  270  lbs.  When  a  nerve  is  steadily  stretched  longitudinally 
with  moderate  force,  the  strain  is  borne  at  first  almost  entirely  by  the  fibrou.'; 
tissue  composing  the  sheath.  The  nerve-fibres  are  straightened  and  the 
■spaces  between  them  narrowed,  and  thus  the  vessels  and  lymph-spaces  could 
be  squeezed  and  emptied  of  their  contents.  When  the  strain  is  increased  to 
about  two-thirds  of  the  breaking-strain  and  continued  for  some  minutes,  it 
comes  to  act  more  directly  on  the  tubules,  and  produces  very  definite  changes 
in  their  structure.  The  first  effect  observed  is  fissuring  or  cleavage  of  the 
.medullary  sheath.  A  still  more  forcible  strain  causes  the  medullary  sheath  to 
be  broken  up  into  irregular  masses.  If  still  more  force  be  applied  the  axis- 
cylinder  and  the  tubular  sheath  may  be  ruptured.  This  degree  of  injury  can 
hardly  be  inflicted  in  actual  practice  when  stretching  a  large  nerve  by  longi- 
tudinal traction  with  the  finger  and  thumb.  In  stretching  a  nerve  rrans- 
•versely  with  a  hook  the  medullary  sheaths  are  commonly  ruptured  and  dis- 
integrated at  the  point  of  pressure,  and  the  axis-cylinder  ruptured,  tlu' 
continuity  of  the  nerve  being  thus  practically  inten-upted. 

The  rationale  of  the  effects  of  nerve-stretching  for  the  relief  of  chronic 
neuritis  was  first  suggested  by  Marshall.  The  fact  that  in  neuritis  the  ner\^i' 
itself  is  tender,  and  that,  as  a  rule,  the  pain  is  not  referred  to  the  parts  sujiplied 
by  the  affected  nerve  led  him  to  the  conclusion  that  the  nerve-trunks  must 
contain  sensory  fibres  distributed  in  their  sheaths,  or  nervi  nervorum.  At  tlu; 
time  this  suggestion  was  made,  although  sym]iathetic  fibres  accomjianying 
the  vessels  had  been  demonstrated  in  nerves  by  Sappey,  no  others  had  lieen 
recognised.  Victor  Horsley,  following  up  ^larshall's  suggestion,  has,  however, 
clearly  shown  that  short  medullated  fibres  terminating  in  tactile  corpuscles 
exist  in  the  perineurium  and  epineurium  of  all  nerves.  The  pain  and  tender- 
ness in  the  nerves  in  neuritis  may,  thereibre,  l)e  explained  by  the  pressure 
upon  these  nervi  iiervorum  by  inflammatory  exudations  and  new  coimective 
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tissue.  lu  stretchiug  a  uerve  the  strain  is  first  borne  by  the  sheath,  aucl  it  is 
not  until  veiy  considerable  force  is  applied  that  the  proper  tubules  of  the 
uerve  begin  to  suffer.  .  It  is  easy  to  understand,  therefore,  how  the  nervi 
nervorum  ramifying  in  the  sheath  may  be  strained  or  ruptured  to  such  an 
extent  as  to  destroy  their  conducting  power,  and  thus  render  the  nerve  itself 
insensible  without  abolishing  the  power  of  the  nerve  to  transmit  sensory  and 
motor  impulses  through  its  proper  tubules. 

The  secondary  effects  of  nerve-stretddng  are  the  same  as  those  of  other 
injuries  of  nerves.  If  force  sufficient  to  disintegrate  the  medullary  sheath 
and  to  interrupt  the  conductivity  of  the  nerve  is  used,  the  degenerative 
changes  already  described  as  occurring  after  section  of  a  nerve  take  place. 

Tlie  Operation  of  M'erve-Stretch.ing'. — -The  nerve  is  exposed  by  an 
incision  pai-allel  to  its  course,  unless  this  would  needlessly  damage  neigh- 
bouring parts.  It  must  be  separated  cleanly  from  the  fat  and  areolar  tissue 
sui-rounding  it  for  a  sufficient  distance,  and  then  raised  from  its  bed  with  a 
blunt  hook  or  with  the  fore-finger.  If  the  nerve  be  of  sufficient  size  it  is 
seized  between  the  finger  and  thunib  and  steady  traction  made  upon  it,  as  much 
as  possible  in  the  direction  of  its  com-se.  It  should  be  stretched  both  centri- 
fugally  and  centripetally,  and  the  traction  should  be  maintained  for  about 
five  minutes  in  each  direction.  In  the  case  of  a  small  nerve,  such  as  one  of 
the  branches  of  the  fifth  or  the  facial,  two  hooks  are  passed  beneath,  which 
are  then  separated  from  each  other  with  sufficient  force  thoroughly  to  stretch 
the  trunk  without  actually  tearing  it  across.  The  force  to  be  used  necessarily 
varies  with  the  size  of  the  nerve.  The  sciatic  may  safely  be  stretched  with 
a  force  of  thirty  pounds,  which  is  about  as  much  as  can  be  exerted  when 
grasping  the  nerve  between  the  finger  and  thumb.  In  a  fresh  dead  body 
the  head  may  be  raised  by  a  hook  under  the  facial  nerve  without  tearing  it 
across,  but  a  smaller  degree  of  force  must  be  used  in  operating  on  the  living 
body.  The  Surgeon  must  use  his  judgment  in  the  force  he  employs  in 
stretchhig  the  various  nerves.  The  after-treatment  of  the  wound  presents 
nothing  peculiar,  but  every  effort  should  be  made  to  secure  union  by  the  first 
intention,  otherwise  the  operation  may  serve  as  a  starting  point  for  neuritis. 

Bloodless  nerve-siretcJiiug  has  been  suggested  in  the  case  of  the  sciatic. 
TMs  is  done  by  flexing  the  thigh  upon  the  abdomen  while  the  knee  is  bent. 
The  leg  is  then  gradually  but  forcibly  extended.  In  this  position  the  sciatic 
nerve  is  thoroughly  put  on  the  stretch. 

Physiological  Effects  of  Nerve-Stretching.^ — ^It  may  at  once  be  stated 
that  the  effect  of  stretching  a  small  nerve  on  a  blunt  hook,  even  if  only  a 
moderate  degree  of  force  be  used,  is  completely  to  interrupt  its  physiological 
continuity,  abolishing  sensation  or  voluntary  motion  or  both,  according  to  the 
nature  of  the  nerve,  in  the  parts  supphed  by  it.  In  the  case  of  a  larger  nerve 
stretched  between  the  finger  and  thumb,  a  slight  stretching  seems  to  increase 
its  conducting  power  to  sensory  and  motor  impulses  of  all  kinds.  A  stronger 
pull  impairs  the  function  of  the  sensory  fibres,  causing  numbness,  or  even 
complete  anaesthesia,  and  if  still  more  force  be  used  motor  paralysis  may  be 
induced.  There  is  no  conclusive  evidence  that  nerve-stretching,'  however 
forcible,  produces  any  mechanical  or  functional  effect  on  the  nerve-centres. 

ResTilts.. — Nerve-stretching  has  been  employed  in  a  great  variety  of  diseases 
besides  cases  of  true  neuritis,  and  these  will  be  referred  to  in  subsecj^uent 
chapters.    Marshall  gives  a  table  of  512  cases,  collected  from  various  sources. 
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In  154  of  these  the  operation  was  performed  for  neuralgia  of  the  upper  or 
lower  limb,  and  were  probably  cases  of  true  nerve-stretchiug  without  inter- 
ruption of  the  physiological  continuity  of  the  nerve.  In  108  the  operation 
resulted  in  a  cure,  in  2G  it  gave  rise  to  permanent  improvement,  in  11  to 
temporary  relief,  and  in  S)  it  failed,  and  one  of  these  terminated  in  the  death 
of  the  patient.  Nerve-stretching  seems,  therefore,  in  these  cases  to  be  very 
successful,  and  as  it  is  practically  free  from  danger  it  should  always  be 
adopted  when  milder  means  have  failed. 

INJURIES    OF    MUSCLES    AND  TENDONS. 

Contusions. — Muscles  are  frequently  bruised  by  violent  blows  or  falls,  a 
few  fibres  being  often  ruptured.  The  chief  signs  of  this  injury  are  a  sense  of 
inability  to  use  the  muscles,  and  great  pain  on  attempting  to  do  so.  There 
is  tenderness  on  pressure  over  the  bruised  spot,  but  passive  movements  do  not 
cause  pain  so  long  as  they  do  not  put  the  injured  fibres  on  the  stretch.  By 
careful  attention  to  these  points,  it  is  easy  to  distinguish  these  injmies  from 
fractures  of  neighbouring  bones  which  they  sometimes  resemble — especially  in 
the  neighbourhood  of  the  shoulder-joint. 

Speains  or  Steains  of  muscular  parts,  without  rupture  of  fibres,  are  of  very 
common  occurrence,  especially  about  the  shoulder,  the  hip,  and  the  loins,  and 
are  accompanied  by  much  pain  and  stiffness,  and  by  inability  to  move  the 
part.  When  they  occur  in  rheumatic  subjects,  these  injuries  not  uncommonly 
give  rise  to  severe  and  persistent  symptoms  ;  painful  atrophy,  rigidity,  or 
local  paralysis  of  the  injured  muscle  loeing  in  some  cases  induced.  It  is  then 
often  difficult  to  determine  how  much  is  due  to  the  direct  strain  of  the 
muscle,  and  how  much  to  chronic  neuritis  resulting  from  a  simultaneous 
strain  of  the  nerves.  When  complete  atrophy  of  a  muscle  preceded  by  much 
pain  follows  a  strain,  it  is  probable  that  the  nerves  have  been  implicated  in 
the  injury. 

In  the  Treatment  of  these  accidents,  when  recent,  it  wiU  be  found  that 
kneading  or  rubbing  the  part  with  a  stimulating  embrocation  gives  relief,  but, 
if  the  pain  be  severe,  the  application  of  hot  fomentations  with  rest  is  more 
effectual.  In  the  later  stages,  blisters  applied  to  the  points  at  which  the  pain 
is  most  severely  felt  are  often  beneficial.  If  the  injury  occur  in  persons  of  a 
rheumatic  diathesis,  the  effects  are  much  more  severe  and  persistent  than 
in  those  who  are  otherwise  constituted.  In  such  persons,  douches,  frictions, 
and  passive  motion  will,  after  a  time,  be  necessary,  together  with  proper 
constitutional  treatment.  In  strumous  subjects,  a  sprain  may  lead  to  the 
development  of  very  serious  inflammations. 

Muscles  that  have  been  sprained  sometimes  undergo  a  species  of  rigid  atrophy, 
with  much  impairment  of  motion  of  the  limb  or  joint.  In  such  cases,  frictions, 
douches,  and  above  all,  electricity,  will  be  found  useful. 

RuPTUEB  OF  THE  Sheath. — It  Occasionally  happens  that  the  sheath  is 
ruptured,  so  that  the  belly  of  the  muscle  forms  a  kind  of  hernial  protrusion 
through  the  aperture.  This  usually  happens  with  the  biceps,  or  the  extensors 
of  the  fingers  or  the  rectus  femoris. 

Dislocation  oe  Displacement  of  Muscles  oe  Tendons.— The  long 
slender  muscles  of  the  forearm,  and  the  complicated  muscles  of  the  back  ^vith 
their  innumerable  interdigitating  tendons  and  bellies,  and  all  tendons  lying  in 


RUPTURE  AND  DIVmON  OF  MUSCLES.  5°^ 

o-rooves  in  bones  are  liable  to  be  displaced  by  some  sudden  and  unusual  move- 
ment. The  accident  is  popularly  spoken  of  as  a  "  rick."  The  characteristic 
features  of  the  accident  are,  that  during  some  forcible  movement  the  patient 
feels  a  sudden  severe  pain,  localized  to  a  single  spot,  and  at  the  same  time  he 
finds  himself  unable  to  execute  certain  movements.  The  Surgeon  in  the 
majority  of  cases  by  careful  examination  and  by  noting  exactly  what  move- 
ment causes  the  pain,  will  be  able  to  ascertain  which  is  the  affected  muscle. 
In  the  case  of  the  slipping  out  of  a  superficial  tendon,  the  displaced  part  may 
be  felt  moving  in  its  abnormal  situation.  Callender  laid  down  the  following 
rules  for  the  treatment  of  this  injury.  First,  guided  by  the  pain,  decide  as 
to  the  muscle,  or  digitation  of  a  muscle,  which  is  probably  the  seat  of  the 
injury.  Secondly,  relax  the  muscle  as  far  as  possible  by  putting  the  part  in 
the  position  which  would  be  induced  by  its  full  contraction.  Thirdly,  by  firm 
manipulation,  such  as  by  rubbing  with  the  hand,  or  by  kneading  with  the 
thumb,  endeavour  to  replace  it.  Fourthly,  if  this  fail,  make  pressure  over  the 
part  whilst  you  make  the  patient  contract  the  muscle,  or  if  he  cannot  do  this, 
put  the  part  suddenly  in  such  a  position  as  to  stretch  the  muscle.  These 
manipulations  must  be  done  without  an  anaesthetic,  as  we  need  guidance  from 
the  sensations  of  the  patient  and  the  action  of  the  aflFected  muscle.  Replace- 
ment is  seldom  possible  after  two  or  three  weeks.  If  the  condition  is  left 
unrelieved  the  parts  seem  to  accommodate  themselves  to  their  new  positions, 
and  the  pain  subsides,  but  some  permanent  weakness  may  remain.  The 
accident  is  always  hkely  to  recur,  even  if  the  displacement  has  been  success- 
f  ally  reduced. 

The  following  are  the  chief  situations  in  which  this  accident  has  been  met 
with  : — 

The  Long  Tendon  of  the  Biceps.  In  a  case  of  this  described  by 
CaUender,  there  was  great  pain  and  inability  to  move  the  biceps  or  even  the 
shoulder-joint.  The  shoulder  seemed  to  droop  forwards.  The  tendon  could 
be  felt  lying  at  the  inner  side  of  its  groove.  It  could  be  replaced,  but  no 
treatment  would  keep  it  in  position. 

Various  Tendons  at  the  Wrist  have  been  displaced.  They  are  usuaUy 
replaced  without  difficulty  by  the  means  above  described.  The  parts  must  be 
kept  fixed  for  about  two  weeks,  by  means  of  sphnts  and  properly  arranged 
pads. 

The  Small  Muscles  of  the  Back,  or  of  the  back  of  the  neck,  are 
occasionally  displaced.  Replacement  can  best  be  effected  by  firm  pressure 
over  the  painful  spot,  while  the  patient  carries  out  the  movement  that  gives 
him  pain. 

The  Tendon  of  the  Peroneus  Longus  may  slip  out  of  its  sheath  behind 
the  outer  ankle,  Avhich  is  torn  in  some  violent  twist  of  the  foot  inwards.  The 
accident  is  liable  to  recur,  and  is  often  a  source  of  much  discomfort  and 
temporary  lameness.  The  treatment  consists  in  the  first  instance  of  absolute 
fixation  of  the  foot  for  some  weeks  in  plaster  bandages  or  splints,  to  give  time 
ibr  the  sheath  to  consolidate.  To  prevent  recurrence,  a  spring  clip  should  be 
worn,  so  as  to  press  the  tendon  against  the  fibula. 

Rupture  and  Division.— Subcutaneous  rupture-  of  muscles  and  tendons 
not  unfrequently  occurs,  not  so  much  from  any  external  violence,  as  from  the 
contraction  of  the  muscle  rupturing  its  own  substance.  The  rupture  may 
occur  at  one  of  four  points  :  in  the  muscular  substance  itself  ;  at  the  line  of 
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jnncfcion  between  the  muscle  and  the  tendon  ;  throuf^h  the  tendon  ;  and,  lastly, 
sit  the  point  of  inscrtii)n  of  the  muscle  or  tendon  into  bono.  Sedillot  found  that, 
in  21  eases,  the  rupture  occurred  at  the  point  of  origin  of  the  tendon  from  tlie 
muscle  13  times  ;  and  in  the  remaining-  H,  the  muscle  itself  was  torn. 

These  ruptures  most .  commonly  occur  in  middle-aged  or  elderly  men,  who 
have  lost  the  elasticity  of  youth,  though  their  physical  strength  is  unimpaired. 
At  the  moment  of  rupture,  the  patient  usually  experiences  a  sudden  shock, 
as  if  he  had  received  a  blow,  and  sometimes  hears  a  snap.  He  becomes  unable 
to  use  the  injured  limb,  and  at  the  part  where  the  rupture  has  occurred  he 
finds  a  hollow  or  pit,  produced  by  the  retraction  of  the  ends  of  the  torn 
muscle,  the  belly  of  which  contracts  into  a  hard  lump. 

These  accidents,  though  troublesome,  are  seldom  serious.  The.  tendo 
Achillis,  the  quadriceps  extensor  of  the  thigh,  the  triceps  of  the' aim,  the 
biceps,  the  deltoid,  the  rectus  abdominis,  arc  the  tendons  and  muscles  that 
most  commonly  give  way,  the  relatiA'e  frequency  being  indicated  hj  the  order 
in  which  they  are  here  placed. 

Muscles  and  tendons  may  be  cut  across  accidentally  or  purposely  in  almost 
any  part  of  the  body.  In  these  injuries  there  is  always  a  considerable  amount 
of  gaping  .of  the  wound,  owing  to  the  retraction  of  both  ends,  if  a  muscle  be 
divided,  and  of  the  muscular  end  only,  if  a  muscle  be  separated  from  its  tendon 
or  tlie  tendon  cut  across. 

Union. — The  mode  of  miio'n  of  these  injuries  has  been  well  described  by 
Paget.  When  a  tendon  is  cut  across,  the  space  between  the  ends  is  imme- 
diately filled  by  a  blood-clot.  Exudation  rapidly  follows  froni  the  vascular 
sheath  and  areolar  tissue  in  the  neighbom'hood  ;  the  clot  is  penetrated  by  the 
wandering  cells,  and  is  soon  decolorized  and  absorbed,  till  on  the  thii-d  day 
its  place  is  occupied  by  a  soft  greyish-pink  mass,  extending  also  into  the  sheath 
and  surrounding  the  cut  ends  of  the  tendon.  This  mass  will  be  found  to  be 
composed  of  small  round  cells,  with  a  homogeneous  intercellular  substance, 
mixed  with  which  may  here  and  there  be  seen  some  remains  of  the  blood-clot. 
New  vessels  penetrate  it  from  Avithout,  and  jt  afterwards  undergoes  the  ordinary 
changes  observed  in  the'  develoj)ment  of  granulation-tissue  into  fibrous  tissue. 
By  experiments  upon  animals,  Paget  showed  that  by  about  the  fourth  or  fifth 
day  the  bond  of  union  has  become  more  defined  in  outline,  and  forms  a  distinct 
cbrd-like  mass  between  the  ends  of  the  tendon,  and  the  microscope  shows  that 
the  cells  have  lengthened  out  and  become  spindle-shaped,  so  that  the  tissue 
appears  fibrillated  ;  in  the  course  of  two  or  three  more,  days  it  becomes  tough 
and  filamentous  ;  after  this  the  tissue  gradually  perfects  itself,  until  it  closely 
resembles  normal  tendon,  though  for  some  time  it  remains  dull  white  and 
more  cicatricial  in  appearance.  The  strength  of  this  bond  of  union  is  mar- 
vellously great ;  Paget  found  that  the  tendo  Achillis  of  a  rabbit,  six  days  after 
its  division,  required  a  weight  of  20  lbs.  to  rupture  it.  In  ten  days  the  break- 
ing weight  was  50  lbs.  Divided  muscles  unite  in  the  same  way  as  tendons 
but  less  quickly,  and  by  a  fibrous  cicatrix  ;  AVeber,  Ous.senbauer  and  othcre 
have,  however,  recorded  observations  which  tend  to  show  that  under  favour- 
able conditions,  gradual  regeneration  of  nmscular  tissue  may  take  place  in 
the  scar. 

Treatment. — The  ])rinciple  of  treatment  in  these  cases  when  the  injury  is 
subcutaneous  is  extremely  simple  :  it  consists  in  relaxing  the  muscles  by 
position,  so  as  to  approximate  the  divided  ends  :  and  in  maintaining  the  limb 
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in  this  position  for  a  sufficient  length  of  time  for  proper  union  to  take  place. 
If  muscular  relaxation  be  not  attended  to,  the  uniting  bond  will  be  elongated 
and  weak,-  and  perhaps  altogether  inefficient.  Stiffness  and  weakness  are  often 
left  for  a'  length  of  time— for  many  months,  indeed— after  union  has  taken 
place  :  very  commonly,^  owing  to  the  adhesion  of  the  divided  tendon  to  its 
sheatli,  and -of  this  to  the  neighbouring  soft  structures.  Warm  sea-water 
douches,  followed  l)v  methodical  fi-iction,  will  greatly  tend  to  restore  the 
suppleness  of  the  parts.  If  the  stiffness  does  not  readily  yield  to  milder  treat- 
ment, the  adhesions  must  be  broken  down  by  forcible  movement  of  the  part 
under  an  anaasthetic.  By  the  end  of  one  month  after  the  injury,  there  will  be 
no  fear  of  tearing  through  the  bond  of  union  while  so  doing. 

Tendons  or  muscles  divided  in  an  open  wound  must  be  treated  by  immediate 
suture.    Either  chromic  catgut  or  antiseptic  silk  sutures  may  be  used,  the 
former  being  pi'eferable  ;  the  wound  should  be  closed  over  them,  the  hriil) 
placed  in  such  a  position  as  to  relax  the  tendon,  and 
every  effort:  toade- to  obtain  union  by  the  first  intention. 
If  suppuration  takes  place  between  the  ends  of  a  divided 
tendou,  the  bond  of  union,  if  any  is  developed,  is  almost 
always  imperfect,  and  the  divided  ends  form  the  most 
hopelessly  firm  adhesions  to  the  surrounding  parts. 
Should  septic  pus  form  in  the  wound,  there  is  great  risk 
of  its  burrowing  widely  in  the  sheath,  or  in  the  loose 
areolar  tissue  surrounding  the.  divided  tendon,  an  acci- 
dent which  may  be  followed  by  sloughing  of  the  tendon, 
or  which,  if  that  be  avoided,  must  necessarily  lead  to  the 
formation 'of  extensive  and  dense  adhesions. 

Ik  Juries  of  Special  Muscles  and  Tendons.- 
When  the  teudo  Achillis  is  ruptured,  the  best  mode  of 
treatment  consists  in  the  application  of  an  apparatus 
formed  of  a  dog-collar  placed  round  the  thigh  above  the 
knee,  from  which  a  cord  is  attached  to  a  loop  in  the  back  of  a  slipper  ;  by 
shortening  this  cord,  the  leg  is  bent  on  the  thigh,  and  the  foot  extended,  so 
that  the  muscles  of  the  calf  become  completely  relaxed ,  (Fig.  1G9).  After 
this  simple  apparatus  has  been  used  for  two  or  three  weeks  the  patient  may 
be  allowed  to  go  about,  wearing  a  high-heeled  shoe  for  some  weeks  longer.  _ 

Partial  Rupture  of  the  Muscles  of  the  Calf.— This  injury  has  received 
the  name  of  Laivn  Tcmvis  Leg,  from  the  frequency  with  which  it  occurs 
iimongst  middle-aged  gentlemen  during  that  game.  It  consists  of  a  rupture 
of  some  of  the  fibres  of  the  gastrocnemius,  usually  near  their  attachment  to 
the  tendon.  The  patient  feels  a  sudden  pain  like  a  smart  blow,  and  finds  he 
cannot  use  his  leg.  Sometimes  a  small  sulcus  may  be  felt  at  the  seat  of  the 
rupture.  On  the  fohowing  day  the  calf  is  more  or  less  discoloured  by  extrava- 
satcd  blood.  The  treatment  recoimnended  by  Wharton  Hood  is  to  elevate  the 
limb  for  a  few  minutes,  and  then  to  strap  the  leg  in  the  same  way  as  for  a 
clironic  ulcer.  The  strapping  must  not  be  too  tightly  applied  at  first.  On 
the  third  day  it  may  be  removed  and  re-applied  more  firmly,  aud^this  must 
l)e  repeated  at  intervals  of  two  or  three  days  for  about  two  weeks.  The  patient 
may  move  alxjut  during  the  treatment,  but  must  avoid  violent  exercise. 

The  Quadriceps  Extensor  of  the  Thigh  may  he  torn  away  from  the 
insertion  into  the  patella,  or  the  tendon  of  the  rectus  may  be  ruptured  about 
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an  inch  above  this.  Such  an  accident  occurs  in  the  same  way  that  a  patella 
is  broken  across,  namely,  by  a  violent  muscular  effort  to  prevent  falling  whilst 
the  knee  is  semi-flexed.  Under  these  circumstances  one  of  thi-ee  things  will 
happen  ;  the  tendon  of  the  rectus,  the  patella,  or  the  ligamentum  patellar,  Avill 
give  way.  Most  commonly  the  patella  is  broken  across  ;  next  the  tendon 
gives  way,  and  least  frequently  the  ligament.  When  the  tendon  gives  way 
the  patient  falls  on  the  ground,  is  unable  to  raise  or  stand  on  the  injured 
limb,  and  a  distinct  gap  occasioned  by  the  retraction  of  the  muscle  can  be  felt 
above  the  patella  between  the  fleshy  masses  of  the  ^-asti,  which  are  very  rarely 
torn.  The  accident  is  usually  followed  by  some  swelling  of  the  joint.  '  Owing 
to  the  distance  to  which  the  upper  end  of  the  torn  tendon  is  retracted,  union 
may  fail  to  take  place,  but  even  if  this  does  occur,  the  attachments  of  the 
vasti  remaining  intact,  the  patient  suffers  but  little  inconvenience. 

The  ligamentum  patellEe  is  rarely  ruptured,  and  in  many  apparent  ca.ses  of 
this  kind  a  more  careful  examination  shows  that  a  small  fragment  of  the 
patella  remains  attached  to  the  ligament,  and  that  the  injury  is  in  reahty  a 
fracture  of  the  pateUa.  In  many  recorded  cases  the  ruptured  ligament  fails 
to  unite,  a  wide  gap  being  left,  and  the  utility  of  the  limb  is  seriously  im- 
paired. 

The  Treatment  both  of  rupture  of  the  tendon  and  of  the  ligament  is  the 
same  as  that  of  fractured  patella,  viz.,  elevation  of  the  limb,  supported  on  a  back 
splint  in  the  extended  position  at  an  angle  of  about  135°  with  the  body.  This 
must  be  continued  for  several  weeks,  when  the  patient  may  be  allowed  to  get 
about  with  the  joint  protected  by  a  knee-cap.  In  three  or  four  cases  of  this 
accident  which  I  have  seen,  somewhat  troublesome  stiflPness  of  the  parts  has 
long  been  left.  If  the  ruptured  ligamentum  patellEe  fails  to  unite  and  a  use- 
less limb  is  left,  the  two  ends  may  be  exposed  by  a  longitudinal  incision,  and 
sutured  together  after  having  been  freshened.  Sands,  of  New  York,  has  suc- 
cessfully performed  this  operation  in  a  case  which  came  under  his  care  eight 
months  after  the  accident.  He  used  silver  sutures,  which  were  left  in  the 
wound.  The  ends  of  the  ruptured  ligament  could  only  be  brought  together 
after  several  transverse  incisions  had  been  made  subcutaneously  in  the  quadri- 
ceps above  the  knee. 

Rider's  Sprain  may  occur  in  two  situations — in  the  adductors,  and  in  the 
internal  rotators  of  the  femur.  It  is  more  commonly  met  with  in  the 
adductors.  It  consists  in  a  laceration  of  some  of  the  muscular  fibres  or  of  the 
fascia  covering  the  muscles.  It  is  due  to  a  violent  or  spasmodic  contraction 
of  these  muscles  when  the  rider  is  in  danger  of  losing  his  seat.  The  pain  is 
very  great.  The  grip  is  lost,  and  the  sufferer  is  unable  to  ride.  When 
the  internal  rotators,  or  some  of  the  capsular  muscles  of  the  hip-joint  are 
the  seats  of  the  sprain,  the  pain  and  disability  are  referred  to  the  back  of  the 
trochanter. 

The  treatment  consists  in  rest,  and  the  use  of  a  spica  strap  or  bandage,  wutli 
a  pad  over  the  injured  muscle,  so  as  to  compress  it  and  control  its  action. 

Laceration  of  the  Rectus  Abdominis  Muscle  may  occur  in  the  efforts 
of  childbirth,  or  from  blows  upon  the  abdominal  wall ;  a  ventral  hernia  being 
the  consequence.  Guthrie  relates  several  remarkable  cases  occurring  in 
military  practice,  of  progressive  atrophy  of  a  part  of  the  muscular  wall  of  the 
abdomen  following  blows. 

In  Rupture  of  the  Muscles  or  Tendons  of  the  Arms  or  Shoulder 
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support  in  a  sliug  is  all  the  special  treatment  needed.  When  the  muscles 
about  the  shoulder  are  the  seat  of  injuiy,  rapid 


atrophy  is  apt  to  ensue,  probably  owing  to  the 
implication  of  the  circumflex  and  suprascapular 
nerves,  and  consequent  interference  with  the  nutri- 
tion of  the  part.  Fig,  170  is  a  good  illustration  of 
the  remote  effects  of  such  a  strain  of  the  capsular 
muscles  of  the  shoulder-joint.  In  this  case  the 
accident  arose  from  severe  dragging  upon  the  arm 
by  the  reins  of  a  runaway  horse. 

In  division  of  the  Extensor  Tendons  of  the 
Pingers — a  very  common  accident — the  tendons 
should,  if  possible,  be  united  with  catgut  or  tendon 
sutures,  and  the  hand  must  be  kept  extended  on  a 
straight  splint  for  three  weeks,  until  perfect  union 
has  taken  place. 

The  Plexor  Tendons  of  the  fingers  may  also 


be  divided.    In  these  cases  the  phalanges  cannot   r.-   -.-n        i     ^  r. 

r  t:^  iij;  170. — Atrophy  of  Ca] 

be  bent,  the  fingers  stretching  out  straight.    The         Musuies  of  simuiiier. 

tendons,  if  possible,  should  be  sutured,  after  which 

the  finger  must  be  fully  flexed  and  retained  in  that  position. 
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INJUIUES  OF  BONES  AXI)  JOIXTS. 


,  INJURIE,§    OP  BONES. 

A  BONE  may  be  bruised,  bent,  cut,  or  fractured. 

Bruising  of  the  Bone  and  Periosteum  often  occurs,  and  is  usually  of 
no  great  moment.  A  moderate  contusion,  however,  of  a  bone  that  is  but 
thinly  covered,  as  the  shin  or  elbow,  may  give  rise  to  troublesome  symptoms 
from  inflammation  of  the,  periosteum.  This  is  especially  apt  to  occur  in 
gouty  subjects.  If  the  contusion  be  severe,  the  vitality  of  a  layer  of  the 
bone,  may  be  destroyed,  as  happens  sometimes  from  the  graze  or  contusion 
of  a  bullet ;  or  the  bone  may  become  deeply  inflamed,  and  suppuration  take 
place  in  its  cancellous  istructui'e,  ;  In  old  people,  the  contusion  of  a  bone  is 
frequently  followed  by  atrophy  and  shortening,  as  happens  in  the  neck  of  the 
femur  ;  in  strumous  constitutions,  it  may  lead  to  serious  disease  of  the  bone, 
ending  in  its  complete  disorganization. 

In  the  Treaimmt  of  bruised  bone,  immediate  relief  may  be  afforded  by 
leeches,  fomentations,  or  the  application  of  warm  lead  .and  opium  lotion.  At 
a  later  period,  and  more  especially  if  the  pain  be  severe  at  night,  iodide  of 
potassium  may  be  useful.  In  gouty  subjects  colchicum  with  salines  will 
usually  give  relief.  There  is  a  very  troublesome  condition  following  a  graze 
of  the  shin,  with  bruise  of  the  periosteum  and  tibia,  in  which  the  sHght 
abrasion  does  not  heal  readily,  and  the  periosteum  becomes  thickened  and 
pulpy.  In  these  cases,  rest  of  the  limb,  the  application  of  lead  lotion,  the 
support  of  a  bandage,  and  the  administration  of  the  iodide  with  bark  will  be 
found  to  afibrd  great  relief.  The  consequences  of  bruise  will  be  considered 
when  Ave  come  to  speak  of  necrosis. 

Bending  of  Bone  may  occur  in  two  conditions,  viz.:  without  or  with 
fracture.  Bending  without  fracture  is  most  commonly  met  with  in  very 
young  subjects,  before  the  completion  of  ossiflcation.  It  occasionally  takes 
place  in  adult  life,  but  is  then  the  result  of  some  structural  change,  by  which 
the  natural  firmness  of  the  osseous  tissue  is  diminished.  The  bending  most 
commonly  occurs  in  the  long  or  slender  bones,  especially  the  clavicle,  the 
radius  and  the  femur,  but  sometimes  is  met  with  in  the  flat  bones,  or  those 
of  the  skull,  in  which  depression  takes  place  from  a  blow  without  fracture 
having  occurred.  In  many  cases  of  bending  both  of  long  and  of  flat  bones, 
there  is  ])artial  fracture  on  the  convex  side— the  "  green-stick  fracture  "  (see 
page  520). 

The  Trcalmmt  is  simple  :  the  Surgeon  gradually  straightens  the  bone,  by 
applying  a  splint  on  its  concave  side,  towards  which  the  bone  is  pressed  by  a 
bandage  and  a  pad  applied  upon  its  greatest  convexity. 

Fractures  will  be  descrilied  in  the  following  two  chapters. 
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Contusions. — Joints  are  often  conkised  by  kicks,  falls,  or  bloM's,  so  as  to  be 
severely  injured,  giving  rise  to  much  pain,  and  consecutive  inflammation  of 
the  capsule,  synovial  membrane,  or  other  structures  entering  into  their  forma- 
tion. As  a  result  of  contusion  the  joint  may  be  suddenly  distended  with 
blood,  haemarthrosis.  The  blood  so  effused,  mixed  as  it  always  is  with  much 
synovia,  undergoes  absorption  after  a  time,  without  leading  to  any  incon- 
venience. 

The  Treatment  should  consist  of  the  application  of  a  splint  to  ensure 
complete  rest.  An  evaporating  lotion  or  an  ice-bag  may  be  applied  over  the 
joint.  Should  the  amount  of  effusion  be  very  considerable  the  tension  of  the 
joint  and  the  consequent  pain  may  be  at  once  relieved  by  removing  the 
effused  blood  by  means  of  the  aspirator.  The  needle  must  be  washed  through 
several  times  with  a  1  in  20  solution  of  carbolic  acid  before  being  inserted,  and 
care  must  be  taken  to  keep  it  perfectly  steady  while  it  is  hi  the  joint. 

In  some  cases  a  bursa,  situated  in  the  neighbourhood  of  a  joint,  is 
seriously  bruised,  and  becomes  inflamed  :  in  consequence  of  which  suppuration 
may  follow.  "When  this  takes  place,  free  incision  into  the  inflamed  part,  with 
antiseptic  treatment,  will  afford  speedy  and  effectual  relief. 

Spkains. — When  a  joint  is  twisted  violently  so  that  its  ligaments  are  either 
much  stretched  or  partially  torn  across,  though  there  be  no  displacenient  of 
the  osseous  surfaces,  it  is  said  to  be  sprained.  These  injuries  are  exceedingly 
painful  and  troublesome  in 'their  consequences.  They  most  frequently 
occur  at  the  wrist,  knee,  and  ankle.  The  pain  is  very  severe,  and  often 
sickening.  Its  intensity  is  very  remarkable  when  we  reflect  on  the  low.  degree 
of  sensibility  possessed  by  ligaments  in  the  normal  state.  They  may  be  cut 
without  pain,  but  if  stretched  in  a  longitudinal  direction  or  twisted,  pain  of 
the  most  intense  character  is  at  once  set  up — a  wise  provision  of  Nature 
guarding  against  articular  displacements.  At  the  time  of  the  sprain  a  certain 
amount  of  blood  is  effused  into  the  articular  cavity  and  the  surrounding 
tissues,  in  consequence  of  which  the  limb  in  a  few  days  becomes  discoloured 
for  some  distance  above  and  below  the  joint.  The  sprain  is  rapidly  followed 
by  swelling  and  inflammation  of  the  joint  and  investing  tissues,  often  veiy 
ciironic  and  tedious.  As  the  inflammation  subsides,  stiffness  and  pain  in  using 
the  part  continue  for  a  considerable  length  of  time,  and  are  in  some  cases 
followed  by  a  kind  of  rigidity  and  wasting  of  the  limb.  In  individuals  of  a 
rheumatic  or  gouty  habit  of  body,  the  inflammation  of  the  joint  consequent  on 
the  sprain  is  often  most  tedious  and  chronic,  and  will  yield  only  to  appropriate 
constitutional  treatment.  In  strumous  subjects,  destructive  disease  of  the 
joint  may  ultimately  be  induced. 

Treatment.— If  the  sprain  be  slight,  rubbing  the  part  with  a  stimulating 
embrocation,  and  giving  it  the  support  of  strapping  or  a  bandage,  are  all  that 
need  be  done.  But  if  it  be  at  afl  severe,  more  active  measures  must  be  had 
recourse  to.  These  must  vary  according  to  the  condition  of  the  joint  when 
the  Snrgeon  sees  the  patient ;  but  they  are  all  c6nducted  on  the  principle  of 
securing  perfect  rest,  and  subduing  inflammation.  In  the  vast  majority  of 
these  injuries  all  that  is  necessary  is  to  keep  the  part  at  rest  for  two  weeks. 
The  amount  of  discoloration  that  often  follows  a  sprain  is  sufflcient  evidence 
of  the  extent  of  the  laceration  of  the  ligaments  that  has  taken  place..    For  the 
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repair  of  this,  rest  is  as  necessary  as  for  the  healing  of  an  open  wound  or  the 
iinion  of  a  broken  bone.  As  a  rule,  however,  unless  the  Surgeon  makes  it 
impossible,  the  patient,  finding  that  he  can  still  use  the  joint,  although  with 
some  pain,  continues  to  do  so.  This  is  the  reason  that  sprains  are  so  often 
tedious  in  the  cure,  and  so  frequently  leave  weakness  or  stiffness  behind.  If 
the  Surgeon  therefore  see  the  patient  immediately  on  the  occurrence  of  the 
iiccident,  or  before  much  swelling  has  set  in,  the  best  plan  is  to  envelop  the 
joint  either  in  a  flannel  bandage  or  in  a  thick  layer  of  cotton-wool,  over  which 
a  plaster-of-Paris,  silicate  of  soda,  or  starched  bandage  is  to  be  applied.  The 
rigid  case  should  be  kept  on  for  two  weeks,  at  the  end  of  Avhich  time  the 
patient  may  cautiously  use  the  joint.  This  method  of  treatment,  which  com- 
prises rest,  perfect  immobility,  and  compression  of  the  joint,  puts  it  into  the 
best  possible  condition  for  the  repair  of  the  injured  articular  structures,  and 
for  the  prevention  of  consecutive  inflammation.  Another  plan  of  treatment 
is  to  strap  up  the  joint  very  firmly  with  long  strips  of  soap-plaster,  but  this  is 
not  so  efficient  a  means  of  procuring  rest.  Should  the  patient  not  have  been 
resting  the  joint,  and  should  inflammation  with  much  swelling  have  set  in,  in 
most  cases  the  best  treatment  will  be  the  application  of  a  starched  bandage,  since 
a  plaster-of-Paris  apparatus  is  apt  to  become  loose  when  the  swelling  subsides, 
and  it  cannot  be  opened  and  refilled  with  cotton-wool  as  the  starched  bandage 
can.  Should  the  inflammation  be  too  acute  for  the  immediate  application  of 
a  rigid  apparatus,  the  joint  may  be  put  on  a  pillow  and  covered  with  a  piece 
•of  linen  rag,  well  moistened  with  an  evaporating  lotion  or  kept  wet  by  means 
of  irrigation,  or  covered  with  ice-bags.  Should  this  not  check  the  inflamma- 
tion, leeches  may  be  freely  applied  ;  and,  when  the  swelling  has  somewhat 
subsided,  the  joint  should  be  supported  with  an  elastic  roller  and,  plasters,  a 
plaster  or  starched  bandage,  or  leather  splints.  In  the  more  advanced  stages, 
when  pain  and  stiffness  alone  are  left,  it  should  be  well  douched  with  cold 
water  twice  a-day,  and  afterwards  rubbed  or  kneaded  with  soap-liniment,  until 
its  usual  strength  and  mobility  are  restored.  This,  however,  very  commonly 
does  not  occur  in  sprains  of  the  knee  and  anlcle  for  many  weeks  ;  a  degree  of 
painful  stiffness  being  left. 

Persistent  Fain  or  Weakness  in  a  joint  after  a  severe  sprain  may  arise 
from  various  causes,  each  of  which  requires  appropriate  treatment.  The 
following  are  the  chief  conditions  requiring  attention: — 

1.  Adhesion  within  the  joint  and  in  the  ncighloiiring  synovial  shmths  conse- 
quent upon  the  inflammation  following  the  sprain.  In  this  condition  the 
swelling  has  completely  subsided,  but  the  movements  of  the  joint  are  limited 
and  any  attempt  forcibly  to  exceed  the  limits  is  accompanied  by  intense  pain 
usually  localized  at  one  spot.  This  form  is  best  treated  by  forcible  movement 
under  an  anEesthetic. 

2.  Imjwrfed  rejxiir  of  the  torn  li(jamcnts  usually  results  from  want  of  rest 
(luring  the  treatment.  There  is  little  or  no  swelling,  and  the  movements  of 
the  joint  are  perfect,  but  there  is  a  sense  of  weakness,  accompanied  by  slight 
]jain  if  any  strain  is  thrown  upon  the  injured  ligament.  This  is  best  treated 
by  fixing  the  joint  for  three  or  four  weeks  in  a  plaster-of-Paris  bandage,  after 
Which  an  elastic  support  may  be  worn  for  some  time. 

3.  The  effusion  may  have  been  im2Jerfcrtly  absorbed. — The  joint  presents  the 
ordinary  appearances  of  chronic  synovitis,  and  must  be  treated  for  that 
condition.    (See  Synovitis.) 
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4.  In  Strumous,  Goutij,  and  Rlmimatk  subjects  the  inflammation  following 
a  sprain  may  assume  the  form  characteristic  of  these  constitutional  conditions, 
and  must  be  treated  accordingly.    (See  Diseases  of  Joints.) 

5.  In  severe  sprains  of  joints,  more  especially  of  the  knee,  ankle,  and 
shoulder,  it  often  happens  that  there  is  a  slight  disptacement  of  the  arlicular 
surfaces.  This  may  happen  at  the  time  of  the  sprain,  being  directly  occasioned 
by  the  violence  that  twists  the  joint,  or  it  may  be  secondary,  coming  on  at  a 
later  period,  ow'ing  to  the  constrained  position  in  which  the  injured  articula- 
tion has  been  kept  for  some  length  of  time.  Any  way,  if  allowed  to  remain, 
it  seriously  interferes  with  the  free  mobility  of  the  joint.  In  order  that 
this  be  maintained,  the  most  accurate  co-aptation  of  the  articular  surfaces, 
is  necessary.  If  there  be  the  very  slightest  deviation  fi'om  the  accuracy 
of  this  "  fit,"  they  become  locked  in  movement,  and  all  motion  becomes, 
painful.  This  is  especially  the  case  in  the  hinge-joints,  as  the  knee  and 
elbow.  In  the  ball  and  socket  joints,  more  especially  in  the  shoulder,  the 
head  of  the  humerus  is  apt  to  be  thrown  very  slightly  forwards  on  to  the- 
edge  of  the  glenoid  cavity,  where  it  becomes  fixed,  all  movements  of  the 
joint  being  exquisitely  painful. 

In  all  these  cases  of  slight  displacement  connected  with  sprains  that  do  not 
amount  to  dislocation,  properly  so  called,  but  where  there  is  only  a  very  shght 
want  of  true  co-aptation  between  the  articular  surfaces,  the  patient  should 
be  put  under  anassthesia,  and  the  joint  "  wrenched,"  so  as  to  replace  the. 
bones  and  restore  freedom  and  ease  of  movement. 

So,  also,  at  a  later  period,  when  after  a  severe  sprain,  a  stiff,  painful,  and 
possibly  slightly  distorted  joint  is  left,  no  time  should  be  lost  in  "wrenching 
it.  By  this  means,  adhesions  at  this  stage  are  broken  dowm,  and  the  proper 
"fit"  of  the  bones  restored.  By  neglecting  this  very  simple  treatment  and 
leaving  the  joint  but  partially  and  only  painfully  mobile  the  Surgeon  is  much 
discredited,  and  the  patient  drifting  into  the  hands  of  the  "  bone-setter,"  has 
his  limb  "  wrenched  "  into  utility  and  ease  by  a  most  simple  manoeuvre. 

Wounds  of  Joints. — A  joint  is  known  to  be  wounded,  when  synovia 
escapes  from  the  aperture  or  when  the  interior  of  the  articulation  is  exposed. 
If  there  be  any  doubt  as  to  the  wound  having  penetrated  the  synovial  mem- 
brane, no  attempt  should  be  made  to  ascertain  this  by  probing,  as  in  this  -way 
the  very  occurrence  that  is  to  be  dreaded  may  be  induced  by  the  Surgeon.. 
If  the  wound  be  of  sufficient  size  a  careful  and  gentle  examination  may  safely 
be  made  with  the  finger.  In  all  doubtful  cases  the  wound  must  be  treated  as 
one  of  the  joint,  and  the  question  whether  it  penetrated  or  not  wall  often  be 
cleared  up  by  the  symptoms  that  supervene. 

Pathology. — In  no  class  of  injuries  are  the  effects  of  the  admission  of  air 
and  of  the  consequent  decomposition  of  the  discharges  more  marked  than  in 
wounds  of  joints.  The  most  extensive  subcutaneous  injuries  of  joints  are 
recovered  from,  as  a  rule,  without  a  serious  symptom.  Thus  a  simple  disloca- 
tion of  a  large  joint,  although  accompanied  by  laceration  of  the  capsule, 
tearing  of  neighbouring  muscles,  and  abundant  extravasation  of  blood,  is 
almost  invariably  recovered  from  with  but  little  pain  or  inflammation,  and 
with  perfect  restoration  of  mobility.  On  the  other  hand  a  small  incised 
wound,  such  as  might  be  made  by  a  stab  with  a  pocket-knife,  may  be 
followed  by  the  most  severe  constitutional  symptoms  and  the  most  acute 
destructive  inflammation  of  the  joint,  or  as  it  is  called.  Traumatic  Arthritis^ 
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The  reason  of  this  is  not  difficult  to  find.  A  joint  consists  in  most  cases  (tj.' 
an  iiTOg'ular  cavity,  capable  of  very  considerable  distension  and  A'cry  difficult 
to  drain  perfectly.  The  effect  of  a  avouiuI  is  to  cause  an  effusion  into  the 
cavity,  first  of  blood  and,  almost  immediately  after,  of  synovia,  mixed  with 
serous  exudation  from  the  vessels  of  the  synovial  membrane.  The  conse- 
quence is  that  the  whole  cavity  becomes  more  or  less  tensely  distended, 
according  to  the  amount  of  drainage  allowed  by  the  wound,  with  putrescible 
matter,  and  this  is  brought  ijito  direct  contact  with  the  air  by  means  of  the 
external  opening.  The  causes  of  decomposition  thus  being  admitted,  in  the 
great  majority  of  cases  putrefaction  follows,  and  the  whole  synovial  membrane 
and  the  surfaces  of  the  cartilages  become  bathed  in  septic  fluid.  As  the 
result  of  this  the  most  acute  inflammation  is  set  up,  rapidly  reaching  the 
stage  of  suppuration.  This  soon  extends  to  the  ligaments,  which  become 
softened  and  yield,  allowing  the  articular  surfaces  to  become  displaced  ;  at 
the  same  time  abscesses  form  'outside  the  joint,  either  from  perforation  of 
the  capsule  or  by  extension  of  the  inflammation  through  it ;  these  may 
burrow  widely  beneath  the  muscles  smTounding  the  joint.  Within  the  joint 
the  cartilages  perish,  in  consequence  of  the  irritation  to  which  they  are 
exposed  ;  they  become  loosened  from  the  subjacent  bone,  and  by  a  process 
rather  of  maceration  and  friction  than  of  true  ulceration  they  become  worn 
away  at  those  points  at  which  the  articular  surfa,ces  have  been  most  continu- 
ously in  contact ;  the  bone  beneath  is  thus  exposed,  and  from  the  combined 
irritation  of  the  j)ressure  of  the  opposed  surfaces,  a  certain  amount  of 
friction,  and  the  contact  of  the  septic  discharges,  ulceration  spreads  rapidly 
into  it.  Thus  the  whole  articulation  becomes  completely  disorganized.  This 
process  is  necessarily  accompanied  by  very  high  fever.  There  is  no  surface 
in  the  body  from  which  absorption  can  take  place  more  rapidly  than  from  the 
synovial  membrane  of  a  joint  ;  as  soon,  therefore,  as  it  becomes  bathed  in 
septic  matter  severe  septic  fever  is  developed;  the  intensity  of  the  fever 
corresponding  with  the  size  of  the  joint  and  the  extent  of  sm-face  from  which 
<ibsorption  is  taking  place.  When  the  interior  of  the  joint  becomes  covered 
by  granulation-tissue,  which  presents  a  more  or  less  efficient  barrier  to  further 
absorption — that  is  to  say,  by  about  the  eighth  or  tenth  day — the  fever 
subsides.  Before  this,  however,  the  patient  may  perish  from  septic  poisoning, 
or  the  case  may  become  complicated  by  some  infective  process,  as  septicsemia 
or  pyaemia.  The  serious  consequences,  therefore,  that  follow  wounds  of  joints 
may  be  traced  entirely  to  the  following  causes  :  the  accumulation  of  blood 
and  serous  efftision  in  the  cavity  of  the  joint,  and  the  decomposition  of  the 
discharges,  aggravated  in  some  cases  by  want  of  rest  and  by  the  unhealthy 
constitutional  condition  of  the  patient  and  the  bad  hygienic  surroundings  in 
which  he  may  be  placed. 

There  are  tv/o  ways,  however,  in  which,  without  any  special  treatment,  u 
wounded  joint  may  escape  the  destructive  processes  above  described  :  first,  if 
the  wound  being  very  small  and  the  instrument  inflicting  it  perfectly  clean, 
union  of  the  external  opening  may  take  place  by  the  first  intention,  and  the 
after-progress  of  the  case  may  be  the  same  as  in  a  subcutaneous  injury  : 
secondly,  if  the  wound  be  very  large,  so  as  to  give  perfect  drainage  to  the 
cavity  and  thus  to  prevent  the  retention  within  it  of  decomposal)]e  matter, 
recovery  may  take  place  with  compai-atively  little  local  inflammation  or  con- 
stitutional disturbance.    It  is  a  medium-sized  wound,  one  too  large  or  too 
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contused  to  heal  by  the  first  intention  and  too  small  efRcientlj  to  drain  the 
joint  that  is  the  most  dangerous.  Of  all  wounds  of  joints,  those  made  hy  gun- 
shot are  necessarily  the  worst.  In  these,  the  aperture  can  rarely  be  closed  and 
united  by  the  first  intention  ;  and  the  track  of  the  ball  must  almost  inevitably 
suppurate.  The  bones  are  also  usually  splintered,  and  foreign  bodies  of 
various  kiuds  are  introduced  into  the  articulation,  hence  the  most  extensive 
and  fatal  mischief  commonly  ensues. 

In  a  case  of  traumatic  arthritis,  if  we  have  the  opportunity  of  examining  the 
joint,  the  appearances  will  vary  with  the  time  after  the  infliction  of  the 
injury.  At  the  end  of  from  twenty-four  to  forty-eight  hours  the  synovial 
membrane  will  be  found  intensely  red  and  injected,  its  surface  lustreless, 
its  fringes  swollen  ;  and  the  cavity  Avill  contain  a  quantity  of  turbid  fluid  still 
retaining  some  of  the  characters  of  synovia,  but  thinner  than  natural,  in 
which  microscopic  examination  would  probably  reveal  the  presence  of  micro- 
organisms. Later  on,  at  the  end  of  a  week  or  ten  days,  the  synovial  mem- 
brane will  have  lost  its  characteristic  appearance,  being  concealed  by 
granulation-tissue,  the  surface  of  which  is  entirely  or  in  part  covered  by  a 
±hin  grey  sloughing  layer.  The  cartilages  have  lost  their  natural  lustre  and 
■smoothness,  their  surfaces  are  yellowish  in  colour,  and  partial  erosion  will 
have  commenced  at  the  points  at  which  the  opposing  articular  surfaces  have 
been  in  contact.  The  ligaments  are  swollen  and  softened,  and  the  tissues 
surrounding  the  joint  oedematous  and  infiltrated  with  inflammatory  products. 
Such  fluid  as  the  joint  contains  will  be  thick  pus.  In  the  more  advanced 
stages  of  the  disease,  when  the  joint  has  been  suppurating  perhaps  for  many 
,w&eks  or  even  months,  it  will  be  fouuc).,  that  it  is  difficult  to  recognize  the 
synovial  membrane,  ligaments  and  capsule,  all  being  lost  in  the  mass  of 
inflammatory  products  infiltrating  their  structures,  giving  them  a  uniform 
semi-transparent  appearance.  The  cartilages  are  perforated  in  their  central 
parts  ;  at  the  circumference  they  have  almost  the  appearance  and  feel  of  wet 
leather.  The  bones  are  exposed  and  ,are  ulcerating  superficially,  the  surface 
being  rough  and  of  a  dark-red  colour.  Occasionally  in  the  latest  stages,  if 
tolerable  rest  has  been  kept  up  in  the  treatment,  granulations  may  haye 
sprung  up  from  the  bony  surfaces  and  have  coalesced,  and  there  may  be  some 
actual  osseous  union  of  the  opposed  surfaces.  If  recovery  does  take  place  in 
such  a  case  it  is  effected  by  complete  bony  union  between  the  opposing 
surfaces  and  gi'adual  absorption  of  the  inflammatory  products  and  develop- 
ment of  dense  cicatricial  tissue  around  the  site  of  the  joint.  Microscopic: 
examination  shows  nothing  but  the  ordinary  signs  of  inflannnation  in  the 
various  structures  entering  into  the  composition  of  the  joint. 

Symptoms  and  Effects. — The  severity  of  the  wound  of  a  joint  depends 
•chiefly  on  the  size  of  the  articulation  and  the  nature  of  the  wound,  but  is  also 
materially  influenced  by  the  age  and  health  of  the  patient.  Small  sub- 
cutaneous wounds,  such  as  are  inflicted  for  the  removal  of  loose  cartilages, 
may  usually  be  made  with  pei'fect  safety,  if  proper  antiseptic  precautions  be 
taken  and  the  instruments  be  perfectly  clean.  But  with  joints  laid  open  as 
the  result  of  accidents,  everything  depends  on  the  prevention  of  traumatic 
arthritis  by  the  establishment  of  good  drainage,  and  the  exclusion  of  the 
■causes  of  decomposition.  This  latter .  conditiim  may  be  difficult  from  the 
presence  of  dirt  or  foreign  bodies  in  the  cavity  of  the  joijit. 

It  is  especially  in  adults  that  unfavourable  results  ensue ;  in  children  exten- 
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sive  injuries  of  large  joints  may  heal  favourably  ;  though  if  the  child  be  of  a 
strumous  habit,  chronic  destructive  inflammation  is  apt  to  be  set  up. 

If  the  patient  escapes  the  dangers  of  scplic  arthritis  and  the  wound  unites 
by  the  first  intention,  there  is  usually  some  effusion  into  its  cavity,  with  heat 
and  pain,  which  subside  in  a  few  days,  leaving  the  articulation  weak,  tender, 
and  stiff  for  some  considerable  time.  This  period  of  swelling  is  one  of  con- 
siderable anxiety  to  the  Surgeon,  but  if  by  the  third  day  the  symptoms  begin 
to  subside,  and  especially  if  there  be  no  marked  rise  of  temperature,  he  may 
confidently  look  forward  to  a  speedy  recovery.  Should  septic  arthritis  super- 
vene, the  joint  within  a  few  hours  of  the  infliction  of  the  injury,  swells, 
becomes  hot  and  painful,  and  throbs.  The  pain  steadily  increases,  becoming 
tensive  and  excessively  severe.  If  the  aperture  be  large,  synovia  freely  escapes, 
wliich  soon  becomes  mixed  with  inflammatory  products.  If  it  be  small,  little 
more  than  a  puncture,  the  joint  swells  and  fills  with  pus,  which  will  either 
escape  through  the  original  wound  or  find  an  outlet  for  itself,  bursting 
through  the  capsule  and  burrowing  widely  beneath  the  fascia  of  the  limb 
before  reaching  the  surface.  The  swelling  at  first  assumes  the  outline  of  the 
synovial  membrane,  but  as  soon  as  the  inflammation  has  extended  to  the  liga- 
ments it  becomes  globular  or  oval.  The  skin  over  the  joint  becomes  red  and 
oedematous.  The  limb  is  instinctively  placed  in  a  position  of  semiflexion.  There 
are  startings  in  the  limb,  worse  at  night,  waking  the  patient  should  he  fall  asleep. 
The  pain  becomes  agonizing  should  the  joint  be  moved  in  the  slightest  degree. 
The  constitutional  disturbance  becomes  very  severe,  the  temperature  often 
rising  as  high  as  105°  Fahr.  The  pulse  is  rapid  and  bounding,  the  tongue 
dry,  the  face  flushed,  and  there  is  frequently  delirium  at  night.  The  patient 
may  perish  at  this  stage  from  the  intensity  of  the  septic  fever.  In  other  cases 
he  may  be  early  attacked  by  septicemia  or  pytemia. 

If  the  patient  survive  this  acute  period,  abscesses  form  around  the  articula- 
tion, and  the  discharge  from  these,  as  well  as  from  the  joint,  with  the  chronic 
poisoning  from  absorption  of  the  products  of  putrefaction,  may  gradually  prove 
fatal  by  exhaustion.  Should  this  danger  be  passed  through  and  the  patient 
eventually  survive,  it  will  be  with  an  ankylosed  limb,  the  utility  of  which  is 
greatly  impau-ed. 

Treatment  of  Wounded  Joints. — The  first  point  to  be  determined  must 
be  whether  amputation  or  resection  should  be  performed,  or  an  attempt  made 
to  save  the  injured  joint.  If  the  joint  have  been  extensively  laid  open,  with 
much  contusion  and  laceration,  complicated,  perhaps,  with  dislocation,  or  with 
fracture  and  splintering  of  the  bones,  no  attempt  to  save  the  joint  is  hkely  to 
succeed.  In  these  unfavourable  circumstances,  however,  in  the  upper  extre- 
mity, and  even  in  the  ankle,  the  limb  may  not  unfrequently  be  preserved.  If 
the  bones  be  comminuted,  the  removal  of  splinters  and  resection  of  the  articular 
ends  may  advantageously  be  practised  in  many  cases,  more  particularly  if  the 
patient  be  young  and  sound  in  constitution  and  the  soft  parts  not  too  exten- 
sively damaged.  But,  if  these  be  largely  lacerated  and  widely  contused,  or  if 
the  patient  be  aged  or  broken  in  health,  amputation  is  imperatively  called  for. 
This  is  especially  the  case  when  the  knee  is  injured  ;  extensive  lacerations  of 
the  joint,  if  complicated  with  dislocation,  or  with  comminution  of  the  bones, 
being  cases  for  immediate  amputation. 

In  all  other  cases  an  attempt  should  be  made  to  sa\-e  the  joint.  The  prog- 
nosis in  cases  of  wounded  joints  has  been  greatly  improved,  and  the  treatment- 
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simplified,  by  the  employment  of  antiseptics  and  drainage.  Indeed  the  surgeiy 
of  joint-wounds  has  been  completely  revolutionized,  and  cases  that  a  few  years 
ago  would  have  been  at  once  submitted  to  amputation  are  now  saved  without 
difficulty.  This  applies  not  only  to  incised  wounds  but  equally  to  those  of  a 
lacerated  (character  or  that  are  complicated  Q\^n  with  fi-acture  of  the  articular 
.ends. 

;  If  then  it  be  determined  to  save  the  joint,  we  must  keep  three  objects 
steadily  in  view  :  first,  the  synovial  cavity  must  be  thoroughly  drained ; 
secondly,  the  joint  must  be  kept  perfectly  at  rest,  and  firmly  fixed  ;  and 
thirdly,  the  discharges  must  be  prevented  from  decomposing  by  some  efficient 
system  of  antiseptic  treatment.  To  drain  a  joint  perfectly,  as  before  stated, 
is  not  always  easy,  but  every  articulation  can,  without  difficulty,  be  sufficiently 
di-ained  to  prevent  the  development  of  tension  in  its  cavity.  If  an  efficient 
system  of  antiseptic  treatment  can  be  carried  out,  minor  imperfections  of 
di-ainage  are,  however,  of  less  consequence. 

;.  The  Antiseptic  Treatment  of  a  wounded  joint  is  carried  out  on  exactly  the 
same  principles  as  that  of  any  other  wound.  The  wound  must,  if  necessary, 
be  enlarged ;  the  cavity  of  the  joint  is  then  well  syringed  out  with  carbolic 
acid  solution  in  water  (1  to  20),  perchloride  of  mercury  (1  in  1000),  or  some 
other  efficient  antiseptic  fluid.  This  is  best  done  by  means  of  a  stiffish  piece 
of  india-rubber  tubing  long  enough  to  reach  to  any  part  of  the  joint,  fixed  on 
the  end  of  a  syringe.  The  joint  may  be  carefully  moved  at  the  same  time,  so 
that  the  lotion  may  find  its  way  to  every  part  of  the  articulation.  The  fluid  is 
then  squeezed  out  of  the  joint,  a  drainage-tube  inserted,  and  the  wound  closed 
by  sutures.  If  the  case  be  one  of  a  large  lacerated  wound,  with  dirt  ground 
into  it,  it  must  be  carefully  cleaned  with  a  sponge.  If  the  wound  is  in  such 
a  situation  that  it  is  not  likely  to  di-ain  well,  a  counter-opening  may  be  made 
on  a  probe  at  the  most  dependent  part,  into  which  another  tube  may  be  passed. 
The  antiseptic  dressing  is  then  applied  and  the  limb  fixed  on  a  splint  or  by 
some  rigid  apparatus  in  such  a  way  that  the  slightest  movement  is  impossible. 
The  drainage-tubes  can  usually  be  removed  at  about  the  end  of  the  first  week, 
but  this  will  depend  upon  the  amount  of  discharge.  Great  care  must  be  taken 
not  to  move  the  joint  at  the  di'essings. 

■  One  of  the  forms  of  absorbent  antiseptic  dressing,  such  as  sublimate  wood- 
wool, salicylic  silk,  salicylic  or  iodoform  wool,  &c.,  will  be  found  most  con- 
yenient  in  the  treatment  of  wounded  joints.  The  elastic  pressure  facilitates 
drainage  and  limits  exudation,  while  at  the  same  time  it  aids  in  maintaining 
rest.  These  may  be  applied  as  lasting  dressings  and  left  undisturbed,  unless 
elevation  of  temperature,  severe  pain,  or  the  appearance  of  discharge  shows 
that  all  is  not  going  on  well.  If  drainage-tubes  have  been  inserted,  the  dress- 
ing must  be  changed  on  the  sixth  or  seventh  day  to  remove  them.  After  the 
first  dressing,  when  the  tubes  have  been  removed,  if  all  is  going  on  well,  the 
limb  may  be  fixed  in  a  plaster-of -Paris  bandage,  applied  over  the  antiseptic 
dressing.  If  there  is  no  elevation  of  temperature,  and  no  pain,  this  may  be 
Jeft  on  till  the  wound  is  healed. 

Should  antiseptics  not  be  available,  the  following  treatment  should  be  adopted. 
If  the  joint  be  opened  by  a  puncture,  or  small  clean-cut  wound,  this  may  occa- 
sionally be  closed  by  bringing  the  edges  together,  and  placing  a  piece  of  lint 
poaked  in  collodion  upon  it,  or  a  strip  of  plaster  washed  over  with  resin  varnish. 
The  limb  must  then  be  placed  in  a  splint  (plaster-of-Paris  is  the  best),  so  as 
to  be  rendered  al^solutely  immovable,  and  the  joint  should  then  be  surrounded 
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by  india-vubber  bags  coubaiuing  pounded  ice,  or  kept  cold  by  the  ap])licatiou 
of  Leiter's  tubes  (p.  '204).  lu  fact,  the  best  chance  of  avoiding  furthei-  niis- 
chief  lies  in  the  exclusion  of  air,  perfect  rest,  and  the  coutiuiious  application 
of  dry  cold.  In  this  way  inflammation  may  be  prevented,  and  union  of  the 
wound  take  place  under  the  plaster  ;  but  in  the  majority  of  cases  the  injury 
is  followed  by  so  abundant  a  secretion  of  synovia,  that  the  dressing  becomes 
loosened  by  the  tension  and  outward  pressure  of  the  accumulated  fluid  which 
escapes  fi-om  under  it.  If,  while  the  dressing  remains  adherent,  the  preven- 
tive means  fail  to  arrest  inflammation,  and  the  joint  swell,  becoming  red,  hot, 
and  throbbing,  with  some  constitutional  disturbance,  the  cold  applications 
must  be  removed  and  heat  substituted  in  the  form  of  fomentations.  The 
synovial  cavity  should  then  be  emptied  by  means  of  the  aspirator.  If  the 
fluid  that  is  withdrawn  be  merely  turbid  synovia,  leeches  may  be  applied  and 
the  hot  fomentations  continued.  Opium  may  be  given  to  alleviate  pain.  In 
this  way  the  symptoms  may  be  reheved  and  the  joint  recover.  Should  the 
fluid  withdrawn  be  pure  pus,  or  contain  a  large  proportion  of  pus,  it  is  useless 
any  longer  to  attempt  the  closure  of  the  wound. 

When  suppuration  has  come  on,  long  and  free  incisions  should  be  made  into 
the  joint,  on  each  side,  if  possible,  and  at  the  most  dependent  part  of  the 
capsule,  so  as  to  allow  a  ready  exit  to  the  pus.  If  this  be  done  thoroughly, 
and  perfect  rest  maintained  afterwards,  the  symptoms  are  immediately  reheved, 
and  ultimately  recovery  may  take  place,  usually  with  ankylosis,  but  occasionally 
with  some  degree  of  mobility.  Small  incisions  into  the  joint  are  worse  than 
useless  ;  by  a  small  incision  the  pus  cannot  be  evacuated  from  a  deep  and  com- 
plicated joint,  but  air  is  admitted,  and  the  result  is  to  favour  the  decompo- 
sition of  the  discharges,  and  to  cause  severe  septic  fever  and  possibly  pyaemia  ; 
by  making  free  and  early  incisions,  however,  and  thus  establishing  perfect 
drainage,  but  little  decomposable  matter  is  left  in  the  cavity  of  the  joint,  and 
the  evils  of  decomposition  are  reduced  to  a  minimum.  The  comjjlete  relief  of 
tension  effected  by  such  incisions  reduces  the  local  inflammation  and  saves  the 
patient  much  pain.  After  the  incisions  have  been  made,  it  is  better  to  avoid 
poulticing  or  simple  water-dressing,  as  these  favour  putrefaction.  The  wound 
must  be  syringed  with  some  antiseptic  solution,  as  Condy's  fluid,  carbolic  lotion 
(1  in  40),  perchloride  of  mercuiy  (1  in  2000),  or  tinctm-e  of  iodine  and  water 
(5ij  to  Oj),  and  it  must  be  dressed  with  carbolic  oil  (1  in  10),  or  terebene 
and  oil  (1  in  6),  or  a  strong  lead  and  spirit  lotion.  If  boracic  acid  lint  be  at 
hand,  it  forms  a  most  efliicient  dressing,  applied  warm  like  a  pouhice  and 
changed  frequently.  In  the  absence  of  aU  antiseptic  material  the  open  treat- 
ment%r  the  simple  application  of  oil  or  lard,  will  be  the  best.  If  the  case 
proceed  favourably,  the  discharge  will  gradually  lessen,  and  the  constitutional 
disturbance  subside.  The  joint  must  then  be  placed  in  such  a  position,  that, 
when  ankylosis  results,  the  limb  may  be  serviceable  to  the  patient.  If,  how- 
ever, as  very  frequently  happens  when  the  larger  joints  are  wounded,  the 
suppuration  within  the  articulation,  and  the  abscesses  that  form  outside  it. 
reduce  the  patient  to  a  hectic  sEate,  secondary  amputation  speedily  becomes 

inevitable.  •    •  i 

Wounds  of  Individual  Joints.— To  the  preceding  general  principles  1 

have  little  to  add  with  respect  to  wounds  of  individual  joints. 

The  Hip  and  Shoulder  are  so  deeply  placed,  and  so  well  protected,  that 

they  can  scarcely  be  wounded  except  as  the  result  of  gun-shot  injury,  the 

treatment  of  which  has  already  been  discussed  (pp.  356,  358). 
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"Wound  of  the  Knee-joint  is  oue  of  the  most  common  and  most  severe 
of  such  injuries.  Tliose  caused  by  gun-shot  violence  have  ah-eady  been 
described  (p.  856).  When  produced  by  a  puncture  or  a  clean  cut,  antiseptic 
treatment  and  immobility  will  usually  ensure  a  cure  without  the  functions  of 
the  joint  being  in  any  way  impaired.  Thomas's  knee-splint  well  applied  will 
be  found  the  mosb  convenient  form  of  apparatus  for  fixing  the  joint.  Should 
suppuration  occur,  the  joint  must  be  laid  open  unsparingly.  The  finger 
should  be  inserted  at  the  original  wound,  if  it  be  situated  towards  the  front  of 
the  joint,  and  pushed  down  to  the  most  dependent  part  of  the  synovial  pouch  ; 
here  the  tip  of  the  finger  may  be  made  to  project  and  be  cut  down  upon.  A 
probe-pointed  bistoury  is  then  to  be  introduced  and  the  incision  extended  till  it 
reaches  from  the  head  of  the  tibia  to  the  upper  limit  of  the  synovial  pouch. 
The  knife  should  be  slanted  backwards  so  as  to  facilitate  drainage.  The 
opposite  side  of  the  joint  must  then  be  treated  in  the  same  way.  Even  after 
this  amputation  may  be  necessary,  and  the  incisions  above  described  can  be 
used  in  the  operation.  If  the  drainage  is  inefficient,  abscesses  will  often  form 
deeply,  the  pus  bursting  from  the  joint  by  the  upper  part  of  the  synovial 
pouch,  and  harrowing  up  the  thigh  under  the  vasti,  reaching  sometimes  as 
high  as  the  trochanter  before  it  is  detected.  At  the  time  the  synovial  pouch 
gives  ^ay  the  relief  of  tension  may  cause  a  deceptive  abatement  in  the  severity 
of  the  symptoms  ;  but  soon  the  limb  swells  up  to  the  trochanters,  becomes 
tense,  painful,  hot,  and  oedematous,  with  great  constitutional  disturbance  and 
high  fever,  though  the  joint  may  be  but  little  swollen,  and  many  days  will 
often  elapse  before  fluctuation  can  be  again  felt  in  it  or  in  the  thigh. 
This  absence  of  swelling  in  the  knee  itself  may  mislead  an  inexperienced 
practitioner.  At  length  the  abscess  may  approach  the  surface  near  the  knee  ; 
and,  on  an  incision  being  made,  an  immense  quantity  of  pus  is  discharged. 
It  is  the  depth  in  the  limb  at  w^hich  the  abscess  is  seated  that  gives  rise  to 
the  difficulty  in  its  detection,  the  violent  constitutional  disturbance  it 
occasions,  and  its  extreme  danger.  I  have  never  seen  abscess  form  amongst 
the  muscles  of  the  leg  as  a  consequence  of  injury  of  the  knee-joint,  unless  the 
tibia  had  been  fractured  as  well  as  the  joint  opened. 

For  the  penetration  of  the  knee-joint  by  needles,  see  p.  336. 

Wounds  of  the  Elbow  and  Ankle-joints,  when  simple,  as  in  punctures, 
usually  admit  of  closure  and  of  being  healed,  leaving  a  sufficiently  useful  and 
mobile  articulation.  When  they  are  complicated  with  fracture  of  the  neigh- 
bouring bones,  the  soft  parts  not  being  too  extensively  injured,  resection  of  the 
wounded  articulations  is  the  proper  course  to  adopt ;  if  there  be  much  lacera- 
tion of  soft  parts  with  comminution  of  the  bones,  amputation,  especially  in  the 
case  of  the  ankle,  will  be  required. 

Wounds  of  the  Wrist-joint  are  pecuharly  dangerous,  on  account  of  the 
extent  and  complexity  of  the  synovial  membrane  that  enters  into  its  confor- 
mation. Should  suppuration  be  set  up,  some  of  the  carpal  bones  may  necrose. 
In  these  circumstances,  if  the  patient  be  in  good  health  and  not  too  old, 
excision  of  the  joint  will  save  a  very  useful  hand  ;  when  excision  is  not 
practicable,  amputation  must  be  performed,  if  possible,  by  a  flap  taken  from 
the  palm,  only  the  diseased  articular  ends  of  the  radius  and  ulna  being 
removed.  In  some  cases  the  patient  may  recover  without  operation,  but  a 
stiff  and  comparatively  useless  hand  will  generally  be  left. 

Dislocations  will  be  described  in  Chapter  XXII. 
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FRACTURES. 

The  management  of  fractures  constitutes  one  of  the  commonest  duties  of 
the  Surgeon,  and  hence  the  consideration  of  all  that  relates  to  their  nature  and 
treatment  is  of  the  utmost  importance. 

A  fracture  may  be  defined  as  a  sudden  and  violent  solution  of  continuity  in 
a  bone  ;  but  by  the  term  fracture  it  is  convenient  to  describe  other  lesions, 
which,  strictly  speaking,  are  not  comprised  in  the  definition.  The  displace- 
ment of  an  epiphysis  from  the  shaft  of  a  bone  is  not  really  a  fracture  bat  a 
separation ;  as  is  also  the  displacement  of  a  costal  cartilage  from  a  rib. 

Causes.— Fractures  are  almost  invariably  the  result  of  local  causes,  but  the 
liabiUty  to  their  occurrence  is  more  or  less  modified  by  certain  predisposing 
circumstances. 

Local  Causes.— Fractures  may  occui-  from  the  apphcation  of  external 
violence,  or  from  muscular  action. 

External  violence  may  be  applied  in  two  ways  :  directly  or  indirectly. 
■  The  worst  forms  of  fi-acture  are  occasioned  by  direct  external  violence, 

the  weight  or  blow  crushing  and  splintering  the  bone,  as  by  the  passage  of  a 
heavy  wheel  or  a  gun-shot  injury.  When  the  bone  is  broken  by  direct 
'  violence,  the  fracture  is  always  at  the  seat  of  injury,  and  is  often  complicated 
with  considerable  mischief  to  the  soft  parts,  the  result  of  the  same  force  that 
breaks  the  bone. 

■  Indirect  violence  may  break  a  bone  in  two  ways.    One  that  is  more 
commonly  talked  of  than  seen  is  by  contrecoup,  in  which,  when  a  blow  is 
inflicted  on  one  part,  the  shock  that  is  communicated  expends  its  violence  on 
.'the  opposite  point,  where  the  fracture  consequently  occurs.    This  form  of 
'  injury  has  been  described  only  in  the  bones  of  the  head.    (See  Chap.  XXIV.) 

In  the  next  form  of  indirect  violence  occasioning  fracture,  the  bone  is  broken 
•'  by  being  snapped,  as  it  were,  between  a  resisting  medium  at  one  end,  and  the 
weight  of  the  body  on  the  other.    Thus,  a  person  jumping  fr-om  a  height  and 
alighting  on  his  feet,  may  break  his  legs  by  their  being  compressed  between  the 
weight  of  the  body  above  and  the  ground  below.    The  long  bones  are  those 
Which  are  most  ft-equently  fr-actured  in  this  way  :  and  the  fracture  occurs  at 
■  the  greatest  convexity,  or  at  their  weakest  point.    When  a  pei-son  jumps  from 
a  carriage  that  is  in  motion,  although  the  height  of  the  fall  be  not  great,  yet 
ita  force  is  considerable,  the  feet  coming  violently  to  the  ground  and  being 
■•suddenly  fixed,  while  the  body  moves  with  the  same;  velocity  as  that  with 
which  it  was  being  camed  onwards  in  the  vehicle.    Hence,  fractures  received 
,  in  this  way  are  usually  severe,  and  often  compound  or  comminuted. 
.  ■:  Muscular  action  is  not  an  unfrequent  cause  of  fracture  of  those  bones  mto 
which  powerful  muscles  are  inserted.    This  is  especially  the  case  with  the 
patella  and  some  of  the  bony  prominences,  such  as  tlie  acromion,  which  are 
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broken  in  the  same  way  that  a  tendon  is  ruptured — by  the  violent  contraction 
of  the  muscles  attached  to  them  tearing  them  asunder.  It  is  not  often  that 
the  long  bones  are  so  fractured  ;  but  the  humerus  has  been  broken  by  a  person ; 
striking  at  but  not  hitting  another,  or  by  suddenly  throwing  out  the  arm  to 
seize  something  that  was  falling  ;  and  the  clavicle  has  been  fractured  by  a 
rider  giving  his  horse  a  back-handed  blow.  In  these  cases,  however,  muscular 
action  may  not  have  been  the  sole  cause,  the  weight  of  the  limb  also  tending, 
to  fracture  the  bone.  Those  bones  that  do  not  afford  attachment  to  any 
powerful  muscles,  as  the  cranial,  for  instance,  cannot  be  ft-actured  in  this  way. 
Muscular  action  also  aids  in  the  fracture  of  bones  by  indirect  violence  ;  thus 
we  see  that  a  sober  man  who  makes  a  violent  effort  to  save  himself  more  often 
breaks  a  bone  in  a  fall  than  a  drunken  man  who  falls  like  a  log. 

Predisposing  Causes. — These  are  numerous  and  varied. 

Some  bones  are  especially  liable  to  be  broken  in  consequence  of  their  serving 
as  points  of  support.  Thus,  when  a  person  falls  upon  the  hand,  the  shock  is 
transmitted  from  the  wrist-joint  through  the  radius,  humerus,  and  clavicle,  to 
the  trunk  :  the  radius  and  clavicle,  being  the  weaker  bones,  are  then  espe- 
cially liable  to  be  fractured.  So  again,  the  situation  of  a  hone,  irrespectively 
of  any  other  circumstance,  may  predispose  it  to  fracture  ;  the  prominent 
position  of  the  nasal  bones,  and  the  exposed  situation  of  the  acromion,  render 
these  parts  pecuUarly  liable  to  injury.  The  shape  of  some  bones  disposes 
them  to  fracture  ;  thus,  a  long  bone  is  necessarily  more  readily  broken  than  a 
short  and  thick  one  ;  hence  fractures  of  the  tibia  and  femur  from  falls  on  the 
feet  are  more  common  than  of  the  os  calcis.  Certain  parts  of  bone  are  more 
commonly  fractured  than  others.  Those  parts  especially  into  which  powerful 
muscles  are  inserted,  or- that  are  in  exposed  situations,  and  hence  liable  to 
injury,  or  have  to  receive  the  weight  of  the  fallen  body,  are  often  broken. 
Hence  the  clavicle,  the  olecranon,  and  the  neck  of  the  femur,  are  commonly 
fractured. 

Age  exercises  considerable  influence,  not  only  on  the  general  occm-rence  of 
fracture,  but  on  the  peculiar  liability  of  certain  bones.  Though  fractures  may ; 
occur  at  all  ages,  even  in  intra-uterine  life  (Chaussier  has  dissected  a  foetus 
that  had  113  fractures),  yet  bone,  being  elastic  and  cartilaginous  in  early  age,, 
is  less  readily  broken  than  when  it  has  become  brittle  and  earthy,  as  m 
advanced  life. 

Congenital  Fractures  appear  to  me  to  be  in  many  cases  at  least  ratlaer 
instances  of  an-cst  of  development  of  some  portion  of  the  bone  between  its 
ossific  centres  than  true  fractures.  The  congenital  or  intra-uterine  frac- 
tures show  no  disposition  to  the  formation  of  callus  or  to  union  in  the 
way  in  which  ordinary  traumatic  fractures  so  readily  unite  in  most  children, 
and  what  is  more  remarkable,  and  a  fact  that  lends  support  to  the  opinion 
that  they  arc  instances  of  arrest  or  of  imperfection  of  development  rather 
than  true  fractures,  is  this,  that  they  cannot  be  made  to  unite  by  those 
operations  of  wiring,  scraping,  &c.,  that  are  so  commonly  successful  in 
ordinary  cases  of  non-union  of  a  broken  bone.  In  fact,  I  have  never  seen, 
such  operations  of  any  use  in  procuring  the  union  of  these  congenital 
fractures. 

In  children,  fractures  frequently  occur  at  the  point  of  junction  between? 
the  shaft  and  the  epiphysis,  where  ossification  has  not  as  yet  become  perfect; 
This  separation  of  the  epiphysis  in  children  occurs  chiefly  at  the  lower  ends 
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of  the  humerus  and  femur,  sometimes  in  the  radius  and  other  long  bones. 
As  age  advances,  the  compact  tissue  of  the  shaft  becomes  denser  and  harder, 
but  the  cancellous  structure  of  the  extremities  moi-e  dilated  and  looser  ; 
hence  fracture  of  the  neck  of  the  femur  is  especially  common  in  old  people. 
In  young  persons  the  bone  is  usually  broken  transversely,  but  fractm-es 
taking  place  at  a  more  advanced  period  of  life  are  generally  oblique,  and 
often  comminuted  ;  in  adults  they  also  uioj-e  commonly  extend  into  joints 
than  when  occurring  in  early  age.  In  children,  more  than  one  half  the 
fractures  occurring  in  the  upper  limb  are  of  tlie  clavicle  ;  and  in  the  lower 
limb,  fracture  of  the  shaft  of  the  femur  by  indii'ect  violence  is  of  extremely 
common  occurrence. 

Sex  indirectly  influences  the  liability  to  fracture, men  being  more  frequently 
exposed  to  the  causes  of  this  injury  than  women.  In  women,  the  bones  that 
are  most  commonly  fractured  are  the  clavicle,  the  radius,  the  tibia,  and  the 
neck  of  the  femur  ;  in  men,  the  shafts  of  the  long  bones,  the  cranium,  and 
the  pelvis. 

From  statistical  tables  of  fractures  of  the  upper  limb  given  by  Flower,  it 
appears  that  below  five  years  of  age  the  liability  of  the  two  sexes  to  fi-acture 
is  equal.  After  five,  the  males  steadily  increase  in  liability  up  to  middle  life. 
After  forty-five,  the  number  of  fractures  of  the  upper  limb  in  females  exceeds 
that  in  males,  in  consequence  of  the  extreme  frequency  in  women  above  middle 
life  of  fracture  of  the  lower  end  of  the  radius. 

Side  of  the  Body. — From  the  latest  statistical  accounts  collected  by  Gurlt, 
Middeldorpf,  Lente  and  others,  it  would  appear  that  fractures  occur  with  about 
equal  frequency  on  the  two  sides  of  the  body. 

Time  of  Year. — The  popular  supposition  that  the  bones  are  more  brittle 
in  winter,  and  hence  break  more  readily  than  at  other  seasons,  is  altogether  a 
mistake  ;  though  fractures  may  be  common  at  this  period  of  the  year,  from 
falls  being  more  frequent  during  frosty  weather. 

Spontaneous  fractures  are  those  which  happen  without  any  very  distinct 
cause,  or  under  the  influence  of  violence  that  would  usually  be  insufficient  to 
produce  such  an  injury.  They  arise  from  various  pathological  conditions, 
amongst  which  the  following  are  the  chief.  Atrophy  of  Bone  occurs  naturally 
in  old  age,  and  is,  as  before  stated,  a  powerful  predisposing  cause  of  fracture  : 
but  mere  senile  atrophy  seldom  reaches  such  a  degree  as  to  lead  to  spontaneous 
fracture.  In  the  same  way  atrophy  from  want  of  use  may  render  the  bone 
brittle,  so  that  a  very  small  force  may  break  it,  as  we  occasionally  see  in  at- 
tempted reduction  of  old  dislocations.  A  much  more  important  form  of  atrophy 
is  that  which  accompanies  certain  forms  of  disease  of  the  central  nervous  system, 
especially  general  paralysis  of  the  insane.  Bruns  has  collected  the  records  of 
sixty  cases  of  spontaneous  fracture  occurring  in  the  insane,  and  amongst  these 
were  many  instances  of  multiple  fractures.  In  some  of  these  cases  the  bones 
were  found  to  be  greatly  atrophied,  and  in  one  they  were  easily  cut  with  a  knife, 
(leneral  paralysis  is  not  unfrequently  complicated  by  violent  maniacal  attacks, 
and  in  the  necessary  restraint  at  these  times  it  has  ha])pened  that  one  or 
more  of  the  patient's  bones  have  been  broken  although  no  undue  force  has 
been  employed.  These  cases  have  more  than  once  given  rise  to  charges 
of  cruelty  or  manslaughter  against  the  keepers  in  lunatic  asylums.  Weir 
Mitchell  states  that  spontaneous  fractures  are  not  uncommon  in  locomotor 
ataxy.    MollUies  osmnn  is,  as  Avill  be  seen  when  treating  of  that  disease. 
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often  associated  with  spontaneous  fracture.     EicUts      move  often  a  cause 
of  bendino-  or  partial  fracture  under  considerable  violence,  but  cannot  be 
said  to  be°a  cause  of  true  spontaneous  fracture.     Scurry  was  said  by  the 
older  writers  to  cause  a  general  weakness  of  the  bones,  but  later  observations 
have  not  confirmed  this.    In  children  it  is  said  to  predispo8e_  to  separation  ot 
the  eDiijhvses.    Consmutional  Syphilis  was  formerly  believed  m  some  cases  to 
cause  a  ineral  brittleness  of  the  osseous  system,  but  later  observations  do 
nob  confirm  this  :  in  every  case  in  which  syphilis  is  a  cause  of  spontimeous 
fracture  some  definite  local  disease,  as  caries,  necrosis,  or  a  gumma  is  met 
with     In  the  same  way  the  "  cancerous  cachexiar  apart  from  the  develop- 
ment of  a  secondary  tumour  in  the  bone,  never  causes  spontaneous  fracture. 
A  sarcoma  growing  in  or  on  a  bone,  or  pressing  on  it  when  springing  from  a 
neighbouring  structure,  may  so  weaken  it  as  to  cause  it  to  give  way  spontane- 
ou^y     i\e^-osis,  caries  and  aiscess  of  lorn  have  all  been  known  to  give  rise  to 
spontaneous  fracture,  but  such  a  compli(;ati<m  is  extremely  rare.    Some  rare 
cases  have  been  described  in  which  there  is  a  hernMary  endency     frac  ure 
of  the  bones,  without  any  other  recognizable  constitutional  defect,  transmitted 
from  father  to  son.    Thus  Greenish  records  a  case  m  which  the  grandfather 
had  had  several  bones  broken  ;  of  his  three  sons  and  two  daugh  ers  the 
youngest  son  and  the  two  daughters  escaped  without  fractures  ;  the  eldest  son, 
who  had  one  bone  broken,  had  two  children,  the  eldest  of  whom  had  thirteen 
and  the  younger  two  fractures  ;  the  second  son,  who  had  two  fractures  had 
five  children,  who  suffered  respectively  four,  foui",  eight  four,  and  three 
broken  bones.    Lastly,  certain  cases  are  met  with  in  which  no  clear  causes 
can  be  found  :  thus  fracture  of  the  femur  has  more  than  once  been  met  with 
in  young  men  apparently  quite  healthy,  from  the  sudden  and  violent  con- 
traction of  the  thigh  muscles,  as  for  instance  in  pulling  off  or  drawing  on  a 
boot,  and  I  have  known  a  gentleman  a  little  over  fifty,  apparently  m  perfect 
'  health,  break  his  thigh  with  a  loud  snap  whilst  turning  m  bed    In  cases 
of  spontaneous  fractm-e  union  rarely  takes  place,  or  not  without  mucH 

Varieties.— Fractures  present  important  varieties  as  to  their  iVa^wre  and 
their  Direction.  The  varieties  as  to  nature  depend  upon  the  cause  of  the 
fracture,  its  seat,  and  the  age  of  the  patient.  ,    ^  ^ 

Nature.-Fractures  are  divided  first  into  three  classes,  Simple,  Compound^ 
and  Gomplicated.  A  fracture  is  said  to  be  Simple  when  it  is  not  accompanied 
by  an  open  wound  communicating  directly  with  the  seat  of  fracture. 

When  the  soft  parts  are  torn  through,  so  that  the  fracture  communicates 
by  a  wound  with  the  surface  of  the  body,  it  is  said  to  be  Compound.  A 
fracture  may  be  rendered  compound  in  two  ways  ;  either  through  laceia- 
tion  of  the  soft  parts  by  the  same  injury  that  breaks  the  bone,  as  when  a 
bullet  in  traversing  a  limb  fractures  the  bone  ;  or  else  by  the  protrusion 
of  one  of  the  extremities  of  the  broken  fragments  through  the  integuments 
This  necessarily  most  frequently  happens  when  the  fragments  are  sharp  and 
pointed,  and  the  coverings  thin,  as  in  fracture  of  the  tibia,  and  may  be 
occasioned  by  muscular  contraction,  or  by  some  incautious_  movement  on 
the  part  of  the  patient,  or  roughness  on  the  part  of  those  lifting  or  carrying 
him,  driving  the  fragment  through  the  skin. 

It  is  important  to  distinguish  between  fractures  that  are  prnnanly  com- 
pound, that  is,  that  are  compound  from  the  first  or  become  so  withm  a  few 
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days,  and  those  in  wliich  a  wound  leading  to  the  broken  bone  forms  some 
time  after  the  accident,  as  tlic  result  of  inflammation,  suppuration,  and 
or  from  other  causes.  When  the  fi-acture  becomes  compound 
the  danger  is  greatly  lessened,  on  account  of  the  repaiative 
tissue  that  has  foi-med  at  the  seat  of  the  injury  ha^^ng  closed  the  medul- 
lary canal  in  such  a  way  that  septic  osteomyelitis  is  not  likely  to  occur. 
The  blood-clot  and  the  early  e.viidation  are  also  to  a  great  extent  absorbed 
and  the  intermuscular  spaces  around  sealed  by  coagulated  inflammatory 
exudation  or  gi-anulation -tissue,  and  thus  deep  burrowing  of  septic  matter  in 
the  limb  is  not  likely  to  take  place,  and  the  danger  of  septic  absorption  or 
pytemia  is  greatly  diminished. 

A  fractixre  is  said  to  be  Complicated  when  the  injury  to  the  bone  is  con- 
joined with  other  conditions  which  are  perhaps  of  more 
importance  than  the  mere  fracture;  the  complication 
constituting  often  the  most  serious  ])art  of  the  injury, 
and  greatly  influencing  the  general  result  of  the  case. 
Thus,  a  fracture  may  be  complicated  with  injury  of  an 
important  internal  organ,  as  of  the  brain,  lung,  or 
bladder  :  the  injury  to  the  organ  being  inflicted  by 
the  projection  against  it  of  one  of  the  fragments.  A 
fracture  is  not  unfrequently  complicated  with  the  wound 
of  one  of  the  principal  arteries  of  the  part,  as  happens 
especially  in  the  leg,  where  the  tibial  arteries,  being  in 
close  contact  with  the  bone,  are  often  toni  by  the 
broken  ends.  In  other  cases  again,  the  fracture  is 
associated  with  injury  of  a  joint  or  with  dislocation. 

Fractures  are  also  divided  into  the  Single  Practure, 
where  the  bone  is  merely  broken  across,  split,  or 
fissured  ;  the  Comminuted  (Fig.  171),  where  the  bone 
is  broken  into  several  fragments  at  one  place;  the 
Impacted,  where  one  fragment  is  wedged  into  another,  the  compact  tissue 
being  driven  into  the  cancellous  structure ;  and  the  Mtdtiple,  where  there 
are  more  fractures  than  one,  either  in  different  bones  or  in  different  parts  of 
the  same  bone. 

Besides  these  varieties  of  fracture,  it  occasionally  happens  that  a  bone  is 
only  cracked,  or  partially  broken.  This  especially  occurs  in  the  bending  of 
bone  in  children,  in  which  cases  the  fracture  may  be  Partial  or  Incomplete, 
merely  extending  across  the  convexity  of  the  curve  made  by  the  bone.  This 
is  sometimes  called  the  "  green-slick  "  fracture. 

Direction. — The  direction  assumed  by  fractures  varies  greatly,  and  depends 
materially  on  the  cause  of  the  injury,  as  Avell  as  upon  the  bone  that  is 
fractured. 

The  line  of  fracture  may  run  through  a  bone  in  three  different  directions  : 
either  transversely/,  obUquehj,  or  longiludhmlhj  to  its  axis. 

The  Transverse  Practure  is  the  simplest,  and  is  seldom  complicated  with 
injury  to  the  neighbouring  parts.  It  chiefly  occurs  in  children,  and  very  fre- 
quently between  the  articular  extremity  and  the  shaft  of  a  bone  ;  it  unites 
readily,  and  is  attended  with  but  little  displacement.  It  is  most  commonly 
the  result  of  direct  violence,  but  it  may  arise  from  muscular  action,  as  in  the 
case  of  the  patella,  which  is  usually  broken  in  this 
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The  Oblique  Fracture  commonly  occui's  from  indirect  violence  ;  the 
-  breaking  force  being  applied  to  the  ends,  and  not  across  the  shaft.  It  often, 
i-uns  a  long  way,  sometimes  nearly  half  the  length  of  the  shaft  of  a  bone,  and, 
is  more  dangerous  than  the  transverse,  owing  to  tbe  obliquity  of  the  fracture; 
causing  the  ends  of  the  bone  to  be  sharply  pointed  (Fig.  172,  a),  and  thus, 
frequently  to  puncture  the  skin,  or  to  perforate  an  artery.  It  is  more  tediousj 
in  its  cure  than  the  transverse,  owing  to  the  difficulty  of  keeping  the  frag-; 
ments  in  accurate  apposition  ;  hence,  also,  there  is  a  greater  liability  to 
shortening  of  the  limb.  It  is  pi'incipally  met  with  in  the  shafts  of  the  long 
bones  of  adults. 

The  Spiral  Fracture  is  the  result  of  violent  tw'sts,  and  is  most  frequently 
met  with  in  the  tibia  and  femur.  In  it  the  fissure  runs 
obhquely  round  the  axis  of  a  long  bone.  The  fracture  is 
usually  rendered  complete  by  a  second  fissure  joining  the  line 
of  the  spiral ;  but  it  has  been  occasionally  met  with  iu  an 
incomplete  form. 

The  Longitudinal  or  Fissured  Fracture  of  a  long  bone 
consists  of  a  splitting  or  fissure  in  the  direction  of  its  axis 
(Fig.  172,  h).  Longitudinal  fracture,  or  splitting  of  bone,  is 
not  very  common  in  civil  practice  ;  but  in  military  practice  it 
is  frequent,  especially  from  the  action  of  conical  rifle-balls.  In 
such  cases,  when  the  shaft  is  struck  and  shattered,  the 
sphtting  of  the  bone  may  extend  widely  in  either  direction — 
sometimes  into  the  neighbouring  joint  (Fig.  109,  p.  340), 
although,  as  Stromeyer  has  remarked,  it  usually  stops  short  of 
this,  terminating  at  the  epiphysis.  When  the  fracture  is  pro- 
duced by  a  blow,  which  need  not  be  a  very  severe  one,  upon 
the  articular  end,  the  bone  may  be  split  and  the  joint  opened. 
In  flat  bones,  the  fissures  may  radiate  from  the  spot  to  which 
the  violence  has  been  apphed,  forming  the  stellate  fracture ; 
or  a  sharp  instrument  may  perforate  the  boue,  giving  rise  to 
a  punctured  fracture. 

The  Separation  of  the  Epiphysis  of  one  of  the  long  bones  from  the 
shaft,  at  the  line  of  junction,  is  an  accident  that  occasionally  occurs  in 
children  and  young  people  at  any  period  up  to  that  of  the  completion  of  the 
ossification  between  the  parts.  Hence  it  is  met  with  under  the  age  of  21  or 
22.  This  kind  of  fracture  is  always  transverse.  It  is  apt  to  simulate  a  dis- 
location very  closely  ;  but  the  diagnosis  may  be  made  by  observing  that  the 
bony  points  of  the  separated  epiphysis  maintain  their  normal  relation  to 
those  of  the  other  bone  or  bones  entering  into  the  articulation.  For  instance, 
at  the  elbow  the  inner  and  outer  condyles  of  the  humerus  maintain  their 
normal  relation  to  the  olecranon  and  the  head  of  the  radius.  Moreover,  the 
displacement  is  easily  reduced,  and  as  easily  reproduced,  while  in  a  dislocation 
reduction  is  difficult,  but  when  accomplished  the  bones  tend  to  stay  in  thek 
normal  position.  Union  readily  takes  place  by  bone,  and  the  longitudinal 
growth  is  consequently  in  many  cases  seriously  interfered  with.  Not  only  are 
the  epiphyses  of  the  long  bones  liable  to  this  separation  through  the  hne  of  junc- 
tion, but  the  same  thing  may  happen  to  various  processes,  as  the  acromion, 
olecranon,  &c.  ;  and  some  osseous  structures,  as  the  acetabulum  and  sternum, 
may  under  external  violence  separate  into  their  original  com])onent  parts. 
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SiGxNS  OF  FluCTi  Ki;. — The  history  given  by  a  patient  -who  has  broken  ;i 
bone  will  usually  be  that  he  has  met  with  a  violent  artcident,  duririfj;  which  he 
felt,  and  perhaps  heard,  something  break  oi-  snap,  and  tliat,  immediately, 
he  found  himself  unable  to  move  the  atl'ected  part,  any  attempt  to  do  so 
causing  the  most  agonizing  pain.  These  facts  are  common  to  many  othcj- 
injuries  besides  fractures,  and  serve  merely  to  direct  the  Surgeon's  attention 
to  the  seat  of  injury.  The  patient  must  be  carefully  stripped,  the  injured 
part  being  disturbed  as  little  as  possible,  the  clothes  being  cut  wherever  it  is 
necessary,  rather  than  pulled  off",  as  any  violent  movement  might  conA^ert  a 
simple  into  a  compound  fracture.  The  limb  being  fully  exposed,  the  Surgeon 
proceeds  to  examine  it  first  by  inspection,  secondly  by  measuring,  and  lastly 
by  manipulation,  comparing  it  as  regards  form  and  size  with  the  uninjured  part 
on  the  opposite  side.  It  is  better  to  leave  the  painful  process  of  manipulation 
till  the  last,  as  in  many  cases  the  existence  of  a  fracture  can  be  detennined. 
without  resorting  to  it.  The  limb  will  often  show  some  increase  in  size,  due 
either  to  the  extravasation  of  blood  round  the  fracture,  which  often  takes  place 
to  a  very  considerable  extent,  even  without  the  wound  of  any  principal  vessel ; 
or  to  the  approximation  of  the  attachments  of  the  muscles  by  the  shortening  of 
the  limb.  Diminished  bulk,  or  flattening,  occurs  in  some  cases,  in  consequence 
of  the  weight  of  the  limb  drawing  the  part  down,  and  thus  lessening  natural 
rotundity.  Neither  pain  nor  alteration  of  bulk  can  be  regarded  as  pathogno- 
monic of  fracture. 

The  more  special  and  peculiar  signs  of  fracture  are  three  :  1.  A  Change  in 
the  Shape  of  the  Limb  ;  2.  Mobility  in  its  Continuity  ;  and  3.  The  Existence 
of  Grating  between  the  Broken  Ends  of  the  Bone. 

1.  The  Change  in  the  Shape  of  the  Limb,  due  to  the  displacement  of 
portions  of  the  broken  bone,  is  a  most  important  sign  of  fractm'e  ;  it  manifests 
itself  by  a  want  of  correspondence  between  the  osseous  points  on  opposite  sides 
of  the  body,  by  an  increase  or  diminution  of  the  natural  curves  of  the  bmb, 
by  angularity,  shortening,  or  swelling. 

In  investigating  the  existence  and  extent  of  displacement  in  a  case  of  frac- 
ture, the  Surgeon  should  compare  the  corresponding  points  of  bone  on  the 
opposite  sides  of  the  body,  and  their  situation  relatively  to  some  fixed  and  easily 
distinguishable  neighbouring  prominence  on  the  trunk  or  uninjured  part  oi' 
the  limb.  From  this  the  measurements  may  be  taken,  by  grasping  the  injured 
part  and  the  corresponding  portion  of  the  healthy  limb  in  each  hand,  and 
running  the  fingers  lightly  over  the  depressions  and  elevations,  marking  any 
difference  that  exists  ;  or,  if  greater  accuracy  be  required,  measuring  by  means 
of  a  tape.  In  some  cases  the  measurement  must  not  be  made  between  the 
trunk  and  the  limb  injured,  or  even  from  one  extremity  of  the  limb  to  the 
other,  as  shortening  of  the  whole  member  might  depend  on  causes  other  than 
fracture,  such  as  wasting,  disease  of  joints,  or  dislocation  ;  when  this  is  the 
case,  the  measurement  must  be  taken  between  different  points  of  the  bone 
injui-ed,  and  compared  with  a  similar  measurement  of  the  sound  limb  ;  and  in 
children  the  length  of  the  uninjured  bones  of  the  limb  must  also  be  compared 
in  order  to  ascertain  whether  the  shortening  is  due  to  a  general  want  of 
growth  in  the  limb. 

The  displacement  of  a  broken  bone  may  be  the  direct  result  of  the  violence 
which  occasions  the  fi-acture,  the  fi-agments  being  driven  out  of  their  position, 
as  when  a  portion  of  the  skull  is  benten  in  ;  or  it  may  result  from  the  weight 
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of  the  limb  dragging  the  lower  fragment  downwards,  as  in  a  case  of  fractured 
acromion.  In  some  cases  it  is  cither  occasioned  or  greatly  increased  by  the 
direction  of  the  fracture.  Thus,  in  several  cases  of  broken  tibia  which  have 
been  under  my  care,  the  line  of  fracture  being  oblifjue  from  above  downwards, 
and  from  before  backwards,  I  have  found  the  upper  end  of  the  lower  fragment 
project  considerably  forwards,  sliding,  as  it  were,  along  an  inclined  plane  in 
the  upper  fragment ;  and  in  one  of  tliese  cases,  which  I  had  an  opportunity  of 
dissecting  after  amputation,  the  direction  of  the  fractm'e  had  evidently  deter- 
mined the  direction  of  the  displacement.  In  transverse  fractures  there  is 
often  but  slight  displacement. 

Muscular  contraction  is,  however,  without  doubt  the  great  cause  of  displace- 
ment :  hence  it  has  been  found  that,  in  paralysed  limbs  which  are  fractured, 
there  is  but  little  deformity.  The  contraction  of  the  muscles  of  the  part 
approximating  their  points  of  attachment,  draws  the  more  movable  fragment 
out  of  its  normal  position,  owing  to  the  support  or  resistance  oflFered  by  the 
bone  being  removed.  The  other  causes  that  have  just  been  mentioned,  tend 
greatly  to  favour  this  kind  of  displacement ;  but  in  some  cases,  as  in  fractured 
patella,  the  displacement  is  entirely  muscular,  and  in  all  fractures  of  the  long 
bones  it  is  due  chietly  to  muscular  contraction. 

The  Direction  of  the  Displacement  is  influenced  principally  by  the 
dii'ection  of  the  fracture,  the  position  of  the  limb,  and  muscular  action  ;  it 
may  be  angular,  transverse,  longitudinal,  or  rotatory. 

In  the  angular  displacement  there  is  an  increase  of  the  natural  curvature  of 
the  hmb,  the  concavity  of  the  angle  being  on  the  side  of  the  most  powerful 
muscles  ;  thus,  for  example,  in  fracture  of  the  thigh,  the  angle  projects  on  the 
anterior  and  outer  side  of  the  limb,  because  the  sti'ongest  muscles,  being 
situated  behind  and  to  the  inner  side,  tend,  by  their  contraction,  to  approxi- 
mate the  fragments  on  that  aspect.  This  displacement  occurs  principally  in 
obUque  and  comminuted  fractures. 

The  transverse  or  lateral  displacement  occurs  when  a  bone  is  broken  directly 
across.  The  fragments  often  hitch  one  against  another,  thus  being,  as  it  were, 
entangled  together,  and  in  this  case  there  is  often  but  very  httle  deformity. 

Longittidiiial  displacement  is  invariably  shortening  when  the  fracture  occurs 
in  the  shaft  of  a  long  bone.  It  is  due  in  most  cases  to  muscular  action,  the 
broken  ends  of  bone  being  brought  together  so  as  to  overlap  or  "  ride  "  over 
one  another.  In  other  cases,  the  shortening  may  be  owing  to  the  impaction 
of  one  fragment  into  the  other.  In  some  cases  there  is  preternatural  separation 
of  the  fragments,  the  weight  of  the  limb  tending  to  drag  the  lower  one  down- 
wards, or  muscular  contraction  drawing  the  upper  one  away  from  it,  as  in 
fracture  of  the  patella. 

The  rotatory  displacement  may  be  owing  to  the  contraction  of  particular 
sets  of  muscles,  twisting  the  lower  fragment  on  its  axis  as  well  as  producing 
shortening  of  the  limb.  Thus  the  supinators  in  some  fractures  of  the  radius 
have  a  tendency  to  rotate  the  lower  fragment  outwards.  In  other  cases  the 
line  of  obliquity  of  the  fracture  may  determine  the  rotatory  displacement ;  and 
in  the  lower  extremity  the  weight  of  the  limb  will  always  turn  the  lower 
fragment  outwards,  just  as  the  leg  of  a  dead  body  rolls  on  to  its  outer  side. 

2.  The  occurrence  of  Preternatural  Mobility  in  the  Continuity  of  a 
bone  cannot  exist  without  fracture,  and  separation  of  the  fragments  from  one 
anothei"  ;  hence,  its  presence  may  always  be  looked  upon  as  an  unequivocal 
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sign  of  broken  bone.  But  fi'actuve  may  exist  without  it :  thus,  it  occasionally 
happens  tliat  fracture  takes  jjlace,  and,  o\vin<,^  to  the  impaction  or  wedging 
together  of  the  fragments,  mobility  is  not  perceived. 

3.  Another  sign  of  much  A'aluc  in  practice  is  the  occurrenee  of  Crepitus 
or  rather  of  the  Grating  together  of  the  Rough  Surfaces  of  the  Broken 
Bone,  which  can  be  felt  as  well  as  heard  on  moving  the  limb.  This  grating 
can  occur  only  when  the  fragments  are  movable  and  in  contact,  and  is: 
especially  perceptible  when  the  rough  ends  of  the  broken  bone  are  rubbed 
directly  against  one  another.  It  is  not,  however,"  an  invariable  accompani- 
ment of  fracture  ;  being  absent  in  some  cases,  in  which  the  fracture  is  firmly 
impacted  or  the  fragments  are  widely  separated.  It  mast  not  be  con- 
founded with  the  crepitation  that  occurs  in  the  limbs  from  other  causes,  as 
from  emphysema,  or  from  the  effusion  of  serous  fluid  into  the  sheaths  of  the 
tendons,  which  gives  rise  to  a  peculiar  crackling  sensation,  very  difiPerent  from 
the  rough  grating  of  a  fracture.  There  is  a  species  of  false  crepitus  also 
experienced  sometimes  in  injuries  of  joints,  consisting  of  a  snap  or  click 
rather  than  of  true  grating,  which  is  sometimes  mistaken  by  inexperienced 
practitioners  for  true  crepitus  of  broken  bone.  The  roughened  surfaces  of  a 
joint  in  the  later  stages  of  chronic  rheumatic  arthritis  will,  however,  give  rise 
to  a  grating  which  it  is  very  difficult  to  distinguish  from  that  of  a  broken  bone. 
As  a  rule  it  is  finer  and  more  regular  than  the  crepitus  of  a  fractm-e. 

In  some  cases  in  which  the  raobihty  cannot  be  clearly  felt,  the  patient  will 
complain  of  pain  at  the  seat  of  fracture  when  an  attempt  is  made  to  find  it,  or 
when  a  distant  part  of  the  bone  is  pressed  on.  This  is  often  a  very  useful 
means  of  diagnosis  in  fractures  of  the  fibula  and  ribs. 

It  will  thus  be  seen  that  none  of  these  three  signs  alone  is  absolutely  to  be 
relied  upon,  and  it  usually  requires  a  combination  of  at  least  two  of  them  to 
determine  whether  fracture  exists.  In  ascertaining  the  existence  of  a  fracture, 
the  Surgeon  should  make  the  necessary  manipulations  with  the  utmost  gentle- 
ness, but  yet  eflfectually,  so  that  no  uncertainty  may  be  allowed  to  remain  as 
to  the  seat  and  nature  of  the  injury,  more  especially  when  it  occurs  in  the 
vicinity  of  a  joint.  The  increased  mobility  may  be  ascertained  by  fixing  the 
upper  fragment  and  rotating  the  lower  portion  of  the  limb  ;  the  crepitus  by 
drawing  down  the  lower  fragment,  so  as  to  bring  the  rough  surfaces  into 
apposition,  and  then  grasping  the  limb  at  the  seat  of  fracture  with  one  hand, 
and  rotating  it  gently  with  the  other.  The  displacement  must  be  ascertained 
by  measuring  the  limb  carefully  in  the  way  that  has  been  directed,  and  by 
comparing  the  injured  with  the  sound  side. 

Diagnosis. — The  diagnosis  of  an  ordinary  fracture  is  seldom  attended  by 
any  material  difficulty.  The  co-existence  of  displacement,  of  abnormal 
mobility,  and  of  crepitus,  will  usually  enable  the  Surgeon  at  once  to  pro- 
nounce with  certainty  its  existence,  when  it  is  simple.  When  it  is  compound, 
there  is  frequently  the  additional  evidence  afforded  by  the  protrusion  of  the 
end  of  one  of  the  fragments  ;  and  if  it  be  comminuted  as  well,  the  loose 
splinters  will  be  readily  felt. 

There  are,  however,  two  conditions  that  render  the  detection  of  a  simple 
fracture  occasionally  difficult.  The  first  is,  when  only  one  of  two  or  several 
contiguous  bones  is  broken  ;  the  other,  when  the  fragments  are  impacted. 

When  only  one  bone  is  broken  in  a  situation  where  there  are  two  or  more, 
as  in  the  leg,  forearm,  metacari)us  or  metatarsus,  very  close  and  careful 
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manipulation  of  the  injured  bone  may  be  required.  Tiie  Sm-geon  must  run 
his  -finger  carefully  over  the  most  projecting  ridge,  feeling  for  slight  inequality 
;or  cede°na  at  one  part,  or  perhaps  he  may  elicit  the  faintest  occasional  crepitus 
on  freely  and  deeply  moving  the  bone  at  the  seat  of  suspected  fracture  ;  or, 
failing  this,  severe  pain  may  be  elicited  in  the  line  of  the  bone  by  forcing  its 
two  extremities  towards  each  other,  or  by  applying  force  in  such  a  way  as  to 
bend  it.  ■ 

:  In  the  case  of  impaction  the  diagnosis  is  even  more  difficult.  Here  no 
crepitus,  and  no  preternatural  mobility,  can  be  found  ;  but  the  Surgeon  must 
be  led  to  his  diagnosis  by  the  recognition  of  the  pecnhar  displacement  and 
distortion  which  may  be  characteristic  of  the  particular  fracture,  as,  for 
instance,  the  deformity  of  the  wrist  in  impacted  fracture  of  the  lower  end  of 
the  radius. 

The  difficulties  of  diagnosis  in  fracture  of  a  single  bone,  or  in  an  impacted 
fracture,  are  necessarily  most  seriously  increased  if  there  be  much  extravasation 
of  blood ;  or,  when  the  fracture  is  thi-ough  an  articular  end,  if  there  should 
be  much  effusion  into  the  neighbouring  joint.  In  these  cases  of  doubt  it  is 
wiser  to  put  up  the  Hmb  as  if  there  were  a  fracture,  and  to  wait  for  the 
subsidence  of  the  swelling  before  the  diagnosis  is  finally  made.  It  is  far 
better  to  put  up  an  unbroken  limb  unnecessarily  than  to  neglect  to  put  it  up 
if  fractured. 

As  has  already  been  stated,  the  existence  of  a  fracture  when  compound,  and 
more  particularly  if  comminuted,  is  usually  readily  detennined.   Here,  the  great 
mobility,  the  protrusion  of  fragments  or  splinters,  and  the  easily  produced 
crepitus,  will  seldom  allow  the  Surgeon  to  be  in  error.    Should  any  doubt 
exist,  the  introduction  of  the  finger  into  the  wound  will  enable  him  to 
determine  with  certainty,  not  only  the  existence,  but  the  condition  and  extent 
of  the  fracture  ;  but  on  no  account  must  a  probe  or  metal  instrument  of  any 
kind  be  used,  or  a  simple  fr-acture  complicated  with  a  wound  may  accidentally 
be  made  compound  ;  nor  should  the  finger  ever  be  introduced  without  first 
thoroughly  purifying  it  with  some  efficient  antiseptic  solution.  Nevertheless, 
with  all  the  assistance  that  may  thus  be  afforded,  the  existence  of  a  bad 
compound  and  comminuted  fracture  may  be  unsuspected  for  many  days 
even  though  most  careful,  examinations  have  been  made  with  the  view ; of 
ascertaining  its  presence.    Of  this  important  fact,  which  may  have  weighty 
bearings  in  medico-legal  investigations,  the  following  case  is  a  good  illustra- 
tion.   A  young  man  was  shot  with  a  wooden  ramrod  through  the  left  hand 
and  shoulder,  by  the  accidental  explosion  of  his  gun  whilst  he  was  loading  it. 
The  ramrod  struck  the  humerus  three  inches  below  the  shoulder-joint,  full 
on  its  fore  part.    It  was  splintered  against  the  bone,  the  fragments  passing 
on  each  side,  and  mostly  escaping  through  two  apertures  of  exit  posteriorly  ; 
some  passing  to  the  inner  side  between  the  large' vessels  and  the  bone,  the 
others  to  the  outer  side  between  it  and  the  deltoid.    The  patient  was 
brought  to  the  Hospital,  where  I  saw  him  a  few  hours  after  the  mjury, 
and,  enlarging  the  wounds,  extracted  a  number  of  sphnters  of  the  ramrod 
from  around  the  bone.    The  limb  was  carefully  examined,  not  only  by  me, 
but  by  several  other  Surgeons  present,  to  determine  whether  the  bone  had 
been  fractured,  or  the  joint  iujured.    There  was  no  sign  of  fracture  to  be 
detected— no  shortening,  no  mobility,  no  crepitus,  no  iueiiuality  when  the 
fingers  were  freely  passed  into  the  wounds,  no.  displacement  at. all.    As  no 


526 


FRACTURES. 


frac  ure  appeared  to  exist,  the  limb  was  laid  on  a  pillow,  and  in-i-atiou 
eraploycd.  Septic  cellulitis  set  in,  fbllowed  by  extensive  and  deep  suppura- 
tion in  the  hrab.  On  examining  this,  with  the  view  of  givinj^  a  free  exit  to 
the  discharges,  eight  days  after  the  accident,  displacement  and  crepitus  were 
for  the  first  time  found,  and  it  became  evident  that  the  humerus  had 
sustained  a  comminuted  fracture.  The  patient  died  of  pyemia ;  and  after 
death  the  bone  presented  the  appearance  here  shown  (Fig.  ]  73),  a  long  splinter 
having  been  detaol]ed  in  a  longitudinal  direction,  a  b,  and  the  shaft  broken 
across  at  c.  Here,  then,  was  not  only  a  compound,  but  a  comminuted 
fracture,  detected  for  the  first  time  a  week  after  the 
infliction  of  the  injury.  It  appeared  probable  that 
the  blow  of  the  ramrod  had  fractured  the  bone  longi- 
tudinally, detaching  the  large  splinter,  which  had 
become  impacted  ;  and  that  the  shaft  still  held  to- 
gether by  a  narrow  bridge  of  bone  at  c,  which  being 
broken  across  subsequently  in  moving 
the  limb,  now^  become  heavy  with  in- 
flammatory infiltration,  led  to  the  short- 
ening of  the  limb  and  the  lateral  dis- 
placement of  the  fragments. 

IJNioif  OF  Fractured  Bone. — A 
fractured  bone  is  ultimately  united  by 
the  formation  of  new  bone  around, 
■within,  and  lastly  between  the  frag- 
ments. In  certain  fractures  in  which 
the  fragments  cannot  be  brought  into 
accurate  apposition,  as  in  those  of  the 
patella  and  olecranon,  union  is  effected 
by  fibrous  tissue,  and,  under  various 
abnormal  or  constitutional  conditions 
that  will  be  hereafter  considered,  the 
same  form  of  union  may  occur  in  any 
part  of  the  body. 

The  new  bone  that  constitutes  the 
bond  of  union  is  termed  Callus.  In 
most  cases  a  larger  quantity  of  this  is  developed  than  is  permanently  left. 
This  temporary  formation  of  bone  goes  by  the  name  of  the  provisional 
callus.  It  is  formed  partly  external  to  the  fracture,  encasing  the  broken 
ends,  and  partly  in  the  medullary  canal,  so  as  to  include  the  fragments 
between  layers  of  new  bone,  and  thus  maintain  them  in  contact.  That  which 
is  permanently  left,  and  which  intervenes  between  the  broken  ends,  is  called 
the  definitive  callus.  The  process  of  union  varies  somewhat  in  simple  and 
in  compound  fractures. 

Union  of  Simple  Fractures. — Our  knowledge  of  the  production  of  callus 
and  the  mode  of  union  of  a  broken  bone  is  derived  from  experiments  on 
animals,  but  there  is  no  doubt  that  the  process  is  essentially  the  same  in  man, 
slightly  modified  in  some  cases  by  the  more  perfect  immobility  which  is  ob- 
tained by  treatment  in  the  human  subject.  The  subject  has  been  investigated 
by  numerous  observers  for  the  last  150  years,  amongst  whom  the  following  are 
perhaps  the  most  important :  Duhaniel,  Haller,  Bordenave,  John  Huutex, 


Fig.  173.— Commi- 
nuted Fracture 
of  the  Humerus 
without  dis- 
placement. 


Fig.  174. — Fractured  tibia  from 
a  dog  on  the  tenth  day. 
Showing  the  external  aiid 
internal  provisional  callus. 
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Dupuytrou,  Breschet,  Yillerme,  Stanley,  Paget,  Billroth,  Gurlt,  and  Bajardi. 
All  observers  may  be  said  to  be  more  or  less  closely  agreed  as  to  the  coarser 
chano-es  observed  in  the  union  of  a  bone,  but  there  is  still  considerably 
diffei-ence  of  opinion  with  regard  to  the  essential  nature  of  the  process  and  the 
histological  appearances  accompanying  it. 

The  process  of  union  of  a  broken  bone,  as  it  is  observed  experimentally  in 
an  animal,  may  be  divided  into  distinct  stages.  First,  the  period  of  inflam- 
mation and  exudation  lasting  from  the  time  of  fracture  to  about  the  end  of 
the  third  day.  Secondly,  the  period  of  growth  of  the  soft  provisional  callus 
externally  fi-om  the  periosteum  and  surrounding  structures,  and  internally  in 
the  medulla  ;  this  lasts  till  about  the  tenth  to  the  fourteenth  day.  Thirdly, 
the  period  of  ossification  of  the  provisional  callus,  lasting  to  about  the  end  of 
the  fourth  or  fifth  Aveek.  Fourthly,  the  period  of  the  formation  and  ossifica- 
tion of  the  definitive  callus  between  the  actual  broken  ends  of  the  bone.  Thi? 
commences  after  the  provisional  callus  has  become  firm,  and  is  not  completed 
till  a  late  period.  Lastly,  the  excess  of  callus  is  absorbed,  and  any  irregu- 
larities are  rounded  off.  This  is  not  completed  till  many  months  after  the 
bone  has  been  firmly  united.    These  processes  must  now  be  considered  more 

in  detail.  .        .  _ 

If  the  part  be  examined  within  a  few  hours  of  the  fractm-e,  it  will  be  found 
to  be  surrounded  by  an  abundant  extravasation  of  blood  ;  this  not  only  sur- 
rounds the  actual  fracture,  but  extends  some  distance  in  the  intermuscular 
spaces  of  the  limb,  and  ft-equently  also  in  the  areolar  tissue  beneath  the  deep 
fascia.  The  muscles  which  lie  in  close  contact  with  the  bone,  or  arise  from  it, 
at  the  point  of  fracture,  are  more  or  less  extensively  lacerated  ;  the  periosteum 
is  as  a  rule  completely  torn  through,  and  separated  from  the  broken  ends  for  a 
shoi-t  distance  on  one  or  both  sides,  leaving  a  ragged  edge.  In  some  cases  the 
periosteum  on  one  side  may  be  intact,  and  it  is  said  to  have  been  found  untorn 
even  in  complete  fractures.  As  a  rule  it  remains  uninjured  over  a  simple, 
fissure.  Blood  will  be  found  extravasated  also  in  the  medullary  canal  mixed 
up  with  the  fat. 

The  Period  of  Inflammation  and  Exudation.-— first  changes  observed 
after  the  injury  are  Ihe  ordinary  signs  of  inflammation— hypersemia,  swelling, 
and  abundant  exudation.  This  affects  the  whole  of  the  injured  soft  parts,  so 
that  by  the  third  or  fourth  day  the  fracture  will  be  found  to  be  surrounded  by 
a  greyish- red,  soft  mass,  not  sharply  defined,  but  infiltrating  the  neighbouring 
tissues  ;  the  torn  ends  of  the  muscles  are  pale  in  colour  ft-om  the  exudation 
between  the  fibres  ;  the  areolar  tissue  is  no  longer  clearly  recognizable,  its 
spaces  being  filled  by  the  coagulated  inflammatory  exudation  ;  the  outer  layer 
of  the  periosteum  is  in  Hke  manner  swollen  and  scarcely  recognizable,  and 
the  inner  layer  is  so  soft  and  swollen  as  to  be  almost  gelatinous  ;  the  whole 
membrane  can  be  stripped  from  the  bone  with  unnatural  ease  for  some 
distance  Irom  the  seat  of  fracture.  In  the  midst  of  the  exudation,  patches  of 
unaltered  blood-clot  will  still  be  seen,  but  a  great  part  of  the  extravasation  in  the 
immediateneighbourhoodof  the  fracture  will  havealready  been  partly  discoloured. 

Microscopic  examination  at  this  stage  shows  the  usual  appearances  of  m- 
flamraatiou  ;  the  vessels  are  distended  with  'blood,  and  all  the  spaces  of  the 
tissues  are  filled  with  wandering  white  corpuscles,  either  closely  in  contact 
with  each  other,  or  separated  by  a  small  quantity  of  homogeneous  or  fibrinoUB. 
intercellular  substance. 
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In  tlie  medulla  the  fab  has  disajjpearcd  ft-om  the  immediate  neighbourhood 
of  the  injiiiy,  and  its  place  is  taken  by  an  exudation  similar  bo  that  lying 
Externally. 

•  The  groiuth  of  the  soft  provisional  callm. — ^Uuring  this  stage  the  excess  of 
the  early  inflammatory  exudation  and  the  remainder  of  the  blood-clot  in  the 
iieighbonrhood  of  the  injury  is  absorbed,  and  there  is  gradually  developed 
round  the  ends  of  the  broken  bone  a  fasiform  mass,  holding  them  together 
with  some  degree  of  firmness.  At  first  this  is  soft,  almost  jelly-like,  and  homo- 
geneous in  appearance,  and  the  ragged  ends  of  the  torn  periosteum  become  lost 
in  it.  It  then  gradually  increases  in  fii-mness,  till  at  last  it  becomes  of  carti- 
4aginous  density,  and  in  animals,  becomes  actually  converted  into  cartilage, 
^he  microscope  shows,  during  this  stage,  that  the  soft  mass  at  first  formed 
presents  the  ordinary  appearances  of  granulation-tissue  in  the  greater  part  of 
•its  extent ;  near  the  surface  muscular  fibres  or  bands  of  fibrous  tissue  may  be 
found  mixed  with  it,  showing  that  it  is  not  formed  solely  from  the  periosteum, 
but  also  from  the  surroanding  parts.  Close  to  the  bone,  however,  from  a  very 
early  period,  about  the  third  or  fourth  day,  cells  are  found  of  larger  size  than 
those  of  ordinary  granulation-tissue,  having  one  or  more  nuclei,  smTounded 
by  a  finely  granular  protoplasm  ;  they  are  usually  oval  or  spindle-shaped,  or 
sometimes  angular  in  form,  thus  presenting  the  characters  of  osteoblasts.  As 
the  callus  increases  in  density  the  superficial  parts  of  it  undergo  the  ordinary 
changes  of  the  development  of  granulation-tissue  into  fibrous  tissue,  and  thus 
ia  layer  is  formed  which  afterwards  becomes  the  fibrous  part  of  the  new 
periosteum  covering  the  callus.  In  animals  the  greater  part  of  the  soft 
callus  becomes  developed  into  cartilage.  A  homogeneous  ground-substance 
forms  between. the  cells,  which  now  assume  a  sharply  defined  outline.  The 
cartilage-formation  is  most  perfect  in  the  immediate  neighbourhood  of  the 
broken  ends  of  the  bone  ;  at  the  point  most  removed  from  the  fracture,  where 
the  new  tissue  is  exposed  to  the  smallest  degree  of  disturbance  by  any  acci- 
dental movement,  lime-salts  are  deposited  in  the  ground-substance  around 
the  osteoblasts  without  any  true  development  of  cartilage.  Similar  changes 
occur  in  the  medullary  canal,  true  cartilage  being  formed  only  at  the  immediate 
seat  of  fracture. 

The  complete  os><ification  of  tlie  provisional  callus. — The  formation  of  new 
bone  in  the  soft  callus  commences  by  the  appearance  of  yellowish-white  points 
lOY  streaks,  first  seen  in  the  part  in  contact  with  the  bone  at  the  point  furthest 
removed  from  the  scat  of  fracture.  These  points  and  strealcs  gradually  iu- 
'crease  till  the  callus  becomes  converted  into  soft  spongy  bone,  containing  wide 
cancellous  spaces  filled  with  red  ^'ascular  medullary  tissue.  The  ossification 
■gradually  spreads  from  above  and  below,  towards  the  seat  of  fracture,  till  the 
process  of  conversion  of  the  soft  callus  into  bone  is  complete.  The  changes 
•that  occur  within  the  medullary  canal  are  of  the  same  character.  The  new 
fcone  thus  formed  differs  from  normal  comjiact  tissue  in  being  softer,  more 
•vascular  and  spongy.  If  a  longitudinal  section  of  the  bone  be  made,  it  will 
■be  seen  that  the  callus  is  ciovered  by  a  thick  vascular  periosteum  which  can  be 
stripped  off  without  difficulty  ;  it  leaves  the  surface  of  the  callus  rough  and 
'Spongy,  with  wide  Haversian  canals  containing  some  red  medullary  tissue. 
•The  trabeculas  of  the  callus  are  set  at  right  angles,  or  nearly  so,  to  the  surface 
of-  the  compact  bone,  beneath,  from  which  the  callus  can  at  first  be  separated 
•without  dilficulty.    If  this  he  done,  however,  the  surface  of  the  compact  bone 
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is  seen  to  be  slightly  more  spongy  than  natural,  the  openings  of  the  Haversian 
canals  being  enlai'ged. 

Microscopic  observation  shows  that  when  ossification  of  the  callus  takes 
place  without  the  pre\^ous  formation  of  cartilage,  the  cells  most  distant  from 
a  vessel  assume  the  angular  form  of  osteoblasts,  lime-salts  are  deposited  in  the 
ground-substance  between  them,  and  ti-ue  bone  is  developed.  On  the  surface 
of  this  lamella  of  bone  a  layer  of  osteoblasts  remains,  by  the  activity  of  which 
the  process  is  continued,  and  the  space  around  the  vessel  gradually  narrowed, 
till  it  is  reduced  to  the  form  of  a  Haversian  canal.  If  cartilage  have  previously 
formed,  new  vessels  penetrate  it,  both  from  the  bone  beneath  and  from  the 
periosteum,  as  a  preliminary  step  towards  ossification.  The 
ossification  of  the  callus  in  the  medullary  canal  proceeds  in 
the  same  way. 

The  development  and  ossification  of  the  mter'mediaie  or 
definitive  callus  proceed  in  the  same  way  as  in  the  formation 
of  the  provisional  callus.  The  time  at  which  it  forms  will 
depend  greatly  upon  the  perfection  of  the  apposition,  and 
the  immobility  attained  by  treatment.  It  is  evident  that 
no  process  of  repair  can  take  place  between  two  surfaces  of 
compact  bone  so  long  as  they  are  grinding  against  each 
other  at  each  movement  of  the  limb.  The  first  change 
observed  is  an  enlargement  of  the  Haversian  canals.  Tbis 
is  effected  by  the  growth  of  new  cells  within  the  canal. 
These,  according  to  some  pathologists,  are  migratory  white 
corpuscles,  but  according  to  others,  cells  developed  from  the 
medullary  tissue  in  the  Haversian  canals.  Be  this  as  it 
may,  the  bony  wall  of  the  canal  is  absorbed  before  the  new 
cells.  As  soon  as  the  opposing  fragments  are  put  at  perfect 
rest  the  new  cells  sprout  out  from  the  canals  on  each  side 
and  fill  the  space.  Ossification  then  proceeds  in  the  new 
tissue  thus  formed,  but  without  the  previous  formation  of 
cartilage. 

The  absorption  'of  the  provisional  callus  forms  the  final 
stage  of  repair  of  a  fracture.  At  first  the  porous  callus  becomes  more  compact, 
harder,  and  less  vascular,  and  as  the  change  takes  place  it  becomes  more  inti- 
mately connected  with  the  old  bone  which  it  now  closely  resembles  in  structure. 
This  hardening  is  most  marked  in  the  deeper  layers  in  contact  with  the  old  bone, 
and  as  it  takes  place  absorption  goes  on  in  the  part  next  the  periosteum,  which 
at  the  same  time  becomes  smooth  and  even.  In  the  medullary  canal  the  new 
bone  becomes  more  and  more  cancellous  in  its  structure,  and  finally  there  may 
be  complete  restoration  of  the  medullary  canal,  though  this  is  undoubtedly  rare. 
The  absorption  of  the  callus  is  never  complete,  some  thickening  permanently 
remaining  at  the  seat  of  fracture,  however  perfect  the  apposition  and  rest  may 
have  been.  Any  irregular  points  of  bone,  that  may  have  been  projecting 
after  the  union,  become  gradually  absorbed  and  rounded  off.  These  final 
processes  are  not  completed  for  a  year  or  more  after  the  fracture  has  been 
united. 

Thus,  it  will  be  seen  that  the  process  is  analogous  in  every  way  to  repair  of 
a  wound  by  the  first  intention.  First  there  is  the  exudation  resulting  from 
the  simple  traumatic  inflammation,  the  effect  of  the  mechanical  violence  ;  then 


Fio;.  175.  —  Fracture 
of  Tibia  with  pro- 
visional callus. 
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follows  the  development  of  a  vascular  tissue,  composed  of  indifferent  embryonic 
cells  or  granulation-tissue  ;  this  develops  into  the  form  of  connective  tissue 
natural  to  the  part ;  and  finally  the  obliteration  of  vessels  and  consolidation 
of  the  cicatricial  tissue  occur,  as  in  the  formation  of  a  scar  in  the  soft  parts. 
The  same  questions  are  in  dispute  in  the  union  of  fractured  bones  as  in  the 
repair  of  other  tissue,  namely,  what  part  is  taken  by  the  white  corpuscles  in 
the  formation  of  the  new  tissue,  and  what  is  the  exact  fate  of  the  blood-clot  ? 
One  point  with  regard  to  the  blood-clot  should  be  remembered,  as  it  might  be 
of  importance  in  mcdico-Iegal  enquiries.  Although  it  completely  disappears 
from  the  immediate  neighbourhood  of  the  fracture  at  an  early  period,  layers  of 
dark  coagulum  may  often  be  found  beneath  the  superficial  fascia  for  four  weeks 
or  more  after  the  accident. 

The  process  above  described,  although  essentially  the  same  in  man,  differs 
much  in  its  details.  It  is  slower,  and  the  formation  of  callus  is  as  a  rule 
less  abundant.  If  the  fi-acture  be  well  treated,  it  may  in  fact  be  almost 
wanting,  union  apparently  taking  place  by  the  direct,  or  almost  direct, 
formation  of  the  definitive  or  intermediate  callus.  Histologically,  the  most 
important  difference  is  that  in  man,  as  a  rule,  the  formation  of  cartilage 
does  not  occur.  It  has,  however,  been  met  with  in  the  union  of  bones  in 
children,  and  it  is  always  found  in  a  uniting  rib,  but  even  here  it  is  seldom 
pure,  the  ground-substance  being  usually  fibrous.  Possibly  the  formation  of 
cartilage  in  the  rib  may  be  due  to  the  impossibility  of  fixing  the  injured  bone, 
owing  to  the  movements  of  respiration.  In  animals,  the  purest  cartilage  is 
found  exactly  opposite  the  seat  of  fracture,  where  there  will  necessarily  be  the 
greatest  disturbance  fr'om  movement. 

Modification  of  Union  of  Simple  Fracture. — The  amount  of  callus 
formed  in;  the  union  of  a  bone  varies  considerably.  It  is  greater  in  children 
than  in  adults.  In  transverse  fractures  which  are  kept  steadily  in  apposition, 
but  little  callus  is  formed  ;  externally  it  may  be  scarcely  perceptible,  and 
internally  it  may  be  merely  a  thin  tube  not  obliterating  the  medullary  canal. 
It  is  greater  in  those  bones  and  those  parts  of  a  bone  which  are  thickly 
covered  by  soft  parts,  being  formed  as  before  stated  not  only  from  the  perios- 
teum and  bone,  but  also  from  the  surrounding  tissues.  The  influence  of  the 
neighbom'ing  soft  parts  in  determining  the  formation  of  new  bone  is  well 
marked  in  the  tibia.  In  a  fracture  of  this  bone  we  find  that,  at  the  anterior 
and  inner  part,  which  is  thinly  covered,  union  takes  place  by  the  direct  forma- 
tion of  intermediate  callus  ;  but  at  the  posterior  and  outer  side,  where  there 
is  a  thick  envelopment  of  tissue,  a  large  mass  of  provisional  callus  will  often 
be  found,  filling  up  even  the  interosseous  space.  Occasionally  we  find  that 
the  inflammation  set  up  around  a  fracture  has  extended  to  a  neighbouring 
bone,  and  caused  a  formation  of  new  bone  upon  it. 

The  formation  of  callus  is  also  greatly  influenced  by  the  nature  of  the  frac- 
ture. If  the  fr'acture  be  comminuted  and  the  fragments  displaced,  there  may 
be  an  abundant  formation  round  the  splintered  fragments  welding  them 
together.  If  there  be  great  displacement,  one  end  riding  i'ar  over  the  other, 
the  callus  will  be  found  chiefly  between  the  two  fragments,  connecting  them 
together  by  a  bridge  of  bone.  So  also,  in  cases  of  great  angular  deformity, 
when  the  final  process  of  partial  absorption  and  moulding  of  the  new  l)one  has 
taken  place,  a  larger  amount  is  left  in  the  angle,  partly  filling  it  up,  and  form- 
ing a  sort  of  buttress  to  strengthen  the  bent  bone.  Lastly,  the  amount  of  callus 
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is  inflneiieed  very  greatly  by  treatment ;  the  more  perfectly  rest  is  maintained, 
the  smaller  will  be  the  amount  of  callus  formed. 

Union  of  a  separated  Ejnphijsis  takes  place  in  the  same  way  as  union  of  a 
transverse  fracture.  It  almost  invariably  causes  complete  ossification  of  the 
epiphysial  cartilage  and  consequent  arrest  of  growth  from  that  end  of  the 
bone. 

Clinical  Course  of  a  Simple  Fracture. — The  great  majority  of  simple 
fractures  of  the  larger  bones  are  followed  by  slight  febrile  disturbance.  This 
is  very  rarely  sufficient  to  give  rise  to  the  general  symptoms  of  fever,  such  as 
heat  of  skin,  thirst,  headache,  &c. ;  in  fact  without  the  thermometer  its  exist- 
ence could  seldom  be  recognized.  The  temperature  rarely  exceeds  101°  F., 
and  in  fact  seldom  reaches  this  point,  unless  there  be  considerable  tension  of 
the  limb  from  extravasated  blood.  The  nature  and  causes  of  the  fever  which 
accompanies  simple  fractures  has  already  been  discussed  (see  p.  296).  The 
temperature  usually  becomes  normal  about  the  end  of  the  first  week,  and  from 
that  time  to  the  end  of  the  case  the  patient  suffers  from  no  disturbance  of 
health  save  such  as  may  be  caused  by  want  of  exercise  if  the  fracture  be 
situated  in  the  lower  limb. 

TREATMENT    OP  FRACTURE. 

The  treatment  of  a  simple  fracture  uncomphcated  in  any  way  is  a  very 
simple  business.  All  that  the  Surgeon  has  to  do  is  to  place  the  fragments  in 
proper  position  and  in  good  apposition,  and  to  retain  them  there,  and  to  attend 
to  the  general  health  of  the  patient  on  ordinary  principles.  Nature  does  the 
rest.  In  no  way  can  the  Surgeon  accelerate  the  processes  or  improve  upon 
them,  but  by  meddlesome  treatment  he  may  do  much  to  retard  and  disturb 
them. 

Constitutional  Treatment  in  simple  fractures  requires  but  a  very  few 
words  of  explanation.  As  a  rule,  the  general  habits  of  life  should  be  interfered 
with  as  little  as  possible.  In  uncomplicated  fractures  of  the  upper  extremities, 
more  especially  in  the  young,  rest  in  bed  is  rarely  necessary.  The  patient  may 
be  allowed  to  move  about  moderately  with  the  limb  supported  on  proper  appa- 
ratus. In  fractures  of  the  lower  extremities,  with  few  exceptions,  confinement 
to  bed,  during  part  of  the  treatment  at  least,  is  unavoidable.  In  these  cases 
the  diet  may  be  somewhat  reduced,  and  aperients  will  usually  be  required 
during  the  first  week  or  ten  days.  After  this  the  usual  habits  of  life  may  be 
resumed. 

In  old  persons  the  enforced  confinement  to  bed  and  tlie  sudden  interruption 
of  the  ordinary  habits  of  life,  as  well  as  the  shock  to  the  system,  are  apt  to 
exercise  an  injurious  and  sometimes  a  fatal  effect.  In  these  cases  there  are 
two  dangers  to  apprehend,  viz.,  hypostatic  congestion  of  the  lungs  and  the 
formation  of  bed-sores.  Both  are  avoided  by  propping  the  patient  up  in  bed, 
the  use  of  water  or  air  cushions,  and  change  of  posture  as  far  as  practicable. 
It  is  necessary  to  see  that  the  bed  is  very  smooth  and  firm,  without  creases  ; 
that  all  crumbs  be  swept  away  daily  ;  and  that  scrupulous  attention  be  paid  to 
cleanliness  after  the  use  of  the  bed-pan.  Good  diet  and  a  fair  allowance  of 
stimulants  are  needed  in  these  cases.  The  early  use  of  the  starched  or  plaster- 
of-Paris  bandage  is  of  great  service  in  enabling  the  patient  bo  get  up  sooner 
than  would  otherwise  be  possible. 

In  all  cases  of  simple  fracture  of  the  lower  extremities,  the  sooner  the  patient 
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is  got  up  aud  about  on  crutches  the  Letter.  Some  patients  speedily  learn  to 
use  these  instruments,  others  never  get  accustomed  to  their  use.  In  the  latter 
case,  a  wheel-chair  should  be  substituted  for  them. 

Surgical  Treatment  of  Simple  Fracture. — In  conducting  the  treatment 
of  a  fracture,  the  object  of  the  Surgeon  should  be  not  only  to  obtaiu  a  sound 
and  strong  limb,  but  one  that  presents  as  little  deformity  as  possible.  In 
order  to  accomplish  this,  the  broken  ends  of  the  bone  must  be  brought  into  as 
perfect  apposition  as  possible,  and  the  recurrence  of  displacement  must  be 
prevented. 

It  frequently  happens  that  a  Surgeon  is  called  to  a  case  of  fracture,  either 
immediately  after  the  accident  before  the  patient  has  been  moved,  and  without 
being  informed  of  the  nature  of  the  case.  It  is  then  his  duty  to  superintend 
the  moving  of  the  patient,  and  to  see  that  it  is  done  as  far  as  possible  pain- 
lessly and  without  increasing  the  injury  to  the  soft  parts  by  needless  move- 
ment of  the  limb.  For  this  purpose  temporary  splints  may  Ije  appUed  outside 
the  patient's  clothes,  and  secured,  in  the  absence  of  bandages,  by  pocket- 
handkerchiefs  tied  round  the  limb.  A  couple  of  walking-sticks  or  umbrellas, 
or  the  handle  of  a  broom,  may  thus  be  applied  to  the  thigh  or  leg  ;  or  a 
splint  cut  from  the  cover  of  a  book  to  the  arm.  Newspapers  folded  several 
times  till  they  form  a  mass  of  sufficient  stiffness  make  excellent  temporary 
splints. 

If  the  patient  have  been  already  moved  and  is  upon  a  bed,  the  limb  must 
be  placed  in  such  a  position  as  to  give  the  greatest  general  relaxation  of  the 
muscles.  Thus  the  lower  limb  must  be  flexed  and  placed  on  its  outer  side 
with  a  thin  pillow  under  the  knee.  In  fractures  of  the  upper  limb  the  arm 
should  lie  by  the  side  with  the  forearm  flexed.  The  patient  is  thus  made  as 
comfortable  as  possible,  while  the  necessary  preparations  are  being  made  for 
the  definite  treatment  of  the  fracture.  If  the  case  be  one  of  severe  fractm-e  of 
the  upper  extremity,  or  of  any  kind  in  the  lower  limbs,  the  Surgeon  must  see 
that  the  bed,  on  which  the  patient  may  have  to  remain  for  some  weeks, 
is  properly  prepared,  by  being  made  hard,  flat,  aud  firm,  and,  if  possible, 
.covered  with  a  horse-hair  mattress.  The  Surgeon  must  then  superintend 
the  removal  of  the  patient's  clothes,  having  them  ripped  along  the  seams, 
so  that  they  may  be  taken  olf  with  as  little  disturbance  as  possible  to  the 
injured  part.  He  next  proceeds  to  the  examination  of  the  broken  limb,  using 
every  possible  gentleness  consistent  with  acquu-ing  a  proper  knowledge  of  the 
fracture.  After  he  has  satisfied  himself  upon  this  point,  the  Ihnb  should  be 
again  placed  in  a  comfortable  position,  until  any  necessary  apparatus  has 
been  prepared. 

Reduction.— When  aU  has  been  got  ready,  the  reduction  of  the  fracture,  or 
the  bringing  the  fragments  into  proper  apposition,  must  be  proceeded  with. 
This  should,  if  possible,  be  done  at  once,  not  only  lest  any  displacement 
that  exists  may  continue  permanently— the  muscles,  after  a  few  days,  becoming 
shortened,  rigid,  and  unyielding,  not  allowing  reduction  to  be  effected  without 
the  employment  of  much  force— but  also  with  the  view  of  preventing  irritation 
and  mischief  to  the  li^nb,  by  the  projection  of  the  sharp  and  jagged  ends  of 
bone  into  the  soft  structures.  A  great  deal  of  time  is  sometimes  lost,  and 
much  unnecessary  pain  inflicted  upon  the  patient,  and  great  irritation  set  up 
in  the  limb,  by  the  Surgeon  leaving  the  fracture  unreduced  on  a  pillow  for 
several  days,  and  applying  evaporating  lotions  to  take  down  the  swelling  and 
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avert  the  threatened  inflammation,  which  are  consequences  of  the  non- 
reduction  of  the  broken  bone.  The  application  of  cold  lotions,  irrigation,  &c., 
in  compound  or  even  in  simple  fractures,  is  decidedly  injurious.  It  lowers  the 
vitality  of  the  part,  retards  union,  and  occasions  oedema.  By  early  reduction 
we  may  sometimes  prevent  a  sharp  fragment  from  perforating  the  skin,  and 
thus  rendering  a  simple  fracture  compound,  or  lacerating  muscles  and  nerves, 
inducing  perhaps  traumatic  delirium  and  certainly  undue  local  inflammatory 
and  spasmodic  action. 

In  effecting  reduction  of  a  fracture  our  principal  diflBiculty  is  caused  by  the 
action  of  the  muscles  of  the  part.    This  may  usually  be  overcome  by  relaxing 
the  chief  displacing  muscles  by  position,  and  as  soon  as  this  is  done,  the  frag- 
ments will,  in  most  cases,  naturally  fall  into  place.    In  the  reduction  of 
ordinary  fractures,  no  force  is  necessary  if  proper  attention  be  paid  to  the 
relaxation  of  the  muscles  chiefly  concerned  in  producing  the  deformity.  In 
impacted  fractures  it  is  occasionally  necessary  to  use  force  in  order  to  dis- 
entangle the  fragments,  but  this  is  the  only  form  of  fracture  in  which  its 
employment  is  justifiable.    In  effecting  the  reduction,  not  only  must  the  length 
of  the  limb  be  restored,  but  its  natural  curves  must  not  be  obhterated  by 
making  it  too  straight.    Muscular  action  being  the  chief,  and,  in  most  cases, 
the  only  obstacle  to  reduction,  it  would  seem  the  most  natural  way  to  over- 
come the  difficulty  to  administer  an  anaesthetic,  which  would  at  the  same 
time  save  the  patient  the  severe  pain  usually  attending  the  setting  of  a  broken 
bone.   It  is  a  rule,  however,  in  reducing  a  simple  fracture,  to  avoid  anesthetics. 
We  never  can  tell  beforehand  whether  the  patient  will  become  quietly  insensible, 
or  whether  insensibility  will  be  preceded  by  a  Aaolent  fit  of  struggling,  during 
which  there  would  be  the  greatest  possible  danger  of  a  simple  fracture  being 
made  compound.    If  from  any  reason,  such  as  the  nervousness  of  the  patient, 
or  the  difficulty  in  overcoming  the  muscular  action  by  position,  it  becomes 
necessary  to  give  an  anaesthetic,  there  must  be  plenty  of  assistants  at  hand 
to  restrain  the  patient  if  necessary.    The  hmb  must  then  be  put  in  the  best 
position  possible,  and  firmly  supported  by  splints  rather  tightly  applied. 
"\Yhen  everything  is  ready  the  injured  hmb  must  be  confided  to  the  charge  of 
one  assistant  only.    If  two  attempt  to  hold  a  leg,  one  by  the  foot  and  the 
other  by  the  knee,  they  may  cause  the  very  mischief  it  is  intended  to  prevent. 

Conway,  of  New  York,  has  succeeded  in  preventing  the  severe  pain  that 
accompanies  the  reduction  of  a  fracture  by  means  of  cocaine.  In  a  case 
of  fractured  radius  he  injected  with  a  hypodermic  syringe  3  mmims  of  a 
4  per  cent,  sterihzed  solution  of  cocaine  between  the  broken  ends,  and  a  few 
minutes  later  14  minims,  part  deeply  and  part  superficially.  Immediately 
after  the  last  injection  he  applied  a  tourniquet  to  the  arm  above  the  elbow. 
In  five  minutes'  the  limb  could  be  manipulated  without  pain.  The  antfisthesia 
lasted  for  half  an  hour  while  the  tourniquet  was  on,  but  disappeared  m  15 
minutes  after  its  removal. 

Prevention  of  Return  of  Displacement.— After  the  reduction  has  been 
accomphshcd,  means  must  be  taken,  to  prevent  the  return  of  the  displacement. 
We  have  already  seen  that  the  three  great  causes  of  displacement  in  a  fracture 
are,  external  violence,  the  weight  of  the  limb,  and  the  contraction  of  the 
muscles.  In  the  upper  limb  the  weight  is  supported  during  the  treatment 
of  the  ft-acture  when  necessary  by  slings  or  properly  applied  bandages.  In 
the  lower  hmb  the  chief  displacement  due  to  the  weight  of  the  limb  is  rotation 
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outwards  ;  this  is  prevented  by  latei-al  splints.  The  displacements  due  to 
muscnlar  action  are  far  the  inost  troublosome,  for,  if  tlie  parts  be  left  to  them- 
selves, the  involuntaiy  movement  of  the  patient  will  be  certain  to  bring 
about  a  return  of  the  faulty  position.  In  many  cases  it  is  exceedingly  difficult, 
for  the  first  few  days,  to  keep  the  ends  of  the  bone  in  place,'in,consequence  of 
spasmodic  contractions  of  the  muscles  of  the  liml),  or  of  restlessness  on  the  part 
of  the  patient.  About  this,  however,  the  Burgeon  need  not  be  anxious,  as  no 
union  takes  place  for  the  first  week  or  ten  days  ;  at  the?expiration  of  that 
time  the  muscles  will  probably  have  lost  their  irritability,  and  the  patient 
have  become  accustomed  to  his  position,  so  that  Avith  a  little  patience,  or  by 
varying  the  apparatus  and  the  position  of  the  limb,  good  apposition  may  Ije 
obtained. 

The  displacements  due  to  muscular  action  are  overcome  in  two  ways  which 
may  be  used  together  or  separately — relaxation  and  extension.  The  prin- 
ciple of  relaxation  was  first  laid  down  by  Percival  Pott.  It  consists  merely 
in  placing  the  limb  in  such  a  position  as  to  relax  the  chief  disturbing  muscles 
to  the  greatest  possible  extent.  There  is  no  doubt  it  is  of  the  greatest  value 
in  the  treatment  of  the  majority  of  broken  bones.  Extension  consists  in 
applying  an  apparatus  by  which  the  lower  fragment  is  forcibly  pulled  in  the 
direction  opposite  to  that  in  which  the  muscles  are  displacing  it.  In  order  to 
apply  it  efficiently,  counter-extension  must  be  made  upon  some  part  of  the 
body  above  the  fracture.  Extension  is  usually  made  by  the  Surgeon  pulling 
forcibly  on  the  lower  fragment,  the  apparatus  being  used  merely  to  retain  the 
limb  in  the  position  in  which  he  has  placed  it  ;  in  some  cases,  however,  elastic 
extension  is  applied  during  the  subsequent  treatment  by  means  of  india- 
rubber.  Considering  the  great  power  of  the  muscles,  it  is  evident  that  in 
many  parts  it  would  be  almost  impossible  to  apply  sufficient  force  to  overcome 
the  displacement  to  which  they  give  rise.  It  seems,  however,  that  long- 
continued  and  steady  extension  gradually  tires  out  the  muscles  in  such  a  way 
that  they  yield  to  it.  Extension  to  be  efficient  should  therefore  be  constant. 
Extension  is  of  course  most  useful  against  longitudinal  disj)lacement,  but  it 
also  aids  in  the  reduction  of  angular  deformity.  As  types  of  the  application 
of  these  two  principles,  the  treatment  of  fracture  of  the  thigh  by  the  double 
inclined  plane,  and  by  the  long  splint,  may  be  referred  to. 

A  third  method  of  overcoming  muscular  action  has  been  suggested  :  the 
division  of  the  tendons  of  some  of  the  stronger  muscles  inserted  into  the 
lower  fragment.  This,  however,  can  very  rarely  be  necessary,  and  in  those 
cases  in  which  I  have  done  it,  or  seen  it  done,  no  material  benefit  has  resulted. 
The  displacement  due  to  the  external  violence  which  caused  the  fracture  is 
overcome  at  the  time  of  reduction  ;  any  further  displacement  from  external 
causes  is  prevented  by  the  application  of  the  various  splints  about  to  be 
described. 

The  return  of  displacement  is  prevented,  and  the  proper  shape  and  length  of 
the  limb  are  maintained,  by  means  of  landafjes,  S2)lmls,  and  sj>ecial  apparafus 
of  various  kinds.  In  applying  these  care  should  be  taken  not  to  exert  any 
undue  pressure  on  the  limb.  Pads  and  compresses  of  all  kinds  intended  to 
force  the  bone  into  position  by  pressing  on  the  projecting  fragment,  should, 
if  possible,  be  avoided  ;  they  do  nothing  that  cannot  be  effected  by  proper 
position,  and  may  occasion  serious  mischief  by  inducing  sloughing  of  the 
integuments  over  which  they  are  ap])lied. 
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The  Bandages  used  in  the  application  of  splints  and  other  apparatus  to 
fractures  should  be  the  ordinary  grey  calico  rollers,  about  two  or  three  inches  in 
width,  and  eight  yards  in  length.    In  applying  them,  especial  care  must  be 
taken  that  the  turns  press  evenly  upon  every  part,  and  that  the  bandage  be  not 
applied  too  tightly  in  the  first  instance.    No  bandage  should  be  applied  under 
the  splints,  more  particularly  at  the  flexures  of  joints,  and  care  must  be  taken 
that  the  limb  be  not  bent,  or  its  position  otherwise  materially  altered,  after 
bandages  have  been  applied.    A  bandage  tmder  the  sphnt  is  nob  only  useless, 
but  highly  dangerous,  from  the  risk  of  inducing  strangulation.    No  bandage 
shoukf be' applied  to  the  part  of  the  limb  that  is  the  seat  of  fracture.  The 
part  below  the  fracture  may  be  sometimes  advantageously  bandaged,  in  order 
to  prevent  oedema  ;  thus,  in  fracture  of  the  humerus,  the  forearm  may  be 
bandaged  with  this  view,  but  no  turns  of  the  roller  should  be  brought  above 
the  elbow.    This  point  of  practice  I  consider  most  important,  as  the  applica- 
tion of  a  bandage  to  the  immediate  seat  of  fracture  not  only  causes  great 
pain,  but  danger  of  gangrene.    When  once  a  fractured  limb  has  been  "put 
up,"'  the  less  It  is  disturbed  the  better.    No  good  can  possibly  come  from 
meddling  with  it,  but  a  great  deal  of  pain  must  necessarily  result  to  the 
patient.  °  The  Surgeon  should  always  bear  in  mind  that,  in  the  treatment  of 
a  fractured  bone,  he  can  do  absolutely  nothing  to  promote  its  union,  beyond 
placing  it  in  a  good  and  easy  position.    Nature  solders  the  bone  together  ; 
and  the  less  the  Surgeon  interferes  with  the  natural  processes  of  repair,  the 
more  satisfactorily  will  union  be  accomplished.    But  it  is  requisite  to  examme 
the  limb  from  time  to  time  during  the  treatment,  and  especially  about  the 
second  or  third  week,  when  union  is  commencing,  in  order,  if  necessary,  to 
correct  displacement.    In  the  earher  stages,  supervision  is  necessary  lest  the 
bandage  be  too  tight  ;  and,  if  the  patient  complain  of  any  pain  or  numbness, 
or  if  the  extreme  parts  look  blue  and  feel  cold,  the  bandage  must  be 
immediatelv  removed  ;  for,  though  the  apparatus  may  not  have  been  applied 
tightly,  swelling  of  the  limb  may  come  on  from  various  causes,_to  such  an 
extent  as  to  produce  strangulation  and  consequent  gangrene  of  it,  as  I  have 
seen  happen  in  at  least  three  instances,  in  each  of  which  the  hmb  required 
amputation  (Fig.  180).    It  is  remarkable,  that  the  whole  of  a  limb  will  fall 
into  a  state  of  gangrene  in  these  cu'cumstances,  with  but  little  pain,  and  often 
with  very  slight  constitutional  disturbance,  the  parts  having  their  sensibihty 
deadened  by  the  gradual  congestion  and  infiltration  of  the  tissues.  Before 
applying  the  apparatus  in  a  case  of  fracture,  and  as  often  as  it  is  taken  oft,  it 
is  a  good  plan  to  sponge  the  limb  with  warm  soap  and  water,  which  prevents 
the  itching  that  otherwise  occurs  and  is  sometimes  very  troublesome.  _ 

Splints  of  various  kinds  are  used  in  cases  of  fracture.  Tin,  wire,  zinc,  or 
thin  sheet-iron,  wood,  leather,  "poroplastic  felt,"  and  guttapercha,  are 
the  materials  usually  employed.  Gooch's  splint,  which  is  made  of  narrow 
strips  of  wood  glued  upon  a  sheet  of  coarse  calico,  will  be  found  very  uselul 
in  many  cases,  and  narrow  rods  of  soft  iron  surrounded  by  thick  india-rubber 
tubing,  will  also  often  be  found  very  convenient.  For  some  kinds  ot  fracture, 
special,  and  often  very  complicated  apparatus,  is  very  generally  used  ;  but  the 
Surgeon  should  never  confine  himself  to  one  material,  or  one  exclusive  mode 
of  treating  these  injuries,  as  in  diff-erent  cases  special  advantages  may  be  ob- 
tained from  difierent  kinds  of  splints.  Wood  and  tin  are  employed  principally 
in  the  lower  extremity,  where  great  strength  is  required  to  counteract  the 
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Aveight  of  the  limb  and  the  action  of  its  muscles  ;  aad  care  must  be  takeu  to 
pad  very  tlioroughly  splints  made  of  these  materials.  Leather,  guttapercha 
paste-board,  and  poroplastic  splints  are  juore  commonly  useful  in  fractures  of 
the  upper  extremity,  though  they  may  not  unfrequently  be  einployed  with 
advantage  in  those  of  the  lower  limbs.  In  applying  them,  a  pattern  should 
hrst  be  made  of  paper,  of  the  proper  size  and  shape,  by  which  the  splint  is 
cut  out ;  the  material  must  then  be  softened  by  being  well  soaked  in  hot 
water,  and  moulded  on  to  the  part  whilst  soft :  as  soon  as  it  has  taken  the 
proper  shape,  it  should,  if  guttapercha  be  used,  be  hardened  by  bein^r  plunged 
into  cold  water  ;  paste-board,  leather,  or  poroplastic  splints  must  be  allowed 
to  dry  on  the  limb.  The  edges  may  then  be  feathered  and  the  corners 
rounded,  and  the  interior  lined  with  wash-leather  or  lint.  These  splints  have 
the  advantage  of  great  durability,  cleanliness,  and  lightness. 

The  material  of  which  the  splint  is  composed  is  of  less  consequence  than  the 
mode  of  its  application.  There  are  three  points  that  require  special  attention 
m  this  respect  :— 1,  that  when  the  splint  is  flat  it  should  be  everywhere 
wider  than  the  limb,  so  that  the  limb  may  lie  on  the  splint,  and  not  the  splint 
upon  the  limb  ;  2,  that  it  should  embrace  securely  and  fix  steadily  the  two 
joints  connected  with  the  fractured  bone  ;  if  the  thigh,  the  hip  and  knee  •  if 
the  leg,  the  knee  and  ankle  ;  and  3,  that  it  be  well  padded  beyond  the  ed^es 
It  IS  impossible  to  keep  the  fragments  perfectly  immobile,  and  in  close  and 
accurate  aioposition,  unless  these  very  important  points  be  attended  to. 

Special  Apparatus  should  be  employed  as  little  as  possible  in  the  treatment 
of  fractures.  It  is  scarcely  ever  necessary  in  smaple  fractures,  and  is  far  more 
cumbersome  and  costly  than  the  means  above  indicated,  which  are  all  that  can 
be  required.  I  have  no  hesitation  in  saying,  that  a  Sm-geon  of  ordinaiy  in- 
genuity and  mechanical  skill  may  be  fully  prepared  to  deal  successfully  with 
every  fracture  which  he  can  be  called  upon  to  treat,  by  having  at  hand  a 
smooth  deal  plank  half  an  inch  in  thickness,  and  a  sheet  of  guttapercha 
undressed  sole-leather,  pasteboard,  "poroplastic  material,"  iDerforated  zinc,  oz- 
thin  sheet-iron,  to  cut  into  splints  as  required. 

To  the  means  above  described,  some  form  of  rigid  apparatus,  moulded  to 
the  limb,  forms  an  invaluable  addition.  Although  various  plans  for  stiffening 
and  fixing  bandages  in  cases  of  fracture  had  been  previously  employed,  it  wsS 
not  tiU  about  thirty  years  ago  that  their  full  value  became  recognized,  chiefly 
through  the  practice  and  writings  of  Baron  Seutin.  Since  that  tune  a  variety 
of  substances,  such  as  gum  and  chalk,  glue,  paraffin,  tripolith,  and  water-dass, 
have  been  recommended  for  the  purpose  of  stifteuiug  bandages,  but  the  two 
which  are  practically  most  useful,  and  have  longest  maintained  their  reputation, 
are  the  starched  bandage  and  the  plaster  of  Paris  bandage.  These  represent 
two  different  types  of  fixed  apparatus.  The  starched  bandage  is  applied  over  a 
mass  of  cotton-wool,  which  is  firmly  compressed  dm-iug  the  application  of  the 
apparatus,  and  thus  exerts  a  gentle  uniform  elastic  pressure,  holding  the  frag- 
ments in  position.  The  plaster  of  Paris  bandage  takes  an  actual  cast  of  the 
injured  limb  ;  it  is  not  intended  to  exert  any  pressure — in  fact,  if  ai^plied  in 
such  a  way  as  to  do  so,  it  is  a  dangerous  application. 

The  Starched  Bandage. — The  following  is  the  mode  of  applying  this 
apparatus  that  is  adopted  at  University  College  Hospital,  and  which  I  have 
found  to  answer  well.  The  whole  limb  is  enveloped  in  a  thick  layer  of 
cotton-wadding,  thickest  along  and  over  the  osseous  prominences  ;  this,  being 
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elastic,  accommodates  itself  to  the  subsequent  dimimxtion  in  size  of  the  limb, 
and  keeps  up  more  equable  pressure.  Over  the  cotton- wadding  are  laid  splints 
of  thick,  coarse  pasteboard  softened  in  hot  water,  properly  shaped  to  fit 
the  limb.  The  pasteboard  should  be  doubled  and  torn  down,  not  cut,  as  in 
this  way  the  edges  arc  not  left  sharp.  If  much  strength  be  not  required,  as 
in  children,  or  in  some  fractures  of  the  upper  extremity,  a  few  strips  of  brown 
paper,  well  starched,  may  be  substituted  for  the  pasteboard.  A  bandage 
saturated  with  thick  starch  is  now  firmly  applied  ;  and  lastly,  this  is  covered 
by  another  dry  roller,  the  inner  sides  of  the  turns  of  which  may  be  starched 
as  it  is  laid  on. 

The  bandages  must  be  applied  with  sufficient  force  to  compress  the  mass  of 
cotton-wool  surrounding  the  limb.  There  is  no  danger  of  constriction  if 
enough  wool  be  used,  l^o  bandage  must  on  any  account  be  applied  beneath 
the  pasteboard  splints.    Both  the  pasteboard  splints  and  the  starched  bandage 


should  always  include  the  two  joints  above  and  below  the  fracture,  so  that 
complete  immobility  of_^the  ^fragments  may  be  secured  :  the  hip  and  knee 
when  the  thigh  is  broken  ;  the  knee  and  ankle  when  the  leg  is  fractured. 
During  the  application  of  this  apparatus,  extension  must  be  kept  up  by  an 
assistant,  so  as  to  hold  the  fracture  in  position  ;  and,  until  the  starch  is 
thoroughly  dried,  which  usually  takes  from  thirty  to  fifty  hours,  a  wooden 
splint  may,  if  necessary,  be  applied  to  the  limb,  so  as  to  keep  it  to  its  proper 
length  and  shape.    The  drying^of  the  starch  may  be  hastened  by  the  applica- 
tion of  hot  bottles.    After  the  bandages  have  become  quite  dry,  the  patient 
may  be  allowed  to  move  about  on  crutches,  taking  care,  of  course,  to  keep 
the  injured  limb  well  slung  up,  and  not  to  bear  upon  it,  or  to  jar  it  against 
the  ground  (Fig.  178).    In  the  course  of  about  three  or  four  days  after  its 
application,  as  the  swelling  caused  by  the  fracture  subsides,  the  apparatus 
will  usually  be  found  to  have  loosened  somewhat.    In  these  circumstances,  it 
becomes  necessary  to  cut  it  up  with  a  pair  of  Seutin's  pliers,  such  as  are  repre- 
sented in  Pig.  176,  or  a  pair  of  French  vine-dresser's  scissors,  which  are  perhaps 
more  durable.   This  section  must  be  made  up  the  front  of  the  limb,  care  being 
taken  not  to  injure  the  skin  in  so  doing.  If  the  fracture  is  so  far  consolidated 
that  the  hmb  can  be  handled  without  fear  of  displacing  the  fragments,  the 
splint  may  be  completely  removed,  and,  its  edges  pared,  about  three-quarters 
of  an  inch  being  taken  from  each.    The  cotton-wool  is  then  cleaned  out  from 
its  inside,  a  fresh  layer  is  wrapped  round  the  limb,  and  the  apparatus  re-applied 
by  means  of  an  unstarched  roller  or  tapes.    If  the  fracture  be  too  recent  to 
allow  of  this,  the  edges  must  be  pared  without  removing  the  splint  from  the 
hmb,  and  changing  the  cotton-wool  must  be  deferred  to  a  later  period.  If  the 
fracture  be  compound,  a  trap  may  be  cut  in  the  apparatus  opposite  the  seat  of 
injury,  through  which  the  wound jnay  be  dressed  (Fig.  177). 
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The  advantages  of  the  starched  bandage  in  the  treatinent  of  fractures,  as 
well  as  in  many  otlier  injuries  and  diseases,  consist  in  its  taking  the  sliape  of 
the  limb  accurately  and  readily,  and  maintaining  it  by  its  solidity  ;  in  its 
being  light,  inexpensive,  and  easily  applied,  with  materials  that  are  always  at 
hand.  It  secures  complete  immobility  of  the  limb  in  the  position  in  which  it 
dries.  The  joints  in  the  neighbourhood  of  the  fractured  bone  are  securely 
fixed,  and  the  perfect  adaptation  or  moulding  of  the  apparatus  to  the  inequali- 
ties of  the  limb  prevents  all  movement.  Thus  it  maintains  accurately  not  only 
the  length  but  the  normal  curves  of  the  limb.  From  its  lightness  it  possesses 
the  very  great  and  peculiar  advantage  in  fractures  of  the  lower  extremity,  of 


Fig.  irr.— Starched  Bandage  :  ITS.— Starched  Bandage  aimlied 

'lYap  left  for  Dressing  Wound.  ■-  Fraeture<l  Thigh. 


allowing  the  patient  to  remain  up  and  to  move  about  upon  crutches  during 
nearly  the  whole  of  the- treatment ;  thus,  by  rendering  prolonged  confinement 
to  bed  unnecessary,  it  prevents  the  tendency  to  those  injurious  consequences 
that  often  result  from  these  injuries  ;  and,  by  enabling  the  patient  to  keep  up 
his  health  and  strength  by  open  air  exercise,  it  facilitates  the  consohdation  of 
the  fracture.  In  addition  to  this,  the  patient  will  often  be  able  to  carry  on 
his  business  during  treatment.  By  employing  the  starched  bandage  in  the 
way  just  described,  I  scarcely  ever  find  it  necessary  to  keep  patients  in  bed 
with  simple  fractures  of  the  leg  for  more  than  from  four  to  seven  days,  thus 
saving  much  of  the  tediousness  and  danger  of  the  treatment. 

Although  fully  recognizing  the  great  advantages  to  be  obtained  by  treating 
fractures  on  this  jilan,  and  employing  the  starched  bandage  in  almost  every 
case  that  came  under  my  care,  I  did  not  at  first  think  that  it  was  safe  practice 
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to  helve  recourse  to  it  during  the  early  stages  of  fracture  ;  uutil,  indeed,  the 
swelling  of  the  hmb  had  begun  to  subside.  I  therefore  never  apphed  it  until 
the  sixth,  eighth,  or  tenth  day,  keeping  the  limb,  until  this  time,  upon  a 
splint ;  fearing  that,  if  the  bandage  were  applied  at  too  early  a  period,  the 
inflammatory  turgescence  of  the  hmb  might  give  rise  to  a  slow  strangulation 
of  it  under  the  apparatus.  During  many  years,  however,  I  employed  Seutiu's 
plan  in  several  hundreds  of  fractures  of  all  kinds,  putting  the  limb  up  iu  the 
starched  apparatus  immediately  after  the  reduction  of  the  fracture.  I  found 
the  practice  a  safe  one,  even  in  fractures  of  the  thigh  ;  so  much  so,  that  at 
the  Hospital  I  for  some  time  rarely  used  any  other  plan  of  treatment  than  the 
"  movable-immovable  "  apparatus  in  some  form,  varying  with  the  fashion  of 
the  day.  The  moderate  pressure  of  the  bandages,  aided  probably  by  the 
great  evaporation  from  so  extensive  and  thick  a  mass  of  wet  starch,  seemed 
to  take  down  the  swelling  most  effectually.  Thus  the  patient  was  often  able 
to  leave  his  bed  about  the  third  day  after  the  injury,  when  the  fracture  was 
in  the  leg  or  ankle,  and  about  the  sixth  when  it  was  the  thigh  that  was 
broken. 

Further  experience,  however,  showed  that  the  fractures  to  be  treated  in  this 
way  requii-e  selection.  A  simple  fracture  of  one  bone  of  the  leg  or  of  both 
bones,  without  comminution  or  marked  displacement,  or  great  extravasation  of 
blood,  may  safely  be  put  up  immediately  in  the  starched  bandage  or  any  other 
rigid  apparatus.  In  more  severe  cases  it  is  better  to  wait  till  the  end  of  the 
first  week  or  the  beginning  of  the  second  before  applying  the  starched  bandage. 
In  fi-actured  thighs  also  it  is  better  to  allow  a  certain  degree  of  consolidation 
to  take  place,  otherwise  from  the  difficulty  of  completely  fixing  the  hip-joint 
by  means  of  a  starched  bandage  some  return  of  displacement  may  take  place. 
The  best  time  for  its  application  in  these  cases  is  about  the  end  of  the  second 
week.  Care  must  be  taken  to  enclose  the  foot  in  the  splint,  otherwise  rotatory 
displacement  outwards  may  occur.  By  this  means  I  have  obtained  the  most 
satisfactory  results  in  cases  of  fractured  thigli ;  patients  having  frequently 
been  cured  without  any  appreciable  shortening,  with  the  preservation  of  the 
natural  curve  of  the  bone,  and  without  confinement  to  bed  after  the  second 
week. 

In  compound  fi'actures  also  of  the  leg,  and  even  of  the  thigh,  I  have 
obtained  most  satisfactory  results  from  this  method.  In  compound  fractures 
of  the  leg,  I  have  seen  the  patient  walking  about  on  crutches  as  early  as  the 
tenth  or  fourteenth  day,  the  hmb  being  securely  put  up  in  starch  ;  and  have 
very  frequently  succeeded  in  getting  union  of  the  wound,  and  consequently  in 
converting  the  compound  into  a  simple  fracture,  by  putting  up  the  limb  in 
this  apparatus. 

Plaster  of  Paris  may  be  used  in  the  treatment  of  fractures  in  any  one  of 
the  four  following  ways  : — ■ 

1.  The  sirnple  plaster-landage  is  thus  applied  :  A  coarse  mushn  bandage  is 
first  prepared  by  rubbing  some  fresh  plaster  thoroughly  into  its  meshes.  The 
very  best  plaster  must  be  used,  and  it  must  be  quite  fresh  ;  if  it  has  been 
exposed  even  for  a  few  days  in  a  damp  place  it  will  be  practically  useless.  The 
bandage  is  then  loosely  rohed  up,  a  httle  more  plaster  being  sprinkled  between 
its  turns  as  this  is  done.  The  necessary  number  of  bandages  having  been  got 
ready,  tlie  hmb  must  be  prepared.  This  is  done  in  various  ways.  Formerly 
at  University  College  Hospital  we  used  merely  to  grease  the  limb  and  apply 
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the  plaster  directly  to  the  skin.  This  had  the  disadvantage  of  being  difficult 
to  remove.  The  better  plan  is  to  apply  a  dry  flannel  bandage  smoothly  to  the 
Imib.  The  bandage  must  be  made  of  elastic  Welsh  flannel  and  must  not  be 
drawn  more  tightly  than  is  necessary  to  prevent  creasing,  otherwise  it  mif^ht 
cause  constriction  of  the  limb.  A  prepared  plaster-bandage  is  then  placed,  end 
upwards,  m  a  basin  of  water  deep  enough  to  cover  it  completely.  It  is  then 
taken  out  and  squeezed  to  get  rid  of  the  excess  of  water  and  smoothly  rolled 
over  the  flannel.  The  bandage  must  on  no  account  be  pulled.  It  is  to  be  laid 
smoothly  on  the  limb  without  making  reverses.  In  order  to  avoid  these,  it 
may  be  cut  whenever  required.  The  muslin  bandage,  it  must  be  remembered, 
is  used  merely  as  a  convenient  means  of  applying  the  plaster  and  to  give 
toughness  to  it  when  it  is  set ;  a  plaster  bandage  must  on  no  account  be  used 
to  exert  pressure,  or  when  it  sets  it  may  cause  serious  constriction  of  the  limb. 
As  the  bandage  is  applied  it  must  be  rubbed  with  the  hands  to  squeeze  out 
any  air  that  may  have  got  between  the  turns,  and  if  necessary,  some  dry  plaster 
may  be  sprinkled  over  it  at  intervals  and  rubbed  in  with  the  hand  wetted  with 
water.  If  it  be  thought  necessary  to  strengthen  the  apparatus  at  any  point,  this 
may  be  done  by  laying  on  strips  of  the  plaster  bandage,  which  must  be  secured 
by  a  final  circular  turn  ;  or  strips  of  thin  tin-plate,  perforated  zinc,  or  iron- 
wire,  may  be  applied  between  the  layers  of  bandage.  In  an  ordinary  case 
about  three  layers  of  bandage  will  be  required.  Some  Surgeons  prefer  to  use 
cotton-wool  instead  of  the  flannel ;  this  however  necessitates  pulling  the 
bandage,  which  is  never  a  safe  jDroceeding  with  plaster.  Moreover,  cotton- 
wool after  a  few  days  becomes  packed  together  inside  the  plaster-case,  which 
no  longer  fits  accurately.  If  a  mass  of  cotton-wool  be  made  to  surround  the 
limb  it  is  better  to  apply  either  the  starched  bandage  and  paste-board  splints 
or  the  silicate  of  soda  bandage,  both  of  which  can  be  cut  up  and  removed  and 
repacked  without  destroying  the  splint. 

Good  plaster  hardens  in  the  course  of  about  eight  minutes,  and,  as  it  dries, 
forms  a  solid,  hard,  and  hght  casing  to  the  limb,  affording  excellent  support 
to  the  fracture.  The  setting  of  the  plaster  may  be  retarded  by  the  addition 
to^  it  of  solution  of  borax.  Thus  a  solution  of  1  part  to  12  of  the  water  used 
will  retard  the  setting  fifteen  minutes  ;  and  1  to  8  will  retard  it  fifty  minutes, 
and  so  on.  The  plaster-bandage  possesses  the  advantage  over  the  starched 
apparatus  of  being  lighter  and  less  cumbersome,  and  especially  of  drying  and 
hardening  very  quickly,  so  that  not  only  can  the  limb  be  easily  held  in  position 
by  the  Surgeon  till  the  plaster  is  firm,  but  the  patient  can  be  immediately 
moved  to  any  distance  after  the  setting  of  the  fracture. 

The  plaster  of  Paris  bandage  may  be  applied  to  any  fracture  after  the 
swelling  has  subsided,  and  it  may  be  put  on  immediately  in  all  cases  in  which, 
from  the  nature  of  the  injury,  but  little  swelling  is  to  be  expected,  such  as 
fracture  of  the  metatarsal  or  metacarpal  bones,  or  fracture  of  one  bone  of  the 
leg.  If  applied  when  the  limb  is  swollen  the  splint  soon  becomes  loose  as  the 
swelling  subsides.  After  its  application  the  exposed  parts  of  the  fingers  or 
toes  must  be  carefully  watched,  and  if  they  should  become  blue  or  cold  the 
apparatus  must  be  at  once  removed. 

2.  Neudorfer  is  a  strong  advocate  for  the  employment  of  the  plaster  of 
Paris  bandage.  He  recommends  that  it  should  be  apphed  immediately  (on 
this  he  lays  great  stress),  in  the  following  way.  Compresses  of  linen,  or  of 
lint,  are  dipped  in  plaster  of  Paris  of  the  consistence  of  a  common  poultice. 
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These  are  theu  placed  lougibudinally  on  the  limb,  first  on  the  upper,  then  on 
the  under  pai't.  A  few  turns  of  a  bandage  keep  them  in  situ  till  the  plaster  is 
set.  To  prevent  the  contiguous  edges  from  adhering,  they  are  shghtly  greased, 
or  a  strip  of  greased  lint  is  put  between  them.  Neudorfer  sometimes  places 
pieces  of  thin  wood,  like  veneer,  lined  with  cotton-wool,  next  the  skin  ;  over 
these  the  bandage,  saturated  with  the  plaster,  is  applied  by  circular  turns  in 
the  usual  way. 

3.  The  method  of  applyuig  the  plaster-apparatus,  as  practised  in  the  Bavarian 
army  during  the  Franco-German  War,  is  as  follows.  Two  pieces  of  flannel, 
twenty  inches  broad,  are  stitched  together  down  the  middle  for  a  length  equal  to 
that  of  the  leg ;  beyond  this  both  are  cut  through  in  the  same  line  for  the  length 
of  the  foot.  The  flannel  is  placed  under  the  limb,  so  that  the  seam  reaches  from 
the  ham  to  the  heel.  The  sides  of  the  inner  piece  are  brought  together  over 
the  leg,  and  fixed  in  fi.-ont,  and  along  the  sole,  by  hare-lip  pins  (bent  at  a  right 
angle,""so  that  they  may  be  easily  extracted  afterwards),  and  thus  a  closely 
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fitting  stocking  is  formed.  The  sides  of  the  inner  piece  are  then  brought  for- 
wards and  cut,  so  that  each  may  overlap  the  middle  line  of  the  leg  and  sole  by 
three-quarters  of  an  inch.  The  limb  is  then  laid  on  one  side  :  and  while  the 
outer  piece  of  flannel  is  held  back,  a  layer  of  plaster  of  Paris  of  the  consistence 
of  thick  cream  is  spread  evenly,  to  the  thickness  of  half  an  inch,  over  the  inner 
piece,  and  made  to  pass  quite  to  the  seam  behind,  and  the  line  of  junction  of 
the  sides  of  the  inner  piece  in  front.  The  outer  piece  is  pressed  over  this  before 
it  sets,  and  should  just  reach  the  middle  line  in  front  and  along  the  sole. 
When  this  has  set,  the  limb  is  turned  over,  and  the  process  is  repeated  on  the 
other  side.  The  pins  may  now  be  removed.  The  seam  serves  as  a  hinge  ;  and 
when  the  whole  has  set,  the  splint  may  be  taken  off,  the  edges  of  the  plaster 
trimmed,  and  those  of  the  inner  piece  of  flannel  cut  so  as  to  leave  suflficient  to 
turn  over  and  stitch  down  on  the  outer  piece.  The  splint  is  then  re-adjusted 
and  fixed  by  a  bandage  (Fig.  179). 

4.  Another  mode  of  the  application  of  plaster,  which  has  been  recommended 
by  Croft,  of  St.  Thomas's  Hospital,  will  be  found  very  useful.  Some  common 
house-flannel  or  old  blanket  is  cut  into  the  form  of  lateral  splints,  and  of  such 
a  size  as  almost  to  meet  round  the  limb.  Two  of  these  must  be  cut  for  each 
side  of  the  limb.  The  one  which  is  to  lie  next  the  skin  is  then  placed  upon  a 
table,  with  its  inner  side  downwards  ;  the  other  is  well  soaked  in  plaster  of 
Paris  and  water  of  the  consistence  of  thick  cream,  and  immediately  applied  to 
it.  The  two  are  then  taken  up  together  and  placed  upon  the  limb  ;  those 
for  the  opposite  side  having  been  prepared  in  the  same  way  are  quickly  applied, 
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and  the  whole  surronncled  by  a  muslin  bandage.  The  liml)  is  to  be  Jield  in 
position  while  the  plaster  sets.  When  all  is  solid  the  muslin  bandaf^e  can  be 
cut  down  the  front  of  the  limb,  and  the  apparatus  taken  olf  wlienever  it  is 
desirable  to  examine  the  fracture. 

In  all  cases  in  which  the  plaster-bandage  is  used,  there  is  danger  of  unsafe 
coustnction  of  the  limb  after  the  setting  of  the  plaster,  either  in  consequence 
of  the  apparatus  having  been  applied  too  tightly,  or  of  the  inner  banda^re 
which  has  been  applied  directly  to  the  limb,  becoming  tightened  by  the  swell- 
ing of  the  member  within  it.  Hence  great  care  must  be  taken  for  several 
days  after  the  application  of  the  apparatus,  to  watch  the  limb  carefully  and  if 
signs  of  over-constriction  come  on,  such  as  pain,  coldness,  numbness  and 
oedema  of  the  extremities,  whether  toes  or  fingers,  it  should  be  immediately 
cut  up,  re-adjusted,  or  removed.  ITo  time  should  be  lost  in  doing  this,  as  the 
limb  may  have  become  gangrenous  in  patches,  with  little  suffering  to  the 
patient  or  constitutional  disturbance. 

The  Silicate  of  Soda  or  Water-glass  Bandage  is  another  very  useful 
form  of  rigid  apparatus.  The  materials  required  are  a  solution  of  silicate  of 
soda  of  the  consistence  of  syrup,  which  can  be  purchased  ready  prepared  and 
keeps  well  in  a  stoppered  bottle,  and  some  thin  bandages.  The  bandage's  are 
to  be  thoroughly  soaked  by  being  drawn  through  a  sufficient  quantity  of  the 
solution  m  the  bottom  of  a  basin,  and  then  rolled  up  a^ain.  A  thick  padding 
of  cotton-wool  is  then  put  round  the  limb,  and  the  sihcate  bandage  applied 
directly  upon  it.  No  pasteboard  splints  are  used,  and  about  four  or  five  layers 
of  bandage  will  be  required.  It  dries  in  from  12  to  24  hours,  and  makes 
a  clean,  firm,  light  case,  which  can  be  cut  up  and  treated  like  a  starched 
bandage. 

In  the  treatment  of  ordinary  simple  fractures  of  the  shafts  of  long  bones,  the 
following  are  the  chief  points  that  require  attention  : 

1.  To  effect  reduction  at  once,  and  with  as  little  distm-bance  of  the  limb  as 
possible. 

2.  Not  to  apply  any  calico  roller  to  the  part  of  the  limb  in  which  the 
fracture  is  situated,  nor  under  the  apparatus. 

3.  To  line,  pad,  or  wad  the  apparatus  thickly. 

4.  To  include  and  fix  in  the  apparatus  the  t^-o  joints  connected  with  the 
injured  bone. 

5.  To  disturb  the  apparatus  as  seldom  as  possible. 

6.  To  use  starched  pasteboard  or  plaster  apparatus,  when  practicable,  in 
preference  to  any  more  special  form  of  appliance. 

Accidents  and  Complications  during  Treatment. — Various  accidents 
and  complications  are  liable  to-  occur  during  the  treatment  of  a  fracture  ; 
some  of  these  are  general  and  others  sjiecial.  Amongst  the  more  frequent 
complications  to  which  these  injuries  are  liable,  in  common  with  all  others,  arc 
tetanus  and  erysipelas,  but  these  rarely  follow  sim])le  fracture.  They  require 
no  further  notice  here. 

Traumatic  Delirium,  or  Delirium  Tremens,  is  by  no  means  an  un- 
common complication,  and  is  always  serious.  The  general  treatment  has  lieen 
already  given  (p.  29fl).  Locally,  as  soon  as  the  symptoms  show  themselves, 
the  fracture  must  be  firmly  supported  by  splints  or  by  a  starched  or  plaster  of 
Paris  bandage,  and  the  injured  limb  must  be  slung  from  a  cradle.  It  must  on 
no  account  be  tied  to  the  bed.    This,  as  a  rale,  fixes  only  the  lower  fragment. 
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while  the  upper  works  about  during  the  struggles  of  the  patient,  and  may  cause 
the  most  serious  mischief. 

Fat-Embolism. — If  the  lungs  of  a  patient  who  has  died  shortly  after  a 
severe  accident  crushing  one  or  more  bones,  be  examined  microscopically,  after 
staining  with  osmic  acid,  a  certain  number  of  the  capillaries,  and  perhaps  some 
of  the '^terminal  arteries,  may  be  found  plugged  with  liquid  fat.    The  appear- 
ances are  very  characteristic,  the  fat  being  stained  black  by  the  osmic  acid  ; 
and  it  is  easy  to  recognize  the  plugs  in  tortuous  capillaries  surrounding  the 
air-vesicles  or  in  the  small  branching  arterioles.    If  the  remaining  organs  be 
examined,  similar  embolic  plugs  may  be  found  in  all  parts  of  the  body  and  in 
the  nervous  centres.    In  the  kidney  the  loops  of  vessels  in  the  Malpighian 
vessels  are  frequently  found  distended  with  fat.    The  subject  of  fat-embohsm 
has  been  frilly  examined  by  Zenker,  Busch,  Bergmann,  Czerny,  Flournoy, 
Dejerine,  Scriba,  Hamilton,  and  many  others,  and  the  following  conclusions 
have  been  arrived  at.    If  liquid  fat  or  oil  be  in  any  way  set  free  amongst  the 
tissues  it  may  find  its  way  into  the  circulation  either  by  means  of  the  lym- 
phatics or  by  the  veins.    If  injected  into  the  healthy  subcutaneous  tissue  it 
enters  the  circulation  more  slowly  than  from  the  pleura  or  peritoneum. 
Pressure  favours  the  process ;  thus,  if  the  fat  of  the  medulla  of  a  long  bone  be 
broken  down  and  a  laminaria  digitata  tent  inserted,  fat-embolism  is  speedily 
induced.    In  many  surgical  injuries  we  have  the  conditions  necessary  for  fat- 
embolism.    In  fractures  crushing  the  medulla  of  a  bone  a  large  number  of  the 
fat-cells  of  the  marrow  are  broken  up  and  the  liquid  fat  set  fi-ee  ;  and  the  same 
may  happen  in  violent  contusions  of  the  subcutaneous  tissue  in  fat  subjects, 
and  in  contusion  or  laceration  of  a  fatty  liver.    At  the  same  time  the  pressure 
of  the  extravasation  of  blood  and  the  inflammatory  exudation  accompanying 
these  injuries  favours  the  entrance  of  the  fat  into  the  circulation.    The  fat 
cells  are  in  like  manner  broken  up  in  acute  inflammation  of  the  marrow  of  a 
'  bone,  and  in  many  diflFuse  gangrenous  inflammations  of  the  subcutaneous 
areolar  tissue,  and  in  all  these  conditions  fat-embohsm  has  been  met  with. 

Fat-embolism  as  a  comphcation  of  simple  fracture  may  occur  within  the  first 
twenty -four  hours,  as  the  direct  effect  of  the  injury,  or  on  the  second  or  third 
day,  or  as  the  result  of  the  inflammatory  exudation  pressing  on  the  injured 
medulla  or  adipose  tissue.    The  symptoms  caused  by  it  are  somewhat  doubt- 
ful.   Riedel  and  Scriba  state  that  the  fat  is  eliminated  by  the  kidneys,  and 
will,  in  a  very  large  proportion  of  fractures  of  long  bones,  be  found  micro - 
scopicaUy  in  the  urine  about  the  third  or  fourth  day.    At  a  later  period,  from 
the  tenth  to  the  fourteenth  day,  it  is  often  met  with  again,  a  fact  which  Scriba 
attributes  to  the  dislodgment  of  the  emboli  from  the  lungs  and  other  viscera 
and  their  elimination  by  the  kidneys.    A  trace  of  albumen  and  some  casts  are 
sometimes  met  with  at  the  same  time.    These  appearances  need  not  be  accom- 
panied by  any  constitutional  symptoms.    Should  the  quantity  of  fat  which 
enters  the  circulation  be  very  large,  it  is  supposed  to  be  capable  of  causing 
grave  or  even  fatal  symptoms,  of  which,  according  to  Scriba,  the  following  are 
the  most  characteristic  :  slight  lowering  of  temperature,  dyspnoea,  occasionally 
slight  haemoptysis,  and,  in  extreme  cases,  fatal  collapse,  spasms  or  localized 
paralysis,  ending  in  coma  and  death.    Scriba  is  of  opinion  that  whenever  fat- 
embolism  proves  fatal  it  is  from  obstruction  to  the  vessels  of  the  brain,  and 
that  the  interference  with  the  pulmonary  circulation  is  never  sufficient  to 
cause  death.    That  death  does  occur  in  some  rare  cases  after  simple  fractui-es 
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witli  some  or  all  of  the  above-nientioued  symptoms  is  certainly  true,  and  that 
fat-embohsm  can  be  found  post  mortem  is  equally  certain  ;  L  th^tTt  is  the 
cause  of  the  symptoms  was  doubted  by  Cohnheim  and  many  authorities,  as 
expenments  have  sho^vn  that  very  large  quantities  of  fat  can  be  injected  into 
the  circu  ation  of  animals  so  as  to  cause  most  extensive  embolism  M-ithout 
being-  followed  by  death  or  even  any  serious  symptoms. 

In  cases  of  septic  inflammation  following  a  compound  fracture  or  a  severe 
laceration  of  adipose  tissue,  the  fat-emboli  may  become  impregnated  with  the 
septic  poison,  and  thus  set  up  inflammation  wherever  they  lodge  The  emboli 
from  subcutaneous  injuries  are  said  occasionally  to  give  rise  to  haemorrhafnc 
infarcts  around  the  point  at  which  they  are  arrested,  and  in  some  cases  to  cause 
oedema  of  the  lung  by  extensive  obstruction  to  the  circulation  ;  but  beinff 
perfectly  unirritating  they  never  set  up  inflammation. 

No  treatment  has  as  yet  been  suggested  in  fat-embolism. 

In  fractures  of  the  lower  extremity  occurring-in  old  people,  there  is  a  great 
tendency  to  Hypostatic  Pulmonary  Congestion,  as  a  consequence  of  the 
long  confinement  m  the  recumbent  position  that  is  required  ;  these  fractures 
often  prove  fatal  in  this  way.  The  use  of  the  starched  bandage,  by  enablina- 
the  patient  to  move  about,  is  the  most  effectual  preventive  of  these  accidents" 

The  treatment  of  the  more  general  accidents  presents  nothing  that  need 
detain  us  here  ;  but  those  that  are  more  special  and  peculiai-  to  fi-actures 
require  consideration.  ' 

Crutch-palsy  of  the  hands  and  arms  may  occur  as  the  result  of  compres- 
sion of  the  brachial  nerves  against  the  pad  of  the  crutch.  The  whole  plexus, 
or  only  one  of  its  component  nerves,  as  the  musculo-spiral,  or  ulnar,  may  be 
affected.  The  remedy  is  obvious— it  consists  in  the  discontinuance  of  the"'  use 
of  the  crutch,  and,  if  need  be,  the  employment  of  electricity  to  the  palsied 
muscles. 

Spasm  of  the  Muscles  of  the  Limb,  owing  to  the  irritation  produced 
by  the  fragments,  is  often  very  severe  so  long  as  the  fracture  is  left  unreduced  .- 
the  sharp  end  of  the  broken  bone  puncturing  and  irritating  the  surrounding 
muscles.  It  is  best  remedied  by  reduction,  and  the  maintenance  of  the  frac- 
ture in  proper  position  by  moderate  pressure  with  a  bandage  over  the  splints. 
If  the  spasm  be  dependent  upon  nervous  causes,  full  doses  of  opium  will  not 
unfrequently  afford  relief.  In  some  cases  it  is  of  a  permanent  character,  pro- 
ducing considerable  displacement  of  the  fragments.  In  these  circumstances, 
division  of  the  tendons  has  been  recommended  ;  but  this  practice  appears  to 
be  an  unnecessarily  severe  one,  and  may  certainly  most  commonly  be  avoided 
by  attention  to  the  other  plans  of  treatment  which  have  been  suggested. 

Oldema  of  a  broken  limb  may  occur  from  several  causes,  viz.,  over-tight 
bandaging,  dependent  position,  pressure  of  extravasated  blood,  venous  throm- 
bosis or  inflammatory  effusion.  It  is  of  no  great  moment  in  itself,  but  may 
be  of  consequence,  as  indicative  of  approaching  gangrene.  Relief  may 
usually  be  afforded  by  loosening  the  ])andages,  and  elevating  the  limb. 

The  oedema,  which  is  often  very  persistent,  after  the  cure  of  the  fracture,  is 
best  relieved  by  diligent  friction,  douching,  bandaging,  and  attention  to 
position. 

Considerable  Extravasation  of  Blood  is  frequently  mot  with  in  cases  of 
simple  fracture,  causing  great  swelling  and  tension.  The  blood  is  in  most 
cases  readily  absorbed  ;  and  the  Surgeon  should  never  be  tempted  by  any 
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locling-  of  fluctuation  to  open  it,  as  lie  would  thereby  convert  the  simple  into 
a  compound  fracture.  In  some  of  the  cases  of  extensive  extravasation,  the 
iimb  appears  to  reheve  itself  of  the  serous  portion  of  the  blood  effused,  by  the 
formation  of  large  bullte  or  blebs,  which  may  be  punctured,  or  else  allowed  to 
bm-st  and  subside,  without  any  material  inconvenience.  This  extravasation 
verv  rarely,  indeed,  runs  into  abscess  ;  if  it  do,  it  must  of  course  be  opened, 
and  treated  upon  antiseptic  principles.  If  deeply  effused  it  may  lead  to  gan- 
o-rene,  by  the  compression  which  it  exercises  on  the  vessels. 

Gangrene  not  directly  due  to  injury  of  the  main  vessels  of  the  limb, 
occurring  as  a  complication  of  simple  fracture,  is  a  most  serious  mischance, 
and  one  as  to  which  it  is  difficult  for  the  Surgeon  to  exonerate  himself  from 
blame.  But  he  is  not  always  in  fault.  It  may  arise  from  causes  residing 
in  the  bmb.  It  may  be  contributed  to  by  the  negligence  of  the  patient  in  not 
drawing  the  Sui'geon's  attention  to  early  symptoms,  after  having  been  duly 
warned!  Gangrene  of  the  limb  (Fig.  180)  may  occur  after  simple  fracture  as 
the  result  (1)  of  tight  bandaging  ;  (2)  of  the  swelling  of  the  limb  and  corn- 
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pression  of  the  vessels  consequent  upon  extravasation  of  blood,  or  (3)  of  inflam- 
matory infiltration  causing  strangulation  within  a  bandage  that  has  been  at 
first  but  lightly  apphed.    Gangrene  is  almost  invariably  the  consequence  ot 
the  pernicious  practice  of  applying  a  bandage  difreotly  to  the  hmb  under  the 
apparatus.    I  have  never  known  gangrene  to  occur  after  fracture,  except 
when  this  had  been  done,  since  it  is  much  more  likely  to  occur  m  those  cases 
in  which  the  fracture  is  treated  by  the  unskilful  application  of  an  immovable 
apparatus,  whether  of  starch,  plaster  of  Paris,  or  other  similar  material,  than 
when  sphnts  are  used.    Indeed,  if  the  spHnts  be  well  wadded  and  no  bandage 
be  put  on  under  them,  it  is  almost  impossible  that  an  undue  or  dangerous 
amount  of  constriction  can  be  exercised  on  the  limb,  so  as  to  interrupt  the  cir- 
culation through  it.    I  believe  that  this  accident  would  m-ely,  if  ever,  ocoair^ 
if  the  Surgeon  were  to  avoid  the  direct  application  of  a  bandage  to  the  limb 
however  lightly,  in  fractures,  more  particularly  in  children.    The  danger  _o± 
strangulation  is  especially  great  if,  as  happened      the  case  from  .^dnch^ 
accompanying  cut  is  taken,  the  limb  be  bandaged  whilst  sti-aiglit,  and  then 
flexed,  as  the  bandage  will  then  cut  deeply  at  the  flexure  of  the  joiiit,  aiid 
will  certainly  destroy  the  vitality  of  the  part,  if  not  of  he  whole  limb.  The 
pressure  of  'an  axillary  pad,  used  iu  many  fractures  of  the  upper  extremities 
may  also  tend  to  the  supervention  of  gangrene  by  mterfermg  with  thejeturn  of 
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blood  throiigli  the  axillary  vein,  and  thus  causin-  slow  strangulation  under  tin- 
bandage     Hence  m  these  cases  the  fingers  should  be  left  ft-ee  at  their  tins  and 
examined  daily.    Even  if  no  dwed  bandage  have  been  applied,  the  apparatus 
should  at  once  be  removed,  and  the  limb  examined  if  any  appearances  of  con- 
gestion, such  as  blueness,  coldness,  oedema,  or  vesication  of  the  fingere  or 
toes,  show  themselves,  or  even  if  the  patient  merely  complains  of  slight 
uneasiness.     If  it  be  left  on  beyond  this,  gangrene  will  probably  set  in 
slow  strangulation  going  on  under  the  bandages  without  much,  if  any.  pain' 
Vesications  often  create  much  alarm,  but  too  much  im])ortance  must  n(^t 
be  attached  to  their  appearance.    They  will  often  occur  of  very  large  size 
as  has  ah-eady  been  stated,  as  a  consequence  of  the  raising  of  the  cuticle  by  the 
transuded  serum  of  extravasated  blood.    It  is  only  when  associated  with  cold- 
ness of  the  limb,  a  dusky  purple  hue,  and  a  putrescent  odour,  that  they  are 
indicative  of  gangrene.    An  excellent  plan  of  judging  of  the  activity  of  the  cir- 
culation in  a  fractured  limb  after  it  has  been  put  up,  is  to  leave  the  ends  of  the 
fingers  or  toes  uncovered  by  the  bandage  ;  when,  by  pressing  upon  one  of  the 
nails,  the  freedom  of  the  circulation  may  be  ascertained  by  noticing  the  rapidity 
with  which  the  blood  returns  under  it.    A  question  of  much  "medico-legal 
importance  occasionally  arises  in  connection  with  gangrene  of  the  limb  after 
simple  fracture.    It  is  this— is  the  gangrene  owing  to  over-tight,  and  conse- 
quently negligent,  bandaging  by  the  Surgeon,  or  to  passive  strangulation  bv 
inflammatory  swelling  of  the  limb  under  bandages  not  originally  too  tightly 
applied  ?    The  diagnosis  of  the  two  conditions  on  which  the  answer  is  dejx-u- 
dent  is  as  foUows :  1.  When  a  bandage  has  been  originally  too  tightly  ai)plied. 
the  patient  will  suffer  severely  for  several  hours,  the  pain  being  felt°immedi;Uelv 
after  the  application  of  the  apparatus.    On  loosening  the  bandage,  the  paiii 
ceases.    When  removed,  if  gangrene  have  set  in,  the  skin  will  be° found  pale 
where  the  roller  has  been  applied— the  limb  being  compressed  and  small  at 
this  part,  and  marked  with  imprints  at  the  edges  of  the  turns  of  the  bandage— 
whilst  it  is  greatly  swollen  and  congested  at  the  fingers  or  toes  beyond°the 
bandage  :  these  parts  being  also  cold,  purple,  and  vesicated.    2.  When  the 
strangulation  occurs  from  inflammatory  sweUing  of  the  limb,  the  whole 
member  is  equally  swollen  ;  it  is  red  and  blue,  hot  in  parts,  cold  and  sphacelated 
m  others.    It  never  becomes  uniformly  gangrenous,  but  deep  infiltrating 
abscess,  and  localized  sphacelus,  form. 

Treatment— Whan  a  bandage  or  ajiparatus  appears  to  be  exerting  painful, 
or  dangerous  pressure,  it  must  at  once  be  removed.  Should  the  circulation  of 
the  limb  have  been  interfered  with,  friction  with  oil  in  an  upward  direction 
should  be  employed. 

If  gangrene  have  unhappily  already  occurred,  the  treatment  will  depend  on 
the  cause,  and  on  the  condition  of  the  limb.  If  it  be  the  result  of  self- 
strangulation  of  the  limb,  by  swelling  under  the  bandage,  and  if  the  parts  be 
found  to  be  red,  swollen,  and  infiltrated,  free  incisions  should  be  made,  and  some 
efficient  antiseptic  dressing  applied.  If,  notwithstanding  this,  suppuration 
follows,  with  deep  infiltration  of  the  cellular  tissue,  and  sloughing  of  tlie 
skin  and  muscles,  the  choice  lies  between  amputation  and  the  preservation  of 
a  limb  that  will  be  withered,  contracted,  and  useless. 

If  the  gangrene  be  the  result  of  direct  strangulation  by  an  over-tight 
bandage,  as  in  Fig.  180,  there  is  no  resource  left  but  amputation  above  the 
seat  of  constriction. 
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After  a  fracture  has  united,  the  limb  will  sometimes  be  found  to  be 
shortenened.  This  may  of  course  be  due  to  unskilful  management  on  the 
part  of  the  Surgeon,  to  want  of  proper  coaptation  of  the  fragments,  or  to  the 
patient  being  allowed  to  bear  on  the  limb  whilst  the  callus  is  still  soft  and 
phable.  But  it  may  have  existed  before  the  accident,  and  be  natural  to  the 
patient,  and  in  no  way  a  consequence  of  the  accident. 

Inequality  in  the  length  of  the  corresponding  limbs  on  opposite  sides  of  the 
body,  independently  of  any  accident  or  disease,  is  not  very  unfrequently  met 
with.  It  will  exist  to  a  considerable  extent  without  the  patient  being  aware 
of  it.  I  have  several  times  found  the  spinal  curvature  of  young  adults  to  be 
due  to  one  lower  extremity  being  from  |  to  J  of  an  inch  shorter  than  the 
other,  thus  causing  obliquity  of  the  pelvis.  It  is  usually  the  right  limb  that 
is  the  longer,  but  in  some  cases  the  left  is  not  only  longer  but  also  larger.  Of 
512  boys  examined  by  Morton,  of  Philadelphia,  appreciable  differences  between 
the  two  limbs  were  found  in  271  cases,  from  \  of  an  inch  in  91,  to  as  much 
as  If  inch  in  one.  The  bearing  of  these  facts  on  the  cause  of  shortening 
of  limbs  after  the  treatment  of  fractures,  and  the  question  of  malpraxis,  is 
evident.  The  shortening  of  a  limb  in  a  growing  child  after  fracture  may  also 
be  due  to  its  necessary  confinement  in  splints,  and  to  the  inaction  causing 
interference  with  its  growth,  or  to  implication  of  an  epiphysial  cartilage,  and 
not  to  the  fracture  having  been  inaccurately  adjusted. 

Complicated  Fractukbs.— Fractures  may  be  complicated  with  various 
important  local  conditions.  Extravasation  of  blood  into  the  limb,  from  a 
wound  of  some  large  vessel,  may  go  on  to  so  great  an  extent  as  to  occasion 
strangulation  of  the  tissues  ;  if  not  checked  by  position  and  cold  applications, 
it  may  give  rise  to  gangrene,  and  demand  amputation.  In  other  cases,  again, 
the  soft"  parts  in  the  vicinity  of  the  fracture  may  be  contused  to  such  a  degree 
that  they  rapidly  run  into  slough,  thus  rendering  it  compound  :  or  a  wound 
may  exist,  not  communicating  with  the  broken  bone,  but  requiring  much 
modification  of  treatment,  and  special  adaptation  of  apparatus. 

One  of  the  most  serious  complications  is  Injury  of  the  Main  Artery  of 
the  limb  opposite  the  seat  of  fracture.    This  is,  however,  far  less  common  than 
might  be  supposed.    Excluding  complete  smashes  of  the  limb.  Brims,  with 
considerable  labour,  has  collected  87  cases,  63  in  simple  and  24  in  compound 
fractures.    The  accident  is  far  more  common  in  the  lower  than  in  the  upper 
limb,  68  of  the  cases  occurring  in  the  former  and  19  in  the  latter.  Amongst 
the  cases  were  24  of  injury  of  the  popliteal  artery,  21  of  the  anterior  tibial, 
18  of  the  posterior  tibial,  9  of  the  brachial,  8  of  the  axillary,  4  of  the  femoral. 
Amongst  the  other  arteries  rarely  injured  are  the  subclavian  in  fracture  of 
the  clavicle,  the  sciatic  in  fracture  of  the  pelvis,  the  peroneal  and  the  nutritive 
artery  of  the  tibia.    In  68  cases  the  exact  nature  of  the  injury  is  mentioned. 
In  24  the  artery  was  completely  ruptured,  in  about  half  the  cases  by  the  same 
violence  that  caused  the  fracture  ;  in  26  the  artery  was  partially  divided  ;  m 
7  it  was  contused  and  subsequently  occluded  by  thrombosis  ;  and  in  11  it  was 
compressed  or  nipped  by  the  fragments.    The  symptoms  will  depend  on  the 
nature  of  the  injury.    If  the  vessel  is  merely  compressed  or  contused 
there  will  be  no  extravasation  of  blood,  and  the  nature  of  the  injury  is 
indicated  by  loss  of  pulsation  in  the  branches  beyond  the  injured  point  and 
coldness  of  the  limb.    If  the  artery  is  completely  torn  across  it 
commonly  soon  ceases  to  bleed,  being  closed  in  the  way  described  (p.  401), 
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but  before  tliis  occurs  a  considerable  amount  of  blood  may  have  been  poured 
out  subcutaueously.  The  symptoms  in  such  a  case  would  be  -rcat  distension 
ot  the  limb,  ceasmg  to  increase  after  a  short  time,  with  absence  of  pulsation 
beyond  the  injured  point.  The  chief  danger  in  these  cases  is  the  supervention 
of  gangrene,  a  termination  more  likely  to  follow  when  the  fracture  is  the 
result  of  direct  violence  crushing  the  soft  parts  as  well  as  the  bone,  than  when 
the_  artery  has  been  injured  by  the  displaced  fragments  in  a  fracture  by 
indirect  violence,  the  surrounding  tissues  being  but  little  wntused.  The 
treatment  in  these  cases  will  depend  on  the  nature  of  the  injury.  If  the 
artery  is  merely  compressed  by  a  displaced  fragment,  reduction  of  the  fracture 
may  restore  the  circulation.  If  it  is  occluded,  with  little  or  no  extravasation, 
and  but  slight  bruising  of  the  soft  parts,  so  as  to  justify  a  hope  that  the 
collateral  vessels  are  not  greatly  injured  or  pressed  upon,  an  attempt  should  be 
made  to  save  the  limb.  It  should  be  placed  in  the  best  possible  position  and 
warmly  wrapped  in  cotton-wool.  Splints  and  bandages  must,  as  far  as 
possible,  be  avoided,  lesfc  the  collateral  circulation  be  interfered  with  by  their 
pressure.  If  there  has  been  great  extravasation  of  blood,  the  pressure  of 
which  would  evidently  prevent  the  establishment  of  the  collateral  circulation, 
gangrene  is  inevitable,  unless  this  can  be  relieved.  If  the  fracture  is  fi-om 
indirect  violence,  and  the  soft  parts  are  but  little  contused,  an  attempt  might  [ 
be  made  to  relieve  the  pressure  by  free  incision  and  evacuation  of  the  blood 
clot,  if  this  can  be  done  with  efficient  antiseptic  precautions.  If  decomposition 
occurred  the  septic  inflammation  and  swelling  would  almost  inevitably  so  far 
interfere  with  the  circulation  as  to  cause  gangrene,  and  necessitate  amputation 
under  very  unfavourable  circumstances.  If,  therefore,  there  is  any  doubt 
about  preventing  putrefaction,  or  if  the  soft  parts  are  much  bruised,"  as  in  a 
fracture  by  direct  violence,  or  if  after  an  attempt  to  save  the  limb  gangrene 
has  set  in,  amputation  above  the  seat  of  injury  is  our  only  resource. 

If  the  artery  be  only  partially  ruptured  or  be  torn  across  and  not 
closed  the  htemorrhage  will  continue  subcutaueously.  In  the  great  majority 
of  cases  this  leads  to  the  formation  of  a  diffused  traumatic  aneurism.  The 
symptoms  consist  in  the  rapid  formation  of  a  uniform  elastic  tense  swelling, 
in  which  there  may  be  obscure  pulsation,  though  this  is  often  wanting.  On 
laying  the  hand  on  the  swelling  a  thrill  may  be  perceptible.  According  to 
V.  Wahl,  a  limit  will  be  heard  in  all  cases  in  which  the  artery  is  merely 
punctiu-ed  or  partially  divided  but  it  is  wanting  when  the  vessel  is  completely 
torn  across.  There  is  cessation  of  pulsation  in  the  artery  with  coldness  and 
nmnbness  of  the  limb  beyond  the  injury.  Some  blood  usually  finds  its  way 
into  the  limb  by  the  collateral  vessels  even  if  the  main  artery,  as  the  femoral 
or  brachial,  be  wounded,  but  the  pressure  of  the  extravasated  blood  hinders  the 
venous  return  and  the  limb  soon  becomes  of  a  dusky  purple  colour.  There  is 
always  severe  tensive  pain,  sometimes  throbbing.  If  it  be  one  of  the  tibial 
arteries  that  is  wounded  the  swelling  may  cease  to  increase,  the  circulation 
in  the  arteries  of  the  foot  may  return  after  a  day  or  two,  and  the  coldness  and 
numbness  may  diminish,  but  such  a  result  is  rare.  If  it  be  the  popliteal  that  is 
injured,  no  such  amelioration  will  take  place,  but  the  diflfuscd  aneurism  in  the 
ham  will  increase,  the  circulation  will  become  more  and  more  im]ieded,  and 
gangrene  will  result.  Much  less  commonly  the  traumatic  auourism  may 
develop  slowly  from  eight  days  to  a  month  after  the  accident  anxi  then  it 
assumes  ,the  circumscribed  form.    In  these  cases  the  wound  ha.«!  iirobably  been 
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very  small,  or  possibly  the  external  coat  may  not  have  been  torn  at  the  time  of 
the  accident  bnt  has  yielded  subsequently. 

In  the  treatment  of  diffused  traumatic  aneurism  complicating  fracture  the 
Surgeon  has  three  alternatives. 

1.  The  case  may  be  treated  as  one  of  open  arterial  wound,  the  tumour  laid 
open,  and  the  vessel  hgatured  at  the  seat  of  injury.  The  objections  to  this 
treatment  are,  that  a  large  cavity  is  opened,  which,  if  it  suppurate,  will  give 
rise  to  the  most  serious  constitutional  disturbance,  the  fractui-e  being  rendered 
a  compound  one  of  the  worst  kind,  complicated  by  the  great  extravasation  of 
blood  amongst  the  surrounding  parts.  Securing  the  artery  is,  moreover,  under 
any  circumstances  extremely  difficult,  and  even  uncertain.  In  the  present 
day  the  dangers  of  suppuration  and  sloughing  following  in  the  cavity,  may  be 
greatly  reduced,  if  not  abolished,  by  the  employment  of  some  efficient  mode  of 
antiseptic  treatment,  and  the  exposure  of  the  artery  can  be  facihtated  by  the 

,  bloodless  method  of  operating.  If  the  means  of  treatment  at  the  command  of 
the  Surgeon  are  such  that  he  may  hope  effectually  to  prevent  the  injurious 
consequences  of  exposing  the  fracture  to  the  air,  there  is  no  reason  why  he 
should  deviate  from  the  acknowledged  rule  of  surgery,  to  tie  the  wounded 
vessel  at  the  injured  spot. 

Amongst  the  cases  tabulated  by  Bruns  are  the  following  treated  by  this 
method  :— Axillary  artery,  3  cases,  2  deaths  ;  brachial,  2  cases,  0  deaths  ; 
femoral,  1  fatal  case  ;  anterior  tibial,  7  cases,  5  cured,  1  amputated,  and  1 
death  :  and  posterior  tibial,  2  cases,  1  amputated  and  1  died.  In  two  of  the 
cases  of  the  anterior  tibial  the  vessel  could  not  be  tied,  and  the  wound  was 
plugged  successfully.  In  the  successful  axillary  case  the  aneurism  did  not 
appear  till  the  eighth  day. 

2.  The  circulation  through  the  main  artery  may  be  arrested  by  compression 
or  by  hgature  on  the  proximal  side.  Bruns  records  five  cases  in  which  com- 
pression has  been  attempted.  Of  these  three  were  successful.  In  one  the 
artery  wounded  was  supposed  to  be  the  circumflex  at  the  shoulder  ;  in  the  two 
other  cases  the  injured  vessel  was  the  anterior  tibial ;  but  in  both  the  aneurism 
was  of  small  size  and  slow  formation.  Compression  failed  in  a  circumscribed 
aneurism  of  the  brachial,  and  still  more  markedly  in  a  large  diffuse  aneurism 
of  the  femoral  artery.  Proximal  ligature  is  recorded  in  seven  cases.  In  one 
the  subclavian  was  tied  for  a  diffuse  axillary  aneurism  with  a  fatal  result ;  m 
one  the  axillary  was  tied  for  a  circumscribed  aneurism  of  the  brachial ;  m  one 
the  femoral  was  tied  successfully  for  a  popliteal  aneurism,  which  appeared  four 
days  after  the  fracture,  and  in  one  for  a  diffuse  popliteal  aneurism,  fatal  from 
gangrene  ;  and  in  three  cases,  only  one  of  which  was  really  diffused,  the  femoral 
was  successfully  ligatured  for  aneurism  of  the  posterior  tibial. 

3.  Amputation  may  be  performed.  This  severe  measure  need  not  be  carried 
out  at  once.  The  Surgeon  may  wait  a  day  or  two  and  watch  the  progress  of 
events.  If  he  find  that  there  is  no  sign  of  restoration  of  pulsation  m  the 
vessels  beyond  the  injury,  that  the  coldness  and  numbness  of  the  limb  continue 
to  increase,  and,  in  fact/that  gangrene  is  impending,  then  the  sooner  he  ampu- 
tates the  better  for  the  patient's  safety.  If  the  artery  have  been  tied,  and 
gangrene  result,  the  hmb  ought  at  once  to  be  removed. 

To  sum  up,  it  would  seem  from  the  evidence  before  us  that  if  one  of  the 
larger  vessels,  such  as  the  femoral,  popliteal,  axillary,  or  brachial,  be  wounded 
in  a  fracture,  and  a  rapidly  spreading  diffuse  aneurism  forms  at  once,  the  best 
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chance  for  the  patient  hos  in  following-  the  ordinary  treatment  of  difiused 
traumatic  aneurism,  and  attempting  to  secure  tlie  bleeding  vessel  at  the 
injured  point.    In  such  cases  compression  is  inefficient,  and  piminial  ligature 
will  probably  be  followed  by  gangrene.    If  the  vessel  cannot  be  found  owing 
to  the  laceration  and  displacement  of  the  surrounding  structures,  or  if  the 
bones  are  much  comminuted  and  the  soft  parts  crushed,  amputation  above 
the  seat  of  fracture  is  the  only  resource.    If  the  aneurism  develops  slowly  and 
tends  to  assume  a  circumscribed  form,  compression  or  proximal  ligature  offers 
a  good  prospect  of  success.    In  ^^•ounds  of  the  arteries  of  the  leg,  if  the  extra- 
vasation be  not  increasing  with  dangerous  rapidity,  so  as  to  threaten  gangrene 
of  the  limb,  there  can  be  no  reason  why  the  effects  of  pressure  upon  the  femoral 
artery  by  means  of  Carte's  or  some  other  appropriate  compressor  should  not  be 
tried  before  proceeding  to  more  severe  measures.    If  this  should  fail  to  cure, 
and  yet  the  aneurism  show  some  tendency  to  become  cii-cumscribed  with 
return  of  pulsation,  warmth  and  sensibility  in  the  parts  bevond,  proximal 
ligature  of  the  femoral' artery  in  Scarpa's  triangle  offers  a  good  prospect  of 
success  ;  but  should  the  swelling  continue  to  increase  and  the  foot  remain 
cold,  no  time  should  be  lost  in  cutting  down  upon  the  injured  vessel,  a  pro- 
ceedmg  which  has  been  attended  by  a  very  considerable  amount  of  success, 
even  before  the  introduction  of  antiseptic  treatment  and  bloodless  surgety. 
If  the  vessel  cannot  be  tied  it  may  possibly  be  seized  in  forcipressure-forceps, 
which  may  be  left  on  for  twenty-four  or  forty-eight  hours.    FaiUng  this,  the 
wound  may  be  plugged.    Amputation  should  be  the  last  resource. 

Venous  ThromTjosis  and  Emliolism.— Wounds  of  veins  in  simple  frac- 
tures rarely  give  rise  to  any  extensive  extravasation  of  blood,  the  rare  examples 
of  laceration  of  the  subclavian  vein  in  fractures  of  the  clavicle  being  ahnost 
the  sole  exception.  Thrombosis  of  the  deep  veins  of  a  fractured  limb,  espe- 
cially of  the  leg,  is,  however,  probably  far  from  uncommon.  Wlien  we  con- 
sider the  bruising  they  must  frequently  suffer,  the  readiness  ynth  which 
coagulation  takes  place  in  tlie  injured  veins,  and  the  interference  with  the 
venous  flow  by  the  prolonged  rest  of  a  fractured  limb,  it  is  surprising  that 
extensive  thrombosis  is  not  more  common.  It  occurs  most  frequently  in  the 
lower  limb,  though  cases  are  occasionally  met  with  in  the  arm.  As  the'  throm- 
bosis is  almost  invariably  limited  to  the  deep  veins,  the  only  evidence  of  its 
occurrence  is  some  oedema  of  the  extremity,  and  perhaps  some  fukess  of  the 
superficial  veins.  As  long  as  the  patient  is  confined  to  bed,  the  elevated  posi- 
tion of  the  limb  and  the  pressure  of  the  splints  keep  this  oedema  within  very 
moderate  limits,  but  when  the  patient  begins  to  move  about  the  swelling 
becomes  more  evident.  It  is  probable  that  the  persistent  oedema,  which  is  a 
not  uncommon  and  very  troublesome  sequela  of  fracture  of  the  leg,  is  due  to 
this  cause. 

Accidental  dislodgment  of  the  clot  and  embolism  of  the  heart  or  lungs  is  a 
very  rare  complication  of  simple  fractures.  Bruns  has,  however,  collected  the 
records  of  35  cases,  of  which  30  were  fatal.  Thirty-two  of  these  occuiTcd  in 
fractures  of  the  lower  extremity.  Only  one  such  case  has  occuri-cd  in  Uni- 
versity College  Hospital  in  the  last  twenty  years,  and  in  that  the  patient,  who 
had  nearly  recovered  from  a  compound  fracture  of  the  internal  malleolus,  was 
suddenly  seized  with  dyspnoea  and  great  cardiac  distress,  followed  by  slight 
hasmoptysis.  The  symptoms  subsided  in  a  few  hours,  and  recovery  took  place. 

Injuries  of  Iferves  in  Simple  Fi^actures. —  Nerves  may  suffer  a  variety 
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of  injuries  in  fractures  of  tlie  limbs.    They  may  be  bruised  by  the  same  force 
that  causes  the  fi-acture  ;  they  may  l)e  crushed,  or  iu  rare  cases  even  divided, 
by  the  sharp  edge  of  a  sphnter  ;  they  may  be  compressed  by  a  displaced. frag- 
ment ;  and  they  have  even  been  knoAvn  to  become  interposed  between  the 
broken  ends.    As  the  fracture  nnites  a  neighbouriug  nerve  may  occasionally 
become  imbedded  in  the  callus,  and  thus  compressed.    The  most  frequent 
complications  of  this  kind  occur  in  the  upper  limb,  the  musculo-spiral,  from 
its  intimate  relation  to  the  humerus,  being  peculiarly  liable  to  suffer.  The 
brachial  plexus  is  occasionally  injured  in  fractures  of  the  clavicle  and  of  the 
upper  end  of  the  humerus,  the  ulnar  nerve  in  fractures  of  the  lower  end  of 
that  bone,  and  the  external  pophteal  in  injuries  of  the  upper  part  of  the  fibula. 
Other  nerves  are  but  rarely  affected.  The  symptoms  are  those  already  described 
in  the  chapter  on  injuries' of  nerves  as  occurring  in  consequence  of  wounds  or 
pressure.    If  the  impainnent  of  function  comes  on  at  a  later  period,  during 
repair  of  the  fracture,  it  may  be  concluded  that  it  is  due  to  the  pressure  of 
callus.    It  is  wiser  in  all  fractures  in  which  an  injury  to  a  nerve  is  likely  to 
occur,  to  examine  for  it  before  applying  the  splints,  otherwise  it  will  be  over- 
looked till  the  apparatus  is  finally  removed,  and  it  is  then  impossible  to  say 
whether  the  paralvsis  is  due  to  an  injury  at  the  time  of  the  accident  or  to  the 
pressure  of  callus."  Xo  treatment  is  required  beyond  galvanism  of  the  paralysed 
muscles  when  the  injurv  is  merely  due  to  bruising  at  the  time  of  fracture  If 
recoverv  does  not  take  place  spontaneously,  and  if  there  is  reason  to  believe 
that  the  nerve  is  divided  or  surrounded  by  callus,  an  operation  may  be  under- 
taken at  a  later  period.    Bruns  mentions  30  cases  in  which  such  operations 
have  been  performed,  iu  20  of  which  the  musculo-spiral  was  the  nerve  alfected. 
In  most  of  these  it  was  necessary  to  remove  the  callus  surrounding  the  nen^e 
by  means  of  a  chisel.    Complete  restoration  of  function  followed  in  24  cases. 

Comminution.— However  extensively  a  bone  may  be  comminuted,  good 
union  wUl  take  place  provided  the  fracture  be  simple ;  that  is,  provided  no 
wound  exist  in  the  limb  by  which  air  may  gain  admission  to  the  fracture  or 
to  the  soft  parts  implicated  in  it.  I  have  seen  the  lower  end  of  the  femur 
crushed,  as  if  by  a  sledge-hammer,  into  a  multitude  of  fragments  ;  and  yet 
excellent  union  resulted,  the  fracture  behig  simple.  In  such  a  case  as  this, 
if  there  had  been  the  smallest  wound  to  admit  air  into  the  limb,  and  decom- 
position of  the  effused  blood  had  followed,  the  patient's  limb,  if  not  his  lite, 
would  have  been  lost.  It  is,  in  fact,  impossible  to  over-estimate  the  advantage 
of  an  injury  of  this  kind  being  sKbcutaneous.  _ 

A  serious  complication  of  simple  fi-actures  consists  in  their  Implicating  a 
Joint.  The  fracture  may  extend  into  a  neighbouring  articulation,  and  thus 
<ave  rise  to  considerable  inflammation ;  in  strumous  subjects  this  may  lead 
to  ultimate  disorganization  of  the  articulation,  requiring  excision,  which  i 
have  several  times  had  occasion  to  perform  in  these  cases.  But  m  neaitny 
individuals  a  large  articular  surface  may  be  traversed  by  lines  of  fracture  in 
several  directions,  without  material  inconvenience  resulting,  ihis  we  see  in 
impacted  fractures  of  the  condyles  of  the  femur  or  of  the  lower  end  of  the 
ra.lius.  In  several  instances  of  this  kind  in  which  I  have  examined  the  limb 
after  death,  no  sign  of  disease  of  the  part  has  been  manifested  beyond  a 
moderate  amount  of  injection  of  the  ligaments ;  the  fractured  incrusting-^  cartilage 
being  united  by  plastic  matter,  and  the  synovia  being  clear  and  free  fi-om 
inflammatory  exudation.    But,  although  union  of  fractures  extending  into 
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articulations  takes  place  readily  enou-h,  it  cannot  be  expected  that  the  patient 
w.U  recover  with  as  mobile  a  joint  as  if  the  fracture  had  traversed  merely  the 
^hatt  In  tact,  in  the  majority  of  these  cases,  the  patient  will  l^e  left  with  a 
]omt  that  IS  weak,  stiflP,  and  painful :  and,  if  in  the  lower  extremity,  the  limb 
may  be  unable  to  support  the  weight  of  the  body  for  some  considerable  time 
1  ossibly  also,  m  many  of  these  instances,  an  impaired  joint  will  be  left  throu-h 
Me,  as  the  necessary  and  unavoidable  result  of  the  iujurv,  though  not  unfre- 
quently  unjustly  attributed  to  negligence  and  want  of  skill  on  the  part  of  the 
hurgeon.  Hence  it  is  a  wise  precaution  for  the  Surgeon  when  called  to  a  case 
of  fracture  involving  any  one  of  the  six  larger  articulations,  viz.,  the  shoulder 
elbow,  wrist,  hip,  knee,  or  ankle,  to  warn  the  patient  that  some  dem-ee  of 
impairment  of  the  free  use  of  the  limb  will  in  all  probabihty  result 

In  cases  of  simple  fracture  occurring  in  the  neighbourhood  of,  or  implicatin<^ 
large  joints,  passive  motion  is  very  commonly  recommended  at  the  end  of  from 
four  to  SIX  weeks ;  I  think,  however,  with  Vincent,  that  it  is  often  apt  to  do 
niore  harm  than  good,  and  is  seldom  required,  the  natural  action  of  the  muscles 
of  the  part  being  fully  sufficient  to  restore  the  movements  of  the  articulation 
with  the  assistance  of  friction  and  douches. 

The  occurrence  of  Dislocation  at  the  same  time  and  from  the  same 
violence  as  the  fracture  often  causes  great  difficulty  to  the  Sur^^eon  as 
It  becomes  necessary  to  reduce  the  dislocated  joint  before  the  fracture  is 
consolidated.  In  several  instances  of  this  description  which  have  come  under 
my  care,  I  have  succeeded  in  reducing  the  dislocation  at  once,  by  puttin^^ 
up  the  hmb  very  tightly  in  wooden  splints,  so  as  to  give  a  degree  of  solidity  to 
it,  and  to  permit  the  lever-like  movement  of  the  shaft  of  the  bone  to  be  em- 
ployed ;  and  then,  putting  the  patient  under  chloroform,  I  have  replaced  the 
bone  without  much  difficulty.  Should  the  Sm-geon  have  omitted  to  reduce  the 
dislocation  in  the  first  instance,  be  must  wait  until  the  fracture  has  become 
firmly  united,  and  then,  putting  the  limb  in  splints  or  in  starch,  he  may  try 
to  effect  reduction,  which,  however,  will  then  be  very  difficult. 

In  addition  to  the  foregoing  complications  I  have  met  with  many  others, 
such  as  fi-acture  in  a  limb  which  is  the  seat  of  an  Old  Unreduced  Disloca- 
tion, or  an  Ankylosed  Joint,  or  in  the  Site  of  an  Excised  Joint  or  in  the 
Stump  of  an  Amputated  Limb.  In  such  cases  union  has  taken  place 
readily,  the  splints  being  necessarily  modified  in  such  a  way  as  to  adapt  them 
to  the  altered  form  of  the  limb. 

Amputation  is  only  required  in  simple  fractures  for  gansrrene  either  from 
tight  bandaging,  the  direct  effect  of  the  injury  to  the  "soft  parts,  or  wound 
of  the  main  vessels.  These  complications  are  very  rare,  and  I  have  never 
been  obliged  to  amputate  for  a  simple  fracture.  No  amount  of  comminution 
will  necessitate  the  operation  if  the  skin  and  the  main  vessels  are  sound.  I 
have  had  under  my  care  a  man,  in  whom  the  condyles  of  both  femora  and  the 
left  patella  were  crushed  into  numerous  pieces  by  a  fall  from  a  great  hcit^ht 
on  the  knees,  the  limbs  at  the  seat  of  the  injury  feeling  like  bac:s  of  loose 
fragments  of  bone  ;  yet,  as  neither  the  skin  was  broken  nOr  the  niain  vessels 
injured,  though  both  knee-joints  appeared  to  be  disorganized,  the  limbs  were 
preserved,  and  good  union  ensued. 

Compound  Fractuhe. — A  compound  fracture  is  that  form  of  injury  in 
which  there  is  an  open  wound  leading  down  to  the  broken  bone  at  the  seat  of 
fracture.    Thus  the  term  includes  injuries  varying  in  severity  from  a  single 


COMPOUND  FRACTURE. 


553 


iVacfciiro  complicated  by  a  small  punctured  Avound  of  the  skin  made  by  one  of 
the  fragments  to  a  complete  smash  of  the  whole  limb,  such  as  is  made  by  a 
railway-train  passing  over  it.    Compound  fractures  therefore  include  many 
injuries  far  more  severe  than  any  simple  fracture  can  possibly  be  :  but,  in 
a  very  large  proportion  of  cases,  the  injury  to  the  soft  parts  and  the  splintering 
of  the  bone  are  no  greater  than  in  many  simple  fractures,  the  sole  difference 
being  that,  in  the  one  case,  there  is  a  wound  by  which  the  causes  of  decom- 
position can  find  access  to  the  decomposable  blood-clots  and  inflammatory 
exudation  surroimding  the  broken  ends  of  the  bone,  while  in  the  other  they 
are  excluded  by  the  unbroken  skin.    As  a  consequence  of  this,  unless  special 
means  are  taken  to  prevent  it,  decomposition  sets  in,  the  blood-clot  breaks 
down  and  is  discharged,  and  the  septic  matter  in  the  cavity  of  the  wound 
excites  inflammation,  reaching  the  stage  of  suppuration,  in  the  surrounding 
tissues.    Portions  of  the  bruised  muscles  and  the  torn  periosteum,  which  ni  a 
simple  fracture  would  either  have  recovered,  or  if  too  severely  injured  woukl 
have  been  penetrated  by  wandering  leucocytes  and  absorbed,  may  perish  m 
consequence  of  the  additional  irritation  caused  by  the  septic  matter  and 
finally  be  cast  off  as  sloughs.    From  the  same  causes  portions  of  the  ends  of 
the  bones  which  may  have  become  denuded  of  their  periosteum,  or  detached 
splinters,  perish  and  come  away  as  sequestra.    In  many  cases  also  the  external 
wound  is  too  small  to  allow  of  efiicient  drainage,  and  consequently  the  pent-up 
septic  matter  burrows  widely  in  the  intermuscular  spaces  of  the  limb.  If, 
therefore,  the  decomposition  of  the  discharges  cannot  in  some  way  be  pre- 
vented, a  compound  fracture  is  not  only  far  more  tedious  in  its  cure  than  a 
simple  fracture,  but  infinitely  more  dangerous.    It  has  to  unite  by  a  slow 
process  of  granulation  instead  of  the  more  speedy  mode  of  union  already 
described  as  occurring  in  simple  fractures.    The  chief  dangers  of  a  compound 
fractm-e,  however,  arise  from  the  decomposition  of  the  discharges.  During 
the  first  week  there  may  be  severe  septic  fever  ;  the  stages  of  granulation  and 
suppuration  are  often  attended  by  profuse  discharge  of  pus  fi-om  the  original 
wound  and  fi'om  abscesses  forming  amongst  the  smTounding  muscles,  main- 
tained for  a  long  time  by  exfoliation  from  the  ends  of  the  fractured  bone. 
The  patient  may  thus  be  worn  out  by  the  prolonged  suppuration  and  the 
persistent  absorption  of  the  products  of  putrefaction  ;  or  the  wound  may 
become  the  seat  of  some  infective  process,  and  death  may  occur  from  septic- 
emia, pyaemia  or  erysipelas.    In  other  cases  the  septic  inflammation  may 
spread  to  the  medulla  of  the  bone,  causing  diffuse  osteomyehtis,_ followed  by 
extensive  necrosis,  a  condition  frequently  terminating  in  pyaemia.    Thus  a 
compound  fracture  leads  not  unfrequently  to  the  eventual  loss  of  life  or  limb. 
Besides  these  dangers,  which  may  be  looked  upon  as  indirect,  the  violence 
that  occasions  a  compound  fracture  often  shatters  the  limb  to  such  an  extent 
as  to  lead  to  the  immediate  supervention  of  traumatic  gangrene,  to  the  loss  of 
life  by  hjemorrhage,  or  to  the  certain  and  speedy  disorganization  of  the  hmb, 
as  the  consequence  of  the  subsequent  inflammation. 

Union  of  Compound  Tracture.— If  the  superficial  wound  heal  by  the 
first  intention,  or  if  the  evil  effects  of  decomposition  of  the  discharges  can 
be  prevented,  a  compound  may  unite  in  exactly  the  same  way  as  a  simple 
fracture.  Under  other  circumstances  union  takes  place  more  slowly  by 
granulation,  just  as  in  wounds  of  the  soft  parts  healing  by  the  second  inten- 
tion.   If  the  injury  of  the  soft  parts  be  but  slight  and  the  drainage  good,  the 
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first  process  is  an  al)iiiRlant  inflammatory  exudation  from  the  vessels  of  tlie 
injured  tissues.    Tiiis  consulates,  the  serum  draining  awav  partly  by  the  open 
wound  and  partly  by  the  lymphatics,  aud  the  fibrin,  entanoling'the  white 
corpuscles  in  the  meslies  of  its  coagulum,  forms  a  layer  of  "coagulable  lymph  " 
or  plastic  exudation,  which  covers  the  injured  soft  parts  and  closes  the  inte'r- 
muscuhir  spaces.    The  exudation  is  very  abundant  round  the  bone,  and  the 
swollen  and  infiltrated  periosteum,  fused  with  the  neiglibouring  tissues,  soou 
forms  a  soft  mass  surrounding  the  broken  ends,  as  in  a  simple  fracture 
Similar  changes  occur  in  the  medulla.    Then  follow  the  fbi-mati(.n  of  new 
vessels  and  the  development  of  granulation-tissue  ;  the  wound  slowly  closes 
up  from  the  bottom,  the  broken  ends  becoming  by  degrees  completely  imbedded 
in  the  growing  granulation-tissue.    Finally,  ossification  takes  place.  This 
commences  in  contact  with  the  bone  on  each  side  in  the  grauulation-tissue  at 
the  point  furthest  from  the  seat  of  fracture.    It  occurs  without  the  previous 
formation  of  cartilage,  even  in  tlie  lower  animals,  or  at  any  rate  with  the 
development  of  merely  a  few  irregular  islets.    The  intercellular  substance 
increases  m  quantity,  the  cells  assume  the  angular  form  of  osteoblasts,  and 
then  follow  the  deposit  of  lime-salts  and  the  development  of  true  bone.  The 
new  bone  gradually  encroaches  on  the  granulation-tissue,  and  the  fractured 
ends  are  surrounded  by  it.    The  remaining  changes  are  the  same  as  those  in 
a  simple  fi-acture.    In  cases  in  which  the  injury  has  been  more  severe  and  in 
which  the  process  is  complicated  by  the  presence  of  portions  of  muscle  which 
have  been  either  directly  killed  by  the  violence  which  caused  the  fracture,  or 
have  perished  from  the  combined  effects  of  the  injury  and  of  the  imtation  of 
decomposing  discharges,  or  by  loose  splinters,  the  process  of  union  cannot 
take  place  till  these  are  separated  by  ulceration  from  the  surrounding  living 
parts  and  are  thrown  off.    In  other  cases  in  which  the  denuded  ends  of  the 
bones  perish,  the  process  of  separation  may  not  be  complete  for  many  months 
after  the  injury.    Under  these  circumstances  the  sequestra  maybe  surrounded 
by  a  mass  of  new  bone  uniting  the  upper  and  lower  fragments  and  perforated 
by  openings  for  the  discharge  of  pus  from  the  granulations  lining  the  cavity 
in  which  the  dead  bone  lies,  and  thus  a  tolerably  fiim  union  may  take  place 
long  before  the  wound  has  healed.    This  process  necessarily,  in  the  great 
majority  of  cases,  occupies  a  much  longer  time  than  that  which  is  requii-ed  for 
the  union  of  a  simple  fracture.   The  majority  of  compound  fractures,  however, 
unite  without  the  occurrence  of  necrosis. 

Question  of  Amputation.— The  first  question  that  presents  itself  in  a 
case  of  comi)ound  fracture  is,  whether  the  limb  should  be  removed,  or  an 
attempt  be  made  to  save  it.  It  is  of  great  importance  to  settle  this  point  at 
once  ;  for,  if  amputation  be  determined  upon,  it  should  be  done  with  as  little 
delay  as  possible,  there  being  no  period  in  the  progress  of  the  case  so  favourable 
for  operation  as  the  first  twenty-four  houi-s.  Should  an  injudicious  attem]it 
have  been  made  to  save  the  limb,  the  Surgeon  must  wait  until  suppuration 
has  been  set  up  and  the  septic  fever  is  beginning  to  subside  before  he  can 
amputate ;  and  then  possibly  the  occurrence  of  some  of  the  diffuse  inflammatory 
affections  may  render  any  operation  impracticable  :  or  the  supervention  of 
traumatic  gangrene  may  compel  him  to  am])utate  in  the  most  unfavourable 
circumstances.  At  a  late  period  in  the  progress  of  the  case,  umi^utation  may 
be  required,  in  order  to  rid  the  patient  of  a  suppurating  limb  that  is  exhausting 
him  by  profuse  discharge. 
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That  primary  amputations  arc  often  fatal,  especially  when  practised  near 
the  trunk  cannot  be  urged  as  an  argument  against  their  performance,  a& 
recourse  should  never  be  had  io  primary  amputation  unless  it  is  evident  that 
the  patient's  life  must  in  all  probability  be  sacrificed  by  an  attempt  to  save 
the  hmb.  In  determining  the  cases  in  which  immediate  amputation  should 
be  performed,  much  must  be  left  to  the  individual  judgment  and  expericuce 
of  the  Surgeon.  One  will  attempt  to  save  a  limb  which  another  would  con- 
demn. Bui  he  must  bear  in  mind  that,  though  it  is  imperative  to  do  every- 
thing in  his  power  to  save  a  liml),  yet  the  preservation  of  a  patient's  life  is 
the  main  point,  and  that  course  is  the  proper  one  which  offers  the  greatest 
prospect  of  effecting  this.  A  wise  conservatism  is  much  to  be  applauded,  but 
decision  in  determining  the  expediency  of  amputation  is  equally  characteristic 
of  a  good  Surgeon.  He  must  consider,  not  only  the  nature  and  extent  of  the 
fractSre,  but  the  age,  constitution,  and  habits  of  the  patient  :  and  though  he 
may  be  guided  by  those  general  rules  which  have  already  been  laid  down  at. 
pp.  331  and  353,  when  treating  of  amputation  in  contused  wounds  and  in 
gun-shot  injuries,  yet  he  will  often  show  more  wisdom  in  departing  from  the 
fetter  of  the  law  in  making  a  successful  effort  to  save  a  limb,  which,  by  strict 
surgical  precepts,  would  be  condemned  ;  or  in  attempting  to  preserve  the 
patient's  life,  by  sacrificing  a  limb  that  is  not  injured  to  a  degree  that  would 
usually  be  considered  to  justify  amputation. 

1.  It  may  be  laid  down  as  a  general  rule  to  which  there  are  few  excep- 
tions, that,  with  the  improved  methods  of  wound-treatment  at  our  com- 
mand, all  compound  fractures,  the  result  of  indirect  violence,  in  which  the 
wound  is  made  by  the  fragments  of  the  broken  bone,  should  be  saved,  provided 
the  main  vessels  of  the  limb  are  uninjured. 

2.  Fractures  by  direct  violence  in  which  the  same  force  injures  the  soft 
parts  and  breaks  the  bone,  are,  as  a  rule,  less  favourable.  In  such  cases  there 
is  often  much  laceration  of,  and  extravasation  into,  the  soft  parts.  The  integu- 
ments 7nay  be  stripped  off,  portions  of  the  muscular  bellies  may  protrude,  and 
the  planes  of  areolar  tissue  between  the  muscles  of  the  limb  may  be  torn  and 
infiltrated  with  blood.  Injuries  of  this  description  occurring  in  the  lower 
extremity  always  require  amputation.  In  the  upper  limb,  even  after  very 
extensive  injuries  of  this  kind,  the  limb  may  often  be  saved,  unless  the  bones 
be  greatly  comminuted.  The  danger  of  the  operation  in  these  cases  does  not 
depend  upon  the  degree  of  injury  to  the  soft  parts  and  bones,  but  upon  the 
proximity  of  the  fracture  to  the  trunk  (see  pp.  83  and  356).  Amputation  of 
the  thigh  high  up  for  fracture  of  the  femur  is  very  rarely  followed  by 
recovery. 

3.  The  complication  of  a  compound  ixacture  with  the  Wound  of  a  Large 
Joint  is  always  serious,  but  does  not  in  itself  necessitate  amputation,  provided 
the  patient  be  of  sound  constitution  and  be  placed  in  such  circumstances  that 
efficient  antiseptic  treatment  can  be  carried  out  and  perfect  rest  and  drainage 
maintained.  If  there  be  much  crushing  or  splintering  of  the  bones,  with 
laceration  of  the  soft  parts,  operative  interference  becomes  necessary.  In  the 
lower  limb  amputation  should  be  performed,  unless  it  be  the  hip- joint  tiiat  is 
damaged,  when  there  will  generally  be  so  much  injury  of  the  pelvic  bones  and 
their  contained  viscera,  as  to  preclude  tiie  performance  of  any  operation. 
In  the  upper  limb,  if  tiie  bones  are  comminuted,  but  the  soft  parts  not  too 
extensively  injured,  excision  may  be  substituted  for  amputation,  especially  in 
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the  shoulder  or  elbow- joiufc.  This  operation  is  usually  a  somewhat  irregular 
proceeding,  consisting  rather  in  picking  out  the  shattered  fragments  of  bones, 
and  sawing  off  projecting  and  sharp-pointed  fragments,  than  in  methodical 
excision.  In  children  recovery  without  operation  may  often  be  obtained  in 
cases  that  would  be  hoi)eless  in  the  adult. 

Separation  of  an  Epiphysis,  with  Protrusion  of  the  End  of  the 
Shaft  through  the  Skin,  is  occasionally  met  with  in  young  people,  and  may 
be  mistaken  for  a  fracture  implicating  the  joint,  but  in  these  cases,  although 
the  fracture  is  in  close  vicinity  to  the  joint,  the  articulation  is  not  affected, 
and  careful  examination  will  always  prove  its  sound  condition.  Reduction  is 
difficult,  and  it  is  sometimes  impossible  to  maintain  it  without  sawing  off  the 
projecting  end  of  the  shaft.  This  is  easily  done,  and  union  takes  place  readily 
between  the  epiphysis  and  the  remainder  of  the  shaft.  In  two  instances  in 
which  I  have  had  to  do  this  in  lads,  one  near  the  shoulder,  the  other  near  the 
ankle,  an  excellent  result  without  impairment  of  the  joint  followed  the 
operation. 

4.  When  one  of  the  larger  Arteries  of  the  Limb  has  been  wounded  l  iy 

the  violence  that  occasions  the  fracture,  or  has  been  lacerated  by  the  Ijrokeu 
bone  itself,  there  may  be  copious  arterial  hemorrhage  externally,  as  well  as 
extravasation  into  the  general  areolar  tissue  of  the  limb.  In  such  cases,  whilst 
the  patient  is  being  examined,  and  preparation  made  for  operation,  dangerous 
loss  of  blood  must  be  prevented  by  the  application  of  a  tourniquet.  For  want 
of  this  simple  precaution,  I  have  seen  very  large  and  even  fatal  quantities  of 
blood  gradually  lost,  by  being  allowed  slowly  to  trickle  from  the  wound. 

The  treatment  of  this  complication  will  depend  upon  the  amount  of  hemor- 
rhage and  the  size  of  the  vessel  wounded.  If  the  vessel  be  small  and  the 
bleeding  slight,  elevation  of  the  limb  and  the  application  of  cold  may  be  tried. 
If  these  fail,  or  if  the  haemorrhage  be  more  copious,  the  Surgeon  should  be 
prepared  to  amputate,  but  before  doing  so  an  attempt  should  always  be  made 
to  expose  the  artery  at  the  bleeding  point,  and  to  tie  it  above  and  below  the 
wound  in  its  coats.  In  this  the  Surgeon  will  often  fail,  owing  to  the  displace- 
ment of  the  parts  and  the  infiltration  of  the  tissues  with  blood,  which  may 
make  it  impossible  to  find  the  injured  vessel.  Under  these  circumstances  he 
should  not  prolong  the  search  to  an  extent  which  would  materially  increase 
the  disorganisation  of  the  limb. 

The  ligature  of  the  artery  at  a  higher  point  of  the  limb  does  not  hold  out 
much  prospect  of  success,  for  the  same  reasons  that  render  its  performance 
inadmissible  in  ordinary  wounds  of  arteries  (p.  447).  This  operation  has 
succeeded  in  restraining  htemorrhage  or  in  cm-ing  diffused  traumatic  aneurism 
in  simple  fractures,  but  I  know  of  no  case  in  which  it  has  been  successful  in 
the  permanent  arrest  of  inimary  hemorrhage  in  a  compound  fi-acture.  If. 
then,  proper  means  directed  to  the  wound  lie  not  successful,  no  course  is  left 
to  the  Surgeon  but  to  amputate  the  limb  without  delay.  Secondary  hemor- 
rhage occurring  in  the  course  of  treatment  of  a  compound  fracture  of  the  lower 
extremity  is  very  rare,  and  far  less  serious  than  pi-imary.  It  has  been  arrested 
by  pressure  and  bandaging,  and  in  many  cases  l)y  ligature  of  the  superficial 
femoral.  Amputation,  therefore,  may  be  delayed  in  these  cases  untd  after  the 
consecutive  employment  and  failure  of  these  two  methods. 

5.  Comminution  or  Splintering  of  the  Broken  Bone  is  always  a  senous 
complication,  but  if  drainage  can  be  established  and  decomposition  prevented, 
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it  is  robbed  of  most  of  its  dangers.    Should  the  wound  become  septic,  exten- 
sive suppuration  will  set  in  ;  the  splinters,  if  completely  or  nearly  detached, 
will  lose  their  vitality,  and  not  only  produce  all  the  irritation  that  would  result 
from  the  inclusion  of  rough  and  pointed  foreign  bodies  in  the  interior  of  a 
limb,  but,  if  numerous,  will,  on  their  removal  or  separation,  leave  the  member 
shortened  and  permanently  deformed.  The  treatment  of  such  cases  will  depend 
on  the  seat  of  the  injury,  and  the  extent  of  the  comminution.   Compound  and 
comminuted  fractures  of  the  feunu-  may,  except  when  occurring  in  the  upper 
third,  o-enerally  be  looked  upon  as  cases  for  immediate  amputation  (see- 
p.  354)°;  the  only  other  exceptions  being  when  the  comminution  is  triflings 
the  splinters  large,  and  lying  in  the  axis  of  the  bone,  and  the  subject  young. 
In  the  arm,  fore-arm,  and  hand,  and  in  the  leg,  provided  the  knee  and  ankle- 
joints  be  not  involved,  much  may  be  done  in  the  way  of  i-emoving  sphnters  of 
detached  bone,  and  sawing  off"  smoothly  the  rugged  ends  of  the  main  fragments. 
The  larger  attached  and  "  secondary  "  pieces  should  be  left,  as  they  will  throw 
out  callus,  and  become  buttresses  of  support  to  the  broken  bone  (see  p.  350). 
If  a  considerable  quantity  of  splintered  bone  have  been  extracted  from  a  limb, 
care  must  be  taken  that  in  putting  up  the  fracture  too  complete  extension  is- 
not  maintained,  lest  a  gap  be  left,^  which  cannot  be  filled  up  by  new  bone,  and 
a  weakened  limb  result.    It  is  better  to  place  the  bones  in  proper  apposition, 
and  to  let  the  patient  recover  with  a  shortened  but  strong  and  otherwise  useful 
limb. 

6.  In  the  case  of  a  bad  Compound  Fracture  requiring  Amputation 
low  down  in  a  Limb,  with  a  Simple  Tracture  high,  up,  should  the 
amputation  be  performed  above  the  compound  and  below  the  simple  fracture, 
or  above  both  ?  The  answer  to  this  must  depend  on  the  condition  of  the  limb 
between  the  fractures.  Suppose  that  there  be  a  badly  comminuted  and  com- 
pound fracture  of  the  lower  third  of  the  leg,  with  a  simple  fracture  of  the 
middle  of  the  thigh  ;  or  a  crash  of  the  hand  or  fore-arm,  with  simple  fracture 
of  the  middle  of  the  humerus.  The  proper  course  to  adopt  if  the  intermediate- 
soft  parts  are  sound,  fi-ee  from  extravasation,  not  contused  or  lacerated,  is  to 
remove  the  limb  just  above  the  lower  fracture,  the  upper  fracture  being  treated 
on  ordinary  principles.  But  if  there  be  extensive  bruising  of  the  limb  with 
ecchymosis  or  deep  extravasation  between  the  fractures,  then  it  would  olearly 
be  useless  to  amputate  low  down,  as  not  only  would  the  stump  have  to  be 
formed  of  severely  injured  tissues,  but  if  septic  inflammation  set  in  at  the  seat 
of  operation,  it  would  speedily  spread  upwards  to  the  higher  fracture,  convert- 
ing it  into  a  compound  one  of  the  worse  kind.  In  such  cases,  therefore,  the 
proper  course  for  the  Surgeon  to  pursue  is  to  remove  the  limb  at  or  above  the 
line  of  the  higher  fracture. 

7.  The  complication  of  a  Dislocation  high  up,  with  a  compound  Frac- 
ture low  down,  is  not  so  serious.  The  dislocation  having  been  reduced,  the 
fracture  is  to  be  treated  according  to  the  principles  already  laid  down.  If 
amputation  be  required  it  may  be  safely  performed,  as  in  a  case  under  my  care 
some  years  since,  in  which  I  had  occasion  to  amputate  the  fore-arm  of  a  young 
man  for  a  bad  crush  by  machinery,  the  case  being  complicated  by  a  dislocation 
of  the  humerus. 

In  some  cases  in  which  there  is  great  doubt  as  to  the  possibility  of  saviug 
the  limb,  especially  in  compound  fractures  of  the  upper  limb  and  foot,  the 
injured  part  may  be  dressed  antiseptically,  and  amputation,  if  nedessary,  per- 
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fonned^  at  ii  later  period.  Tlie  exclusion  of  putrefaction  will  prevent  tlie 
septic  fever,  the  spreading  inflammation,  and  the  dangers  of  general  infection, 
which  in  former  times  made  it  safer  to  jjerform  a  primary  amputation  in  all 
cases  in  which  the  prospects  of  roco\-ery  Avitliout  operation  were  very  douljtful. 

TuKA'iwi  HXT  m  Compound  Fuactitki.;.— In  the  management  of  a'compound 
fracture,  more  especially  of  the  lower  extremity,  special  appai-atus,  such  as 
M'lntyre's,  Jiistou's,  or  the  bracket-splints,  double  inclined  planes,  swing-boxes, 
and  ft-acture-beds,  are  often  necessary,  in  order  to  obtain  access  to  the  wound,' 
so  as  to  dress  it  properly,  and  to  place  the  limb  in  the  best  position  for  union.' 
In  many  cases  the  starched  or  plaster-bandage  may  very  advantageously  be 
used  ;  but  it  requires  caution,  as  swelling  and  consequent  strangularion  of  the 
limb  may  take  place  under  it. 

There  are  several  points  that  require  special  attention.  These  are  :  ],  the 
Eeduction  and  the  Management  of  any  Protruding  Jione  ;  2,  the  Management 
of  Sphnters  ;  3,  the  Treatment  of  Oozing  of  Blood  ;  4,  the  Treatment°of  the 
Wound.  Together  these  make  up  the  whole  treatment  of  these  injuries,  in 
cases  in  which  it  is  possible  to  save  the  limb. 

1.  The  Reduction  of  compound  fractures  must  be  accomplished  with 
the  same  care  and  gentleness  as  that  of  simjile  ones.  In  the  majority 
of  cases,  no  great  difficulty  is  experienced  ;  and  after  reduction,  the  limb 
should  be  placed  on  a  well-padded  splint,  properly  protected  in  the  neigh- 
bourhood of  the  wound  with  oiled  silk,  so  as  to  jDrevent  soiling  of  the  pads 
by  blood  and  discharge.  In  some  cases,  however,  considerable  difficulty 
arises  in  the  reductiop,  from  the  protrusion  of  one  of  the  broken  fragments 
which  has  been  driven  through  the  skin,  at  the  time  of  the  accident,  or  liy 
careless  handling  of  the  limb  in  carrying  the  patient,  or  else  by  the  mnscular 
contractions  dragging  the  lower  fragment  forcibly  upwards,  and  thus  causing 
perforation  of  the  integument.  The  protruded  bone,  after  being  carefully 
cleaned  with  some  antiseptic  solution,  must,  if  possible,  be  gently  replaced,  by 
relaxing  the  muscles  of  the  limb,  and  then  bringing  the  soft  parts  over  it. 
Sometimes,  however,  it  is  so  tightly  embraced  by  the  skin,  which  appears  to 
doubled  in  underneath,  that  enlargement  of  the  wound  becomes  necessarv 
Ijefbre  it  can  be  replaced.  In  other  cases,  again,  reduction  cannot  be  eficcted 
or  maintained,  unless  the  sharp  and  projecting  point  of  bone  be  sawn  off. 
This  is  best  done  with  an  ordinary  amputating  saw,  the  neighbouring  soft 
parts  being  protected  with  a  split  card  ;  or  else  by  passing  the  blade  of  a 
Butcher's  saw  under  the  bone  and  cutting  upwards.  The  limb,  as  I  have 
found  in  several  cases  in  which  it  has  been  necessary  to  have  recom-se  to  this 
procedure,  is  not  ultimately  weakened  or,  necessarily,  shortened  by  it. 

2.  In  the  Management  of  Splinters  the  Surgeon  will  be  guided  by  tlie 
circumstances.  If  the  splinter  be  completely  loose  and  small  it  is  always 
better  removed.  If  it  be  very  large,  two  inches  or  more  in  length,  forming  in 
fact  rather  a  fragment  of  the  bone  than  a  splinter,  it  may  be  left,  even  when 
completely  loose.  If  a  splinter  is  still  attached  by  ]ien'osteum  it  may  usually 
be  safely  left,  even  when  small. 

3.  Treatment  of  Oozing  of  Blood, — In  cases  of  which  there  is  evidently 
no  ira[»<jrtarit  vessel  wounded,  blood  often  continues  to  ooze  slowly  from  the 
wound,  and  it  becomes  a  question  whether  anything  should  be  done  to  arrest 
it.  The  only  means  at  our  command  are  elevation  of  the  limb,  cold,  and 
pressure.    The  two  former  of  these  may  be  resorted  to  whenever  the  oozing 


TREATMENT  OF  COMPOUND  FKACTUJiE.  559 

may  seem  sufficient  to  render  it  necessary,  but  pressure  should  be  avoided  if 
possible.  The  blood  is  coming  in  all  probabihty  from  the  deep  parts,  veiy 
often  from  the  bone  itself;  pressure,  therefore,  cannot  be  applied  to  the 
bleeding  surface.  If  applied  externally  it  merely  causes  the  intermuscular 
spaces  and  the  cavity  of  the  wound  to  be  distended  with  blood,  and  should 
decomposition  follow  the  consequences  are  most  serious.  The  oozing  will 
always  stop  by  itself  after  a  few  hours,  and  if  the  patient  should  lose  a  few 
ounces  of  blood  in  that  way  it  is  better  than  having  the  same  quautity 
extravasated  into  the  limb. 

4.  The  Treatment  of  the  Wound. — After  reduction  the  great  object  is, 
if  possible,  to  obtain  union  of  the  external  wound  by  the  first  intention  or  by 
healing  under  a  scab,  thus  converting  the  compound  into  a  simple  fi-acture 
and  avoiding  the  danger  of  suppuration.  If  the  wound  be  small,  clean-cut, 
and  occasioned  by  the  protrusion  of  the  fragment  rather  than  by  the  direct 
violence  which  occasioned  the  fracture,  we  may  hope  to  succeed  in  our  object. 
In  order  to  do  this  the  wound  must  on  no  account  be  washed  with  simple 
water,  which  would  materially  increase  the  risk  of  decomposition  taking  place 
in  the  extravasated  blood  or  serum.  If  an  efficient  antiseptic  solution  be  at 
hand,  such  as  carbolic  lotion  (1  in  20),  perchloride  of  mercury  (1  in  1000),  or 
tincture  of  iodine  (5ij.  to  Oj),  the  wound  and  the  surrounding  skin  should  be 
cleaned  with  this  and  allowed  to  dry.  If  no  such  means  are  at  hand,  the 
blood  should  be  wiped  away  with  a  clean  dry  linen  rag.  The  opening  may 
then  be  closed  in  the  way  recommended  by  Sir  A.  Cooper,  l)y  applying  a  piece 
of  lint  to  it  soaked  in  the  blood  and  allowing  it  to  dry.  A  better  plan  is  to 
seal  the  wound  with  lint  soaked  in  collodion  or  styptic  colloid,  or  in  compound 
tincture  of  benzoin.  In  this  way  an  artificial  scab  may  be  formed  beneath 
which  imion  may  take  place.  The  dressing  should  be  left  undisturbed  until 
it  loosens  of  itself,  at  the  end  of  a  week  or  two,  when  the  wound  will  probably 
be  found  to  be  closed.  If,  howe^■er,  the  patient  after  a  few  days  begins  to 
complain  of  pain,  if  the  temperature  rises  and  the  leg  becomes  red,  hot  and 
swollen,  the  crust  must  be  at  once  removed  ;  and  if  pus  flows  from  beneath  it, 
it  is  safer  at  once  to  enlarge  the  Avound  freely. 

Supposing  the  case  to  be  one  in  which  from  the  size  of  the  wound,  or  the 
amount  of  swelling,  it  is  evidently  impossible  to  hope  to  close  the  wound  by 
scabbing,  the  Surgeon  must  then  be  guided  by  the  same  principles  as^in 
tlie  treatment  of  any  other  open  wound.  The  objects  in  view  are,  1.  To 
clean  the  wound  thoroughly  ;  2.  To  provide  good  drainage  ;  3.  To  prevent 
decomposition  of  the  discharges  and  infection  of  the  wound  ;  and  4.  To 
maintain  perfect  rest. 

It  is  better  in  all  cases,  whatever  niode  of  dressing  it  is  intended  to  adopt, 
to  syringe  the  wound  out  with  some  cmliseptic  solution,  as  by  this  means  any 
dirt  which  may  have  been  forced  into  the  wound  at  the  time  of  the  accident, 
or  have  adhered  to  the  bone  if  it  have  been  protruded,  may  be  washed  out. 
'Y\\b  best  solutions  for  the  purpose  are  carbolic  acid  and  water  (1  to  20)  : 
solution  of  perchloride  of  inercury  (1  in  1000)  ;  tincture  of  iodine  and  water 
( 1  to  80)  ;  or  chloride  of  zinc  (20  grs.  to  an  ounce).  The  skin  round  the 
wound  must  also  be  cleaned  with  the  same  solution.  In  syringing  out  the 
wound,  a  glass  syringe  with  a  piece  of  stiff  india-rubber  tubing  on  the 
nozzle  should  be  used.  This  will  penetrate  all  parts  of  the  wound  an<l 
yet  is  not  rigid  enough  to  force  its  way  amongst  sound  tissues.  The 
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lotion  must  be  allowed  to  flow  out  freely,  so  as  to  avoid  injecting  the 
.suiToundmg  lymph-spaces  with  the  irritatino-  or  poisonous  antisejjtic  In 
many  compound  fractures  the  air  gets  sucked  in  by  tlie  m.jvements  of 
the  limb,  and  can  be  felt  crepitating  in  the  subcutaneous  tissue  for  some 
distance  on  each  side  of  the  wound.    In  these  cases  it  is  not  necessarv  to 
torce  the  solution  as  far  as  the  air  has  gone,  as  it  seems  to  deposit  its  dust 
close  to  the  wound,  where  it  can  be  easily  reached  by  the  disinfectant/  li'  the 
wound  IS  many  hours  old  or  very  dirty,  it  is  well  to  put  into  it  some  iodoform 
m  crystal  to  ensure  a  more  permanent  disinfecting  action.    Having  cleaned 
the  wound  thoroughly,  provmon  must  U  made  for  efficient  drainage.    In  manv 
cases  the  wound  is  large  enough  to  allow  of  perfect  drainage  ;  if  it  should  not 
be  so,  it  may  be  enlarged,  but  it  is  scarcely  ever  justifiable,  however  large  the 
wound  may  be,  to  insert  stitches.    If  the  skin  is  much  undermined,  a  counter- 
opening  may  often  be  made  with  advantage,  and  a  drainage-tube  inserted. 
ThQ  jjrevention  of  decomposition  of  the  discharges  and  infection  of  the  wound  is* 
carried  out  by  one  of  the  methods  of  dressing  already  described  in  the  Chapter 
on  Wounds.    Amongst  these  the  carbolic-gauze  dressing  will  be  found  one  of 
the  most  certain  and  most  successful,  and  a  few  points  require  notice  with 
regard  to  its  application  to  compound  fractures.    In  applying  the  dressing 
care  must  be  taken  in  wrapping  it  round  the  limb  to  see  that  it  is  so  arranged 
that  it  can  be  opened  when  it  requires  changing,  while  the  hmb  is  lying  well 
supported  and  in  a  comfortable  position.    Thus  in  the  case  of  a  fracture  of 
the  leg  treated  by  Oline's  lateral  splints,  the  edge  of  the  dressing  should  be 
under  the  internal  sphnt,  so  that  it  can  be  opened  without  disturbing  the  frac- 
ture while  the  leg  lies  on  the  outer  splint.    The  di-essings  must  Ibe  held  in 
])osition  by  the  splints  ;  no  bandage  must  be  put  on  under  the  splints,  as  it  is 
impossible  to  do  this  without  disturbing  the  ends  of  the  bone.    The  di-essiug 
must,  in  ordinary  cases,  be  changed  at  the  end  of  the  first  twenty-four  hours. 
It  will  be  found  to  be  soaked  in  an  abundant  red  serous  discharge  ;  the  wound 
will  be  completely  filled  by  a  smooth  layer  of  blood-clot,  level  with  the  skin, 
which  must  on  no  account  be  disturbed.    It  must  be  covered  immediatelv 
with  a  fresh  piece  of  "  protective  "  and  a  double  layer  of  wet  gauze,  and  the 
dressing  reapplied.    After  this  it  is  not  necessary  to  di-ess  the  wound  till  the 
discharge  shows  at  the  edge  of  the  dressing.    If  all  goes  well  the  blood-clot 
remains  unchanged,  cr  at  most  becomes  grey  on  the  surface  until,  after  a 
variable  period,  from  two  to  three  weeks,  it  -will  be  found  to  have  been  com- 
pletely replaced  by  granulation-tissue,  which  has  gradually  grown  up  from 
beneath  and  absorbed  it.    There  is  no  reason  to  believe  that  the  clot  itself 
becomes  organized.    If  the  wound  be  very  small  and  the  fracture  unaccom- 
panied by  much  injury  to  the  soft  parts,  it  frequently  happens  that  the  dressing 
can  be  left  unchanged  for  two  weeks  or  more,  when  the  wound  wiU  be  found 
to  have  healed  as  if  under  a  scab.    In  carrying  out  the  antiseptic  treatment 
by  the  carbolic-gauze  dressing,  the  spray  will  be  found  to  give  additional 
security,  but  it  is  not  an  essential  jiart  of  the  treatment.    Unskilful  dressing 
will,  however,  undo  half  the  good  done  by  the  prevention  of  decomposition  ; 
the  superficial  clot  is  broken  down,  the  growing  granulation -tissue  torn,  and 
suppuration  frequently  follows  rough  handling  during  the  time  the  dressing 
is  being  changed.    The  results  of  the  mode  of  treating  compound  fractures 
which  has  just  been  described  have  been  very  satisfactory. 

The  dry  absorbent  antiseptic  dressings,  such  as  iodoform-wool,  salicylic 
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wool,  salicylic  silk,  sublimate  wood-wool,  &c.,  applied  as  lasting  dressings,  also 
give  excellent  results.  In  using  these  the  limb  may  he  kept  in  position  by 
rods  of  soft  iron  covered  with  india-rubber,  or  by  pieces  of  strong  telegraph- 
wire  bent  so  as  to  fit  the  limb.  These  may  be  washed  with  an  antiseptic 
fluid  and  enclosed  in  the  dressing,  the  parts  beyond  the  dressing  being  fixed 
by  a  plaster  of  Paris  bandage  and  the  limb  being  swung.  Splints  made  of 
perforated  zinc  may  in  the  same  way  be  purified  and  enclosed  in  the  dressing. 
If  all  goes  well  the  perfect  rest  ensured  by  a  lasting  dressing  does  much  to 
promote  early  union  of  the  bone.  Packing  the  hmb  in  a  fracture-box  with 
sawdust  im])regnated  with  perchloride  of  mercury  is  a  cheap  and  efficient 
mode  of  treatment  recommended  by  Thomas. 

The  open  treatment,  the  iodoform  treatment,  the  apphcation  of  terebene 
and  oil,  carbolic  oil,  and  even  common  oil  or  lard,  will  also  give  good  results 
if  carefully  carried  out.  The  dressings  may  be  changed  with  little  or  no  dis- 
turbance to  the  hmb,  aud  thus  good  rest  is  maintained,  but  the  prevention  of 
putrefaction  is  not  so  certain  as  in  the  methods  mentioned  above.  The  Surgeon 
has,  therefore,  many  efficient  modes  of  treatment  to  choose  from,  and  he  should 
select  that  best  suited  to  the  case  and  most  conveniently  carried  out  in  the 
circumstances  in  which  he  is  placed.  In  most  cases  he  will  adopt  that  method 
of  antiseptic  dressing  which  he  commonly  uses  for  wounds  in  general.  The 
mere  fact  that  the  wound  is  connected  with  a  broken  bone  does  not  necessitate 
any  special  inode  of  treatment. 

If  decomposition  is  prevented  by  one  of  the  above  means,  and  good  drainage 
and  rest  are  maintained,  suppuration  will  be  prevented  entirely  or  reduced  to 
an  insignificant  amount  in  the  great  majority  of  cases  and  recovery  will  take 
place  with  but  little  more  constitutional  disturbance  than  in  a  simple  fractm-e. 
Union  is,  however,  in  many  cases  delayed  for  a  week  or  two  beyond  the  time 
which  is  sufficient  for  the  cure  of  a  simple  fracture  even  in  cases  that  do  well 
in  other  respects. 

OoMPLiCATiONS  OF  CoJiPOUNi)  Feactukes. — Septic  Inflammation  and 
Suppuration. — ^^This  may  arise  from  failure  of  the  antiseptic  means  employed, 
or  the  Surgeon  may  be  so  placed  that  he  has  not  the  necessary  materials  at 
hand  with  which  to  undertake  successful  antiseptic  treatment.  Under  these 
circumstances  the  progress  of  the  case  will  depend  very  much  upon  the  nature 
of  the  injury.  If  the  wound  be  of  insufficient  size  to  afford  good  drain- 
age the  inter-muscular  areolar  planes  may  become  widely  infiltrated  with 
extravasated  blood  and  inflammatory  exudation  :  and  as  the  decomposition 
spreads  in  this,  diffuse  suppuration,  with  great  swelling,  pain  and  tension  will 
be  set  up,  accompanied  by  severe  constitutional  disturbance,  possibly  ending 
speedily  in  fatal  septic  poisoning,  or  at  a  later  period  in  pytemia.  If  the 
wound  be  larger,  allowing  free  exit  to  the  extravasated  blood  and  the  subse- 
quent inflammatory  exudation,  the  suppuration  may  remain  limited  to  the 
wound,  and  be  accompanied  by  but  shght  swelUng  of  the  limb  or  constitu- 
tional disturbance.  It  is,  I  believe,  in  consequence  of  the  free  vent  thus 
afforded  to  the  discharges  that  some  of  the  worst-looking  cases  of  compound 
fracture,  especially  of  the  leg,  eventually  do  the  best. 

Should  septic  inflammation  and  sujopuration  occur,  an  endeavour  must  be 
made  to  modende  ihe  inffmnrnafmi  and  lessen  the  mislUvfional  disturlance)- 
This  is  best  effected  by  fixing  the  limb  on  a  splint  in  such  a  way  that,  although 
the  wound  can  be  cleaned  and  attended  to,  the  apparatus  shall  be  left  undis- 
voL.  I.  u  0 
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turbed  and  untouched  as  long  as  possible.  I'he  great  art  in  the  successliil 
treatment  of  a  compound  tVactui-e  under  these  circumstances  consists  in  not 
disturbing  the  limb  ;  for  days  or  even  weeks  it  may  sometimes  advunDage(jusly 
be  left  without  interference  when  once  it  has  been  carefully  put  u]).  Should 
diffused  swelling  take  place,  the  wound  l)ecome  sloughy,  and  much  inflamma- 
tion be  set  up  in  the  limb,  this  may  Ijc  inoderated  by  the  apph'cation  of 
warm  antiseptic  applications,  the  best  (when  available)  lieing  boracic  acid  lint 
moistened  in  warm  boracic  lotion.  The  part  should  be  elevated  and  but  hglitly 
covered,  the  bed-clothes  being  well  raised  by  means  of  a  cradle,  so  as  not  to 
press  on  the  limb  :  care  being  taken,  at  the  same  time,  that  the  bandages 
be  applied  loosely,  with  only  a  sufficient  degree  of  force  to  retain  tlie 
limb  upon  the  splint,  as  inflammatory  infiltration,  tiuit  might  rapidly  iuducL- 
strangulation  of  the  part,  is  apt  to  ensue.  The  constitutional  irritation  must 
be  subdued  by  the  administration  of  opiates,  together  with  an  aperient  ;  and 
these  medicines  must  be  repeated  from  time  to  time  during  the  first  few  days. 
A  moderate  and  cooling  regimen  must  be  employed,  and  the  patient  be  dis- 
turbed as  little  as  possible.  In  many  cases,  if  he  be  addicted  to  di'inkiug, 
the  constitutional  disturbance  soon  assumes  the  irritati\'e  form  :  in  these  cir- 
cumstances, it  is  of  great  moment  that  support,  and  even  stimulants,  be  freely 
given  ;  they  must  be  allowed  from  the  very  first,  and  increased  in  proportion 
to  the  depression  of  the  patient's  strength,  or  as  symptoms  of  nervous  irritation 
come  on. 

If  there  be  much  bruising  and  extravasation  of  blood  into  the  soft  parts, 
great  tension  of  the  limb,  followed  by  sloughing,  will  take  place  in  the  neigh- 
bourhood of  the  wound;  free  incisions  are  then  required  to  remove  the  tension, 
and,  by  letting  out  the  decomposing  blood  and  pus,  to  lessen  the  risk  of 
gangrene,  and  diminish  the  fever  resulting  from  the  absorption  of  the  pro- 
ducts of  putrefaction.  If  this  be  not  done  deep  infiltration  takes  place 
through  the  areolar  planes  of  the  limb,  and  the  most  extensive  local  mischief 
may  result,  pyemia  being  almost  certain  to  ensue.  As  soon  as  suppm-ation  is 
fairly  established,  fomentations  of  boracic  lint,  Avet  salicylic  wool,  or  thick 
moist  oakum-dressing  shoidd  be  applied,  and  the  wound  may  be  sprinkled 
with  iodoform  ;  the  burrowing  of  matter  must  be  prevented  by  making 
counter-openings  where  necessary,  and  by  attention  to  the  position  of  the 
limb.  The  wound  must  be  frequently  syringed  with  carbolic  acid  lotion, 
Condy's  fluid,  or  some  other  aiitiseptic.  The  fracture-apparatus  must  be  ke]3i 
scrupulously  clean,  especially  in  summer  ;  the  bandages  changed  as  often  as 
soiled,  and  the  pads  well  protected  with  oiled  silk.  During  this  period  various 
complications,  such  as  septicaemia,  pygemia,  erysipelas,  inflammation  of  the 
lymphatics  and  veins,  and  septic  pneumonia,  are  apt  to  occur,  requiring  sjiecial 
consideration  and  treatment ;  so  also,  if  the  discharge  be  abundant,  hectic,  with 
its  sweats,  and  gastro-intestiual  irritation  may  come  on,  requiring  full  support 
of  the  powers  of  the  system,  and  the  administration  of  the  mineral  acids  and 
other  remedies,  according  to  cin^umstauces.  As  the  confinement  to  bed  is 
necessarily  very  prolonged  in  these  cases,  often  extending  through  juany  weeks 
and  months,  the  state  of  the  patient's  back  should  be  attended  to,  and  be  should 
early  be  placed  upon  a  water-cushion,  or  hydrostatic  bed,  lest  sorcs  supervene. 
As  the  wound  gradually  heals,  it  may  be  dressed  with  some  stimulating  lotion 
such  as  the  "  red  "  or  "  bhie  wa.sh. 

Septic  Osteomyelitis  was  formerly  a  very  connuon  complication  of 
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compound  fractures,  but  since  the  introduction  of  antiseptic  dressing  it  is 
very  rarely  met  with.  The  pathology,  symjjtoms  and  treatment  of  this 
condition  are  fully  described  in  the  Chapter  on  Inflammation  of  Bone  and  its 
Effects  (Vol.  II.  Chap.  XL VI.). 

Necrosis  of  the  Ends  of  the  Fragments. — In  compound  fracture  in 
which  suppuration  has  occurred  the  bone  will  often  be  observed  lying  white 
and  bare,  bathed  in  pus,  at  the  bottom  of  the  wound.  But  even  in  this 
apparently  unfavourable  condition  it  may  recover,  granulations  gradually 
springing  up  on  its  surfixce  and  covering  it  in  ;  in  other  cases,  necrosis  to  a 
greater  or  less  extent  takes  place,  and  perfect  consolidation  does  not  occur 
nntil  the  dead  bone  has  separated.  Curling  has  shown  that  those  portions  of 
necrosed  bone  which  are  connected  with  the  lower  fragment  are  slower  in 
detaching  themselves.  In  some  instances  a  large  quantity  of  provisional 
callus  is  formed,  in  which  the  necrosed  bone  is  embedded,  openings  remaining 
through  the  shell  thus  formed  for  the  exit  of  pus.  lu  such  cases  it  may  be 
necessary  to  cut  away  some  of  the  new  bone  to  extract  the  necrosed  portions 
when  they  are  loose  ;  but  not  uncommonly  amputation  becomes  necessary, 
from  the  ]30wers  of  the  patient  being  unable  to  carry  liim  through  so  prolonged 
a  struggle. 

The  time  required  for  the  consolidation  of  a  compound  fractui'e  in 
which  suppuration  has  taken  place  varies  greatly,  according  to  the  amount  of 
injury  done  to  the  bones  and  soft  parts,  and  the  age  and  constitution  of  the 
patient.  In  the  most  favourable  circumstances,  it  requires  double  or  treble 
the  time  that  is  necessary  for  the  union  of  a  simple  fracture.  As  soon  as 
some  union  has  taken  place,  the  limb  should  be  firmly  put  up  in  gutta-percha 
or  leather  splints,  with  a  starched  or  plaster-bandage,  so  as  to  enable  the 
patient  to  be  taken  out  of  bed,  to  change  the  air  of  his  room,  and  thus  to 
keep  up  his  general  health.  In  fitting  these  splints,  care  must  be  taken  to 
make  an  aperture  opposite  the  wound,  through  which  it  may  be  dressed 
(Fig.  177). 

Secondary  Amputation  may  become  necessary  fi'om  the  occurrence  of 
traumatic  gangrene,  and  then  it  must  be  done  in  accordance  with  the  prin- 
ciples already  laid  down  when  speaking  of  that  operation  ;  it  is  also  occa- 
sionally performed  in  the  hope  of  preventing  pytemia  when  diffuse  septic 
osteomyelitis  has  set  in  ;  but  more  frequently  it  is  required  from  failure  of 
the  powers  of  the  patient  in  consequence  of  septic  fever,  induced  by  absorption 
of  the  products  of  putrefaction  from  the  wound  and  the  infiltrated  parts 
around,  or  by  hectic  resulting  from  chronic  septic  suppuration  and  slow 
necrosis  of  the  bones.  In  these  circumstances,  by  removing  the  source  of  the 
mischief  in  time  and  seizing  an  interval  when  the  fever  is  at  its  lowest  point, 
the  patient's  life  will  in  all  probability  be  preserved  ;  the  results  of  secondary 
amputation  for  compound  fracture  in  these  conditions  being  by  no  means 
unfavourable.  Indeed  it  is  remarkable  to  see  how  speedily  the  constitutional 
symptoms  subside  after  the  removal  of  the  source  from  which  the  absorption 
of  septic  matter  is  taking  place ;  the  patient  often  sleeping  well  and  taking  his 
food  with  appetite  the  day  after  the  operation. 

The  proper  period  to  choose  for  the  performance  of  secondary  amputation  in 
the  earlier  stages  of  the  injury  is  often  a  most  critical  point.  As  a  rule  it  may 
be  stated  that,  if  the  limb  be  not  removed  during  the  first  twenty-four  hours, 
oight  or  ten  days  must  be  allowed  to  elapse  before'  the  operation  is  done  ;  as 
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during  that  time  the  patient  is  suffering  acutely  from  the  early  septic  fever, 
and  operations  during  this  stage  are  notoriously  fatal.  But  when  granulations 
begin  to  spring  up  in  the  wound  and  oppose  a  barrier  to  the  further  absorption 
of  septic  matter,  the  fever  subsides,  and  the  limb  may  be  removed  with  the 
best  prospect  of  success.  The  thermometer  is  the  great  guide  ;  as  soon  as  it 
has  decidedly  fallen  ft-om  the  high  septic  fever  point  of  fi-om  101°  F.  to  105"  F. 
to  about  100"  F.  or  lower,  the  operation  may  be  safely  undertaken.  Should  it 
appeal",  however,  that  the  patient  is  becoming  rapidly  exhausted,  and  will 
hardly  survive  to  the  desired  time,  amputation  may  be  performed  as  a  last 
chance  during  the  period  of  septic  fever.  In  these  circumstances,  however, 
the  operation  is  seldom  successful  ;  the  stump  becomes  sloughy,  diffuse 
inflammation  comes  on,  septicEemia  or  pygemia  may  set  in,  and  the  patient 
speedily  dies.  In  other  cases,  after  the  first  fall  of  the  temperature,  it  may 
frequently  rise  again  owing  to  the  formation  of  abscesses  in  the  neighbourhood 
of  the  necrosed  bone,  or  the  burrowing  of  pus  amongst  the  muscles  ;  or  the 
patient  may  gi-adually  be  worn  out  by  the  profuse  discharge.  In  these  cases 
the  patient's  power  must  not  be  allowed  to  sink  to  the  last  ebb  before  amputa- 
tion is  performed,  as  then  the  shock  may  destroy  life  ;  or,  if  he  survive,  the 
immediate  effect  of  the  operation  in  his  weakened  state  predisposes  him  to  be 
attacked  by  the  various  infective  processes  to  which  wounds  are  liable.  Much 
as  "  conservative  "  surgery  is  to  be  admired  and  cultivated,  and  hasty  or 
unnecessary  operation  to  be  deprecated,  I  cannot  but  think  that  the  life  of  the 
patient  is  occasionally  jeopardized,  and  even  lost,  by  disinchnation  on  the  part 
of  the  Surgeon  to  operate  sufficiently  early  in  cases  of  compound  fi-acture,  and 
by  too  prolonged  attempts  at  saving  the  injured  limlj. 

The  success  of  the  operation  will  in  a  great  measure  depend  upon  the  afkr- 
treatment.  Large  quantities  of  stimulants  and  support  are  often  required  in 
London  practice  to  prevent  the  patient  from  sinking.  I  have  frequently 
given  with  the  best  results,  eight  or  ten  ounces  of  brandy,  twelve  or  sixteen 
of  port  wine,  or  two  or  three  pints  of  porter,  in  the  twenty-four  hom-s 
after  these  operations,  with  beef-tea,  arrow-root,  or  meat,  if  the  patient  would 
take  it ;  and  have  found  it  absolutely  necessary  to  do  so  to  obviate  death  fi-om 
exhaustion. 

At  a  later  period,  when,  some  weeks  or  months  having  elapsed,  the  fracture 
has  not  united,  the  bones  are  necrosing,  and  the  patient  is  being  worn  out  by 
hectic,  amputation  must  be  performed  at  any  convenient  moment,  and  is  often 
done  mth  great  success  if  it  be  not  deferred  till  too  late  ;  for  here  the  cause  of 
the  mischief  is  entirely  local,  and  the  constitution,  suffering  only  from  the 
debility  resulting  fi-om  it,  quickly  rallies  when  it  is  removed. 

Bending,  Rb-breaking  and  Resetting  Bones. — It  may  happen,  that  at 
the  end  of  tAvo  or  three  weeks  a  fractured  bone  is  found  in  a  faulty  position. 
At  this  period  the  .bond  of  union  is  soft  and  yielding,  and  the  displacement,  if 
angular,  may  usually  be  remedied  by  frequent  re-adjustment  of  the  apparatus, 
and  more  particularly  by  bandaging  the  fi-actured  fragments  in  opposite 
directions,  or  by  the  use  of  pads  pressing  on  the  extremities  of  the  broken  bones. 
If  this  period  be  allowed  to  pass  by,  and  the  fracture  be  allowed  to  become 
consolidated,  it  may  be  found  to  be  so  badly  set  that  it  is  necessary  forcibly  to 
bend  or  break  the  callus,  in  order  to  improve  the  condition  of  the  limb.  When 
the  displacement  is  anirular,  and  the  consolidation  not  very  firm,  iis  is  usually 
the  case,  this  may  be  done  readily  enough  :  but  if  the  displacement  be  longj- 
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tudinal,  and  much  time  have  elapsed  since  the  occurrence  of  the  injury,  it  will 
be  difficult,  if  not  impossible,  to  remove  the  deformity.  The  bending  or 
breaking  of  the  callus  is  best  done  under  chloroform  :  the  fracture  being  then 
put  up  again,  speedy  and  perfect  consolidation  will  ensue.  In  this  way  I 
have  several  times  remedied  a  faulty  position  in  fractured  bones,  although 
from  six  to  ten  weeks  had  elapsed  from  the  occurrence  of  the  injury. 
•  In  the  majority  of  cases,  the  simple  force  exerted  by  the  unaided  strength  of 
the  Surgeon  will  be  enough  to  break  the  bone.  But  should  several  months 
have  elapsed  since  the  consolidation,  this  will  not  prove  sufficient.  In  such 
cases.  Butcher  has  successfully  employed  a  surgical  clamp  (Fig.  181),  by  the 


Fig.  181.— Butcher's  Clamp  for  Re-fiactuvuig  a  Badly  Set  Bone. 

pressure  of  which  the  bone  may  be  broken  across  at  its  displaced  angle,  even 
though  the  faulty  union  is  of  several  months'  duration. 

Should  the  consolidation  of  the  fracture  be  too  firm  to  admit  of  re-bending, 
or  re-breaking,  suUuianeovs  odeotomy  may  be  employed  in  some  cases  with 
advantage.  This  may  be  done  by  means  of  a  chisel,  or  by  Adams's  narrow- 
bladed  saw.  With  this  latter  instrument  I  have  divided  the  fibula  in  a  badly- 
set  Pott's  fracture,  where  the  bone  had  united  at  an  angle  pointing  inwards, 
and  thus  throwing  the  outer  edge  of  the  foot  upwards.  The  same  operation 
may  be  applied  to  other  bones,  especially  to  those  of  the  fore-arm. 

A  bone  which  does  not  appear  to  have  been  very  skilfully  set,  and  which 
presents  a  certain  amount  of  deformity  when  the  splints  or  apparatus  covering 
it  are  removed,  may  gradually  regain  its  proper  shape  if  left  to  itself.  This  it 
does  by  the  muscles  of  the  hmb  moulding  the  callus,  whilst  still  somewhat  soft 
and  yielding,  into  a  proper  shape.  The  callus  may  be  quite  strong  enough  to 
bear  the  weight  and  to  maintain  the  length  of  the  limb  in  its  full  integrity 
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after  the  removal  of  all  apparatun,  and  yet  Ije  sufficiently  yielding  to  beeome 
slowly  and  gradually  shaped  by  the  action  of  the  muBcles  of  the  limb  when 
they  are  left  untrammelled  by  l)andages. 

But  it  more  commonly  happens  that  a  limb  which,  when  taken  out  of  the 
splints  at  the  proper  period,  api)cars  to  be  straight  and  of  good  length, 
gradually  yields  under  the  weight  of  the  body  and  the  strain  of  the  muscles  : 
so  that,  at  the  end  of  a  few  weeks,  most  unsightly  deformity  occurs.  In 
these  cases  the  Surgeon  is  often  unduly  blamed  ;  and  to  his  unskilfulness  is 
attributed  that  displacement  which,  in  reality,  is  due  .  to  the  faulty  character 
of  the  callus.  It  must  be  remembered  that  there  is  e\^ery  degree  of  firmness 
of  the  callus,  from  that  which  is  of  normal  consistence  to  that  which  is  quite 
unable  to  support  the  weight  of  the  limb  or  body,  and  that  yields  more  or  less 
quickly  under  the  pressure  to  which  it  is  subjected. 

Delayed  Union. — Occasionally,  more  particularly  in  cases  of  fracture  of 
the  femur,  tibia,  and  humerus,  the  union  betw^een  the  fragments  is  delayed 
several  weeks  beyond  the  usual  period.  This  arises,  in  the  majority  of  cases, 
from  constitutional  debility,  rather  than  from  local  causes.  Several  cases  of 
delayed  union  have  been  recorded  in  which  repaii-  readily  took  place  after  the 
administration  of  mercury ;  indeed,  in  syphilitic  .subjects  the  constitutional 
taint  should  always  be  treated.  A  not  unfrequent  cause  of  delayed  union  is 
"  meddling  "  with  the  fracture,  changing  the  apparatus,  removing  splints  or 
frequently  testing  the  solidity.  Wlien  it  is  found  at  the  expiration  of  six  or 
eight  weeks  after  the  occun-ence  of  simple  fracture  that  the  callus  is  still 
yielding,  the  general  health  should  be  improved  by  tonics,  change  of  air,  &c., 
and  the  limb  secm-ely  put  up  in  starched  or  plaster  of  Paris  bandages. 
Indeed,  I  believe  that  delayed  union  is  much  less  likely  to  occiu*  in  patients 
who  have  from  the  first  been  treated  by  the  starched  bandage,  and  allowed 
to  move  about,  than  in  those  who  have  been  confined  to  bed  or  rather  to  the 
house  in  the  ordinary  way.  Dumreicher  recommends  in  these  cases  to 
constrict  the  limb  for  a  short  time  above  the  fracture  to  such  an  extent  as  to 
cause  oedema  and  exudation  round  the  broken  ends.  Swelling  below  is 
prevented  by  a  flannel  bandage  reaching  nearly  to  the  seat  of  fracture. 

Ununited  Feactuee.- — k  fracture  is  usually  said  to  be  imunited  when 
the  broken  ends  of  the  bone  are  not  joined  together  solidly  by  new  bone. 
There  are  three  varieties  of  this  condition  : — 1,  The  True  Ununited  Fracture, 
in  which  there  is  no  union  of  any  kind;  2,  Fibrous  U?iio)i,  in  which  the 
fragments  are  bound  together  by  firm  fibrous  tissue  ;  and,  3,  False  Joint  or 
Pseudarfhrosis,  in  which  there  is  no  union  between  the  fractured  surfaces  but 
a  capsule  of  fibrous  tissue  forms  round  them  resembling  the  ligaments  of  a 
joint. 

In  True  Ununited  Fracture  the  fragments  uudergit  independent  repair. 
The  ends  of  the  broken  bone  are  rounded  and  the  medullary  canal  closed  by  a 
thin  plate  of  bone  covered  by  a  newly  formed  periosteum.  In  some  cases 
after  a  time  the  ends  become  atrophied  and  somewhat  pointed.  Ununited 
fracture  may  be  due  to  the  wide  separation  of  the  fragments,  as  after  great 
loss  of  bone  in  a  compound  fracture  or  the  interposition  of  soft  parts  between 
the  broken  ends,  or  from  various  causes  no  callus  may  form  ;  or  the  early 
formation  of  callus  may  ha\'e  taken  place,  but  owing  to  some  peculiar  general 
or  local  condition  it  may  have  become  absorbed. 

In  Pibrous  Union  the  ends  of  the  bones  are  united  by  fibrous  tissue,  most 


UNUNITED   FRACTURE  AND   FALSE  JOINT.  567 


oomnioiily  dense  and  ligamentous,  but  sometimes  loose  in  structure.  In  this 
condition  the  early  soft  callus  has  formed,  but  instead  of  undergoing  the 
normal  development  into  bone  it  has  been  converted  into  fibrous  tissue.  It  is 
usually  the  result  of  insufficient  rest  during  treatment  or  of  faulty  position  of 
the  fragments.    It  is  the  most  common  form  of  ununited  fracture. 

In  raise  Joint  or  Pseudarthrosis  the  two  fragments  are  bound  together 
by  dense  ligamentous  tissue  passing  from  one  to  the  other,  forming  a  more  or  less 
perfect  capsule  around  the  broken  ends.  Between  the  actual  surfaces  of  the 
fi-acture  there  is  no  union.  They  are  smoothly 
rounded,  the  medullary  canal  being  closed  by  a 
thin  plate  of  new  bone  and  invested  with  a  layer 
of  dense  fibrous  tissue  or  fibro-cartilage.  The  two 
surfaces  arc  more  or  loss  adapted  to  each  other  like 
those  of  a  normal  articulation.  In  the  humerus  or 
femur  one  end  is  usually  concave  and  the  other 
convex  ;  the  false  articulation  thus  resembles  a 
normal  ball-and-socket  joint.  In  the  fore-arm  and 
leg,  as  lateral  movement  is  prevented  by  the  presence 
of  two  bones,  the  false  articulation  more  closely 
resembles  a  hinge  joint.  The  inner  surface  of 
the  capsule  may  be  smooth,  as  if  lined  with  a 
synovial  membrane,  and  the  cavity  maybe  moistened 
with  a  glairy  fluid  resembling  synovia.  False  joints 
of  this  kind  are  only  met  with  in  fractures  of 
considerable  standing,  and  it  is  probable  that  they 
are  always  preceded  by  fibrous  union,  and  that  the 
false  joint  is  gradually  developed  by  atrophy  of 
the  fibrous  tissue  between  the  ends  of  the  bone, 
and  more  perfect  develojDment  of  that  surrounding 
them.  In  very  old  false  joints  changes  resembling 
arthritis  of  normal  joints  are  occasionally  met  with.  The  surfaces  in  contact 
become  hardened  and  eburnated,  bony  outgrowths  may  form  around  the  ends 
of  the  fragments,  and  pedunculated  fibrous  outgrowths  have  been  found 
attached  to  the  inner  surface  of  the  capsule.  :  r-  , 

All  forms  of  non-union  of  fracture  are  undoubtedly  rare.  I  have  very 
seldom  met  with  it  in  my  own  practice.  The  cases  that  have  been  under  my 
care  have  almost  all  been  sent  up  from  various  parts  of  the  country.  We 
probably  exaggerate  the  frequency  of  non-union,  if  we  say  that  it  occurs  in 
the  proportion  of  one  in  a  thousand  cases  of  ft-acture  of  the  hmbs. 

Causes. — The  causes  of  ununited  fracture  and  of  false  joint  are  constUutional 
and  heal. 

Constitutional  Causes. — The  constitutional  causes  that,  independently 
of  local  conditions,  lead  to  non-union  of  a  fractured  bone,  are  often  very 
obscure,  and  in  many  cases  none  can  be  detected.  Mere  debility,  independently 
of  some  definite  constitutional  disease,  will  not  lead  to  want  of  union.  In 
fact,  in  weakly  children,  fractures  will  unite  with  great  readiness,  or  if 
union  be  delayed  for  a  short  time  it  will,  on  the  improvement  of  the  health, 
readily  take  place.  The  debility  induced  by  the  acute  spmfic  diseases  seems 
in  a  few  recorded  cases  to  have  been  a  cause  of  non-union,  and  an  attack  of 
acute  jmeimonia  has  had  the  same  effect.    Syphilis  does  not  seem  to  influence 
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the  progress  of  a  fracture  during  the  primary  aud  secondary  stages  of  the 
disease,  and  it  is  probable  that  when  it  is  a  cause  of  non-union  the  bone  was 
affected  before  it  was  broken.  Scurvy  has  ahvays  an  injurious  influence  on 
fractures,  causing  delay  in  union,  if  not  complete  want  of  repair,  and  the 
older  ^Yriters  assert  that  iji  severe  cases  fractui-es  repaired  many  years  before 
may  become  disunited.  There  is  no  evidence  that  cayicer  has  influence  in 
delaying  union,  if  the  fracture  is  not  actually  due  to  a  secondary  growth  in 
the  bone,  in  which  case  union  is  of  course  impossible.  In  spontaneous  frac- 
tures, from  whatever  cause,  union  seldom  takes  place  readily,  and  often  fails 
altogether. 

Pregnancy  is  said  to  have  a  tendency  to  interfere  with  the  proper  union 
of  a  fi-acture  ;  this,  however,  I  consider  doubtful,  as  I  have  seen  a  consider- 
able number  of  cases  of  fracture  in  pregnant  women,  which  united  in  the 
ordinary  time.    Billroth  and  Bruns  have  made  similar  observations. 

Age. — Failure  of  union  in  fractures  is  very  rare  in  children,  and  when  it 
occurs  in  them  is  seldom  remediable,  unless  it  be  the  result  of  neglect  or  ol' 
improper  mechanical  treatment.  It  is  more  common  at  the  earlier  adult  and 
middle  ages.  Advanced  age  appears  to  exercise  no  adverse  influence  on  the 
repair  of  fractures,  I  have  on  two  occasions,  in  my  own  practice,  known  very 
firm  consolidation  of  a  fracture  of  the  shaft  of  the  femur  to  take  place  in 
women  of  ninety  years  of  age. 

The  Local  Causes  are  various  and  important.  Some  hones  are  nmch  rno/r 
Uahle  than  others  to  non-union  of  fractures.  The  patella  seldom  unites  by 
bone  in  transverse  fracture,  and  fibrous  union  is  common  in  the  lower  jaw. 
Bruns  has  collected  1274  cases  of  ununited  fracture  of  the  long  bones  of  the 
limbs  with  the  following  results  : — 409  occurred  in  the  leg,  376  in  the  arm,  387 
in  the  thigh,  and  152  in  the  fore-arm.  Relatively  non-union  is  most  common 
in  the  humerus  and  femur,  as  the  following  statistics  prove.  Of  all  recent 
fractures  15'5  per  cent,  occur  in  the  humerus,  but  29'5  per  cent,  of  all 
ununited  fractures  are  met  with  in  that  bone  ;  the  femur  yields  13  "2  per 
cent,  of  all  fractures,  and  26*4  of  ununited  fractures;  the  bones  of  the 
leg  yield  32"1  per  cent,  of  all  fractures,  and  32*1  per  cent,  of  ununited  fi-ac- 
tures,  the  fore-arm  39*1  per  cent,  of  all  fractures,  and  only  ir9  per  cent,  of 
ununited. 

The  nature  of  the  fracture  has  an  important  influence.  About  two-thirds 
of  all  cases  follow  compound  fractures.  In  these  fibrous  union  is  the  most 
common  form,  true  false  joint  being  rarely  formed  except  in  cases  of  simple- 
fracture. 

Want  of  pro2]er  apposition  of  the  fragments  may  be  a  cause  of  non-union, 
especially  when  they  are  so  situated  that  instead  of  the  broken  surfaces  being 
in  contact,  flexion  or  rotation  of  one  fragment  has  caused  the  periosteal 
aspects  to  touch.  Wide  separation  of  the  fragments,  as  occurs  in  some  cases  of 
fracture  of  the  patella,  is  another  cause,  and  in  compound  fractures  loss  of  ii 
large  portion  of  the  bone,  either  directly  by  the  accident  or  subsequently  by 
necrosis,  is  often  followed  by  non-union. 

The  interposition  of  soft  parts  letween  the  fragments  may  prevent  union.  Of 
this  I  saw  an  interesting  instance  some  years  ago,  in  which  want  of  union  in  a 
fractured  femur  was  due  to  perforation  of  the  vastus  muscle  by  the  upper 
fragment,  and  its  entanglement  between  the  broken  ends.  In  transverse 
fracture  of  the  patella,  the  torn  aponeurosis  from  the  vast i  that  covers  the 


TREATMENT   OF   UNUNITED  FRACTURE. 


569 


bone  may  hang  clown  between  the  broken  snrfaces,  and  thns  interfere  with 
bony  anion. 

'  Extreme  comminution  is  rarely  a  cause  of  want  of  nnion  in  simple  fractures, 
but  many  cases  have  been  recorded  in  which  failure  of  union  has  occurred  in 
the  lower  of  two  fractures  occurring  in  the  same  bone  at  distant  points  or  in 
the  same  Umb  in  different  bones. 

Interfei-ence  luilh  the  vascular  mp})Uj  of  one  or  both  fragments  is  probably 
not  an  uncommon  cause.  For  proper  union  to  take  place,  it  is  necessary  that 
the  callus  be  formed  from  both  sides  of  the  fracture.  If  one  fragment  be  so 
situated  that  sufficient  blood  is  not  sent  to  it  for  this  purpose,  not  only  want 
of  union,  but  necrosis,  may  occur.  This  is  exemplified  in  fractures  of  the 
superior  articular  ends  of  the  humerus  and  femur.  In  intra-capsular  fracture 
of  the  anatomical  neck  of  the  humerus,  the  globular  head,  being  detached 
fi-om  all  its  vascular  connections,  may  necrose.  In  intra-capsular  fracture  of 
the  neck  of  the  femur,  the  head  of  the  bone,  still  retaining  some  vascivlar 
connection  through  the  medium  of  the  ligamentum  teres,  has  suflBcient  blood 
furnished  to  it  to  prevent  its  death,  but  not  enough  to  form  callus — hence 
fibrous  union  takes  place.  Grueretin  collected  some  statistics  which  seem  to 
show  that  non-union  is  more  common  in  fractures  occurring  in  that  portion 
of  the  bone  fi'om  which  the  nutrient  artery  is  directed.  Thus  in  the  humerus 
in  which  the  artery  is  directed  downwards  towards  the  elbow,  ununited  fracture 
is  moi-e  common  above  the  nutrient  foramen  than  below,  and  this  he  attri- 
buted to  a  less  perfect  vascular  supply  of  the  upper  part  of  the  bone.  A 
far  more  probable  explanation  of  this  fact  is  that  fractures  below  the  middle  of 
the  bone  are  more  easily  kept  at  perfect  rest  by  the  splints  commonly  apphed 
than  those  above. 

The  interference  with  the  vascular  supply  by  the  application  of  a  landage 
du-ectly  and  too  tightly  to  the  limb  is  another  possible  cause  of  imperfect 
repair. 

Injuries  to  nerves  seem  to  have  but  httle  effect  on  union,  pei-fect  repair 
commonly  taking  place  in  fracture  in  paralyzed  limbs.  Experimental 
investigations  on  animals  have  shown  that  division  of  the  nerves  leading  to 
the  injured  limb  does  not  interfere  with  the  union  of  a  fracture. 

Imperfect  rest  during  treatment  is  no  doubt  a  very  common  and  important 
cause  of  ununited  fi-acture.  The  best  evidence  of  this  is  the  fact  that  a  very 
large  proportion  of  all  ununited  fractures  met  with  in  hospital  practice  are  in 
patients  who  have  been  treated  on  board  ship  or  in  remote  parts  of  the 
country  where  it  has  been  im]Dossible  to  procure  proper  attention  or  skilled 
treatment.  In  cases  of  compound  fracture  the  disturbance  during  the 
dressings  may  be  a  cause  of  non-union. 

In  a  large  number  of  cases,  however,  the  most  careful  investigation  ^  on  the 
part  of  the  Surgeon  will  fail  to  discover  the  cause  of  the  failure  of  union. 

In  the  Treatment  of  Ununited  Fracture  the  constitutional  measures  are 
of  the  first  importance.  These  may  take  the  place  of  operative  measures  and 
may  succeed  where  they  have  failed.  We  cannot  expect  the  formation  of  firm 
and  strong  callus  unless  the  general  health  be  in  a  satisfactory  state.  If 
callus  have  not  been  formed,  or  if,  after  formation,  it  have  been  absorbed 
under  the  infiuence  of  a  cachectic  state  of  the  system,  the  improvement  of 
the  patient's  health,  at  the  same  time  that  the  fracture  is  put  up  again  firuily, 
so  that  the  ends  of  the  bone  are  brought  into  close  apposition,  may  bring 
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about  perfect  nnion.    In  some  instiuices  of  ununited  fracture  or  delayed  union 
in  syphilitic  subjects,  union  speedily  takes  place  after  the  administration  of 
some  preparation  of  mercury  or  iodide  of  potassium,  according  to  tlie  stage  of 
the  constitutional  affection.    I  have  had  under  my  care  at  the  Hospital,  a 
man  with  ununited  fracture  of  the  femur  from  absorption  of  the  callus  four 
months  aftei-  the  occuiTcnce  of  the  injuiy,  under  the  influence  of  incipient 
phthisis  and  debility  induced  by  want  of  food  :  perfect  consolidation  of  the 
fracture  was  produced  by  giving  him  cod-liver  oil  and  good  diet,  with  rest  in 
bed  and  a  starched  bandage  to  the  limb.    Hence  it  is  eA'ident  that  impaired 
nutrition  may  prevent  union,  even  after  callus  has  been  formed,  and  that 
improvement  of  the  nutritive  activity  of  the  body  may  of  itself  lead  to 
consolidation  of  the  fragments.    If  there  be  no  veiy  evident  cause  for  the 
want  of  union,  it  will  occasionally  suflice  to  put  up  the  fracture  firmly  in 
leather  or  gutta-percha  splints,  or  in  a  starched  or  plaster  of  Paris  bandage, 
and  then  to  allow  the  patient  to  move  about  upon  crutches,  so  that  his  general 
health  may  not  suffer,  at  the  same  time  that  a  tonic  plaii  of  treatment  is 
followed.    I  have  seen  several  cases  in  which  the  want  of  union  appeared  to 
have  resulted  from  too  long  confinement  of  the  patient  to  his  bed,  and  the 
consequent  impairment  of  his  health,  consolidation  taking  place  when  a 
sounder  hygienic  system  was '  enforced.    This  simple  plan  can,  however,  be 
useful  only  if  a  short  time,  at  most  some  months,  have  elapsed  from  the 
occurrence  of  the  injury.    In  some  cases,  the  empirical  administration  of 
mercury  is  attended  with  success.    In  a  case  of  ununited  fracture  of  the 
humerus  that  was  admitted  into  the  University  College  Hospital  under  Listen, 
fifteen  weeks  after  the  occurrence  of  the  injury,  union  was  obtained  within  a 
month  by  putting  up  the  bmb  in  splints,  and  salivating  the  patient.  AVhen 
the  want  of  union  arises  from  malignant  disease,  nothing  can  be  done. 

Together  with  appropriate  constitutional  treatment,  suitable  local  meam 
must  be  employed  to  secure  steady  coaptation  of  the  fragments.  In  the 
upper  extremity,  this  may  usually  be  done  by  means  of  splints  of  an  ordinary 
kind.  In  the  leg,  the  starched  or  plaster  of  Paris  bandage  will  be  found 
especially  serviceable.  Before  putting  up  the  limb  in  the  plaster  or  starched 
bandage,  it  is  a  good  plan  to  rub  the  ends  of  the  hones  forcibly  together, 
the  patient,  if  necessary,  being  under  the  influence  of  an  anajsthetic.  In  this 
way  a  certain  degree  of  inflammation  may  be  set  up,  which  may  be  followed 
by  a  fresh  formation  of  callus. 

In  the  case  of  ununited  fracture  of  the  thigh  special  apparatus  will  be 
required  to  secure  complete  fixity.  For  this  purpose,  the  limb  should  be  put 
in  an  apparatus,  consisting  of  an  outer  and  an  inner  iron  rod  having  hinge- 
joints  opposite  the  hip  and  ankle,  and  attached  above  to  a  strong  pelvic  band, 
and  below  to  the  sole  of  the  boot.  The  thigh  part  should  be  provided  with 
well-padded  splints,  which  may  be  screwed  down  in  opposite  directions  against 
the  two  fragments,  so  as  to  hold  them  firmly  in  contact.  This  instrument 
should  be  worn  for  several  months  ;  and  by  it  Smith,  of  Philadelphia,  has 
succeeded  in  curing  ten  out  of  fourteen  ununited  fractures  in  the  lower 
extremity.  One  great  recommendation  is,  that  this  plan  of  treatment  is 
entirely  devoid  of  danger,  and  enables  the  patient  to  take  exercise  whilst 
under  treatment.  In  cases  with  much  shortening  of  the  limb  and  over-riding 
of  the  fragments,  which  are  especially  apt  to  occur  in  the  thigh,  it  will  be 
ne(!cssary  to  employ  extension  of  the  limb  as  well  as  compression  of  the 
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friigmeiits  against  one  another.  This  extension  may  be  made  by  the  lateral 
iron  rods  of  the  above-described  apparatns  being  constructed  so  as  to  slide,  by 
means  of  a  rack-and-jiinion  or  screw-mechanism,  by  which  the  limb  may  be 
gradually  lengthened  to  any  required  extent  (Fig.  IS:-)). 


When  the  failure  of  union  has  become  A^ery  chronic,  or 
a  False  Joint  has  been  formed,  it  will  be  necessary  to_ 
employ  operative  procedure  before  union  can  be  obtained. 
All  operations  that  are  undertaken  in  these  cases  are 
conducted  on  one  of  two  principles  :  either,  1,  to  cxc.ilc 
a  locaJisecl  traxmiaiic  hijiammaiion  in  the  fatse  joint  and 
the  neighbouring  tissues  leading  to  exudation,  which,  as 
in  the  process  of  union  of  a  recent  fracture,  may  be 
followed  by  the  development  of  callus  ;  or  else,  2,  hi/ 
removing  the  fatse  joint  attof/othcr,  to  convert  the  case 
into  a  recent  compound  fracture,  and  to  treat  it  as  such. 
It  can  be  easily  understood  that  these  operative  procedures 
are  too  serious  to  be  lightly  undertaken,  or  to  be  had 
recourse  to  until  other  measures  have  failed. 

1.  Among  the  first  set  of  operations, — those  that  have 
in  view  the  Excitation  of  Inflammation, — the  simplest 
procedure  consists  in  the  introduction  of  acupuncture 
needles,  or  in  the  sulicutaneous  section  of  the  liga- 
mentous band  with  a  tenotome.  In  this  way  I  have 
known  union  effected  in  a  patient  of  Listen's,  who  had  a 
false  joint  in  the  shaft  of  the  femur  ;  though  not  until 


after  the  fractm'e  had  been  com-erted  into  a  comBound      Pig.  i83.  —  Ajiparatus 

,  -I  •        •  n^^-n  fo''  Umiiiiti'il  T'racturc  of 

one,  and  much  danger  and  suiiering  mcurred.    lour  Femur. 

years  afterwards  the  patient  was  readmitted  into  the 

Hospital,  under  my  care,  with  fracture  of  the  same  bone  two  inches  lower 

down  ;  on  this  occasion,  union  took  place  in  the  usual  time. 

Percussion  of  the  ends  of  the  bone  has  been  employed  in  these  cases  by 
H.  0.  Thomas.  The  method  consists  in  protecting  the  skin  with  a  piece 
of  felt,  and  then  percussing  the  seat  of  fracture  forcibly  with  a  copper 
mallet.  The  percussion  under  anaesthesia  may  be  continued  for  several — as 
many  as  ten — minutes  ;  it  may  only  be  required  once,  or  may  need  several 
repetitions.  The  eflFect  is  a  good  deal  of  local  swelling  and  irritation.  The 
limb  should  be  put  up  as  for  recent  fracture,  and  a  cure  may  be  expected  in 
from  four  to  six  weeks. 

The  Introduction  of  a  Seton  across  the  false  joint  is  not  a  mode  of 
treatment  to  be  recommended,  as  if  tlie  thread  be  passed  with  antiseptic 
precautions  it  will  probably  fail  in  its  object,  and  if  without,  it  may  set  up 
septic  suppuration  deep  in  the  limb. 

The  Subcutaneous  injection  of  irritating  fluids  has  ))een  practised 
in  a  considei'able  number  of  cases  with  a  fair  proportion  of  success.  Tincture 
of  iodine  has  been  most  frequently  used,  about  10  to  oO  minims  being  injected 
between  the  l)roken  ends  if  possible.  Biams  has  collected  1]  cases  of  this 
treatment,  7  of  which  were  successful.    It  seems  to  be  quite  devoid  of  danger. 

Dieffenbacli  proposed  to  excite  the  requisite  degree  of  irritation  by  driving, 
with,  a  mallet,  three  or  four  conical  ivory  pegs  into  holes  bored  by 
means  of  a  drill  into  the  ends  of  the  fractured  bone,  which  ai'C  exposed  foi- 
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this  purpose.  Tlie  holes  may  be  bored  with  the  Arcliimedeau  drill  (Fig.  1«4), 
but  a  cfjinmon  bradawl  will  do  just  as  well.  The  soft  parts  are  then  to  be- 
laid down,  and  after  a  few  weeks  the  pej^s,  which  have  loosened  in  eonsc- 
<iuence  of  the  absorption  of  the  surroundinf^  l)one,  and  also  partly  of  the  pegs 


Kig.  1S4. — Ardiimadeaii  Drill  for  iwrforating  Bone. 


themselves,  should  be  taken  out.  It  is  not  necessary  to  attempt  to  pin 
together  the  ends  of  the  broken  bone,  but  merely  to  introduce  the  pegs  into 
the  extremities  of  both  fragments  near  to  the  seat  of  fracture.  I  have 
practised  this  operation  with  success  in  several  instances  of  ununited  fracture 
of  the  humerus.  Bruns  has  collected  130  cases  of  this  operation,  of  which  71 
were  successful,  55  failed,  amputation  was  performed  in  1,  and  3  died.  The 
operation  was  most  successful  in  the  leg,  two-thirds  of  the  cases  being  cured, 
while  in  the  arm,  almost  exactly  half  failed.  In  the  femur,  10  out  of  111  were 
cured,  6  failed,  1  was  amputated,  and  2  died. 

2.  The  operation  of  Removing  the  False  Joint  is  the  last  expedient  when 
simpler  means  have  failed.  This  was  formerly  extremely  dangerous,  and 
cannot  now  be  regarded  as  anything  but  serious,  especially  when  the  femur  is 
the  bone  to  be  operated  on.  By  the  proper  use  of  antiseptics,  however,  and 
good  drainage  and  rest,  the  operation  may  be  robbed  of  most  of  its  dangers. 
Bruns  has  collected  440  cases,  the  results  of  which  were  as  follows  : — Arm  187, 
cured  98,  improved  3,  failed  78,  died  5,  uulcnown  8  ;  fore-arm  65,  cured  42, 
unproved  1,  failed  17,  died  1,  unknown  4  ;  thigh  98,  cured  50,  improved  2, 
failed  25,  died  19,  unknown  2  ;  leg  90,  cui-ed  47,  failed  36,  died  4,  unknown  3. 
Probably  a  large  number  of  the  deaths  were  ft'om  causes  which  we  now  regard 
as  preventible.  The  operation  is  thus  performed :  The  false  joint  is  freely  ex- 
posed by  an  incision  so  placed  as  to  do  the  least  possible  injury  to  the  sur- 
rounding soft  parts.  The  periosteum  is  then  carefully  raised  by  means  of  a 
periosteal  elevator  from  the  part  it  is  intended  to  remove.  To  facilitate  the 
perfect  exposure  of  the  ends  of  the  fragments,  the  fibrous  tissue,  forming  the 
false  joint,  may  be  cut  through  if  necessary.  The  end  of  one  of  the  fragments 
being  thoroughly  cleaned,  it  must  be  sawn  off  either  obhquely  or  transversely, 
according  to  the  line  of  the  fracture,  or,  if  more  convenient,  a  chisel  and  mallei 
may  be  used  to  cut  it  through.  As  a  rule,  a  smooth  and  more  regular  .surface 
is  obtained  by  using  the  saw.  The  opposite  fragment  is  then  treated  in  the 
same  way.  The  two  ends  are  then  brought  in  contact  and  wired  together. 
To  do  this,  a  hole  must  be  drilled  obliquely  from  the  surface  of  each  into  the 
medullary  canal.  A  strong  piece  of  thick,  tolerably  soft,  silver  wire  must  be 
passed  through  the  holes,  and  the  fragments  drawn  into  accurate  apposition. 
If  it  be  intended  to  remove  the  wire,  the  two  ends  must  be  firmly  twi8t€<i 
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together,  and  left  of  sufficient  length  to  project  from  the  wound.  They  should 
not  be  removed  for  about  two  months  ;  they  must  then  be  untwisted,  and  one 
end  cut  short,  when  by  pulling  forcibly  on  the  other  it  can  usually  be  with- 
drawn. There  is  often,  however,  considerable  difficulty  in  getting  the  wire 
out,  and  the  healing  of  the  wound  is  necessarily  delayed  by  waiting  till  it  can 
be  removed.  Experience  has,  however,  shown  that  the  wire  may  be  quite 
safely  left  in  the  wound,  and  the  two  ends  cut  short  and  hammered  down  flat 
on  the  bone,  so  as  to  leave  no  projecting  points. 

In  all  cases  some  shortening  of  the  limb  must  necessarily  result,  but  if  solid 
union  can  be  obtained,  this  is  of  httle  consequence.  In  operating  on  the 
fore-ai-m  or  leg,  if  both  bones  are  aifeoted,  care  must  be  taken  to  remove  an 
equal  length  from  each.  If  the  fracture  be  very  oblique,  the  section  of  the 
bone  must  be  in  the  same  line  so  as  to  cause  as  little  shortening  as  possilile. 

Xussbaum,  in  a  case  of  gun-shot  fracture  of  the  ulna  with  loss  of  suljstance, 
cut  away  the  rounded  ends  of  the  fragments  and  the  fibrous  tissue  unitmg 
them,  and  transplanted  into  the  space  thus  formed  a  slice  of  the  compact  tissue 
of  the  upper  fi-agment  with  the  periosteum  covering  it,  leaving  a  bridge  of  that 
membrane  undivided.    Good  bony  union  resulted. 

Operations  for  ununited  fracture  rarely  succeed  when  the  disunion  \s  owing 
to  other  than  local  causes.  They  may,  however,  succeed  in  old  people.  I 
have  united  a  femur  that  had  been  disunited  for  nearly  twelve  months  in  a 
man  between  sixty  and  seventy,  by  Diefifenbach's  method.  The  more  thickly 
the  bone  is  covered  by  the  soft  parts,  the  more  likely  will  an  operation  be  to 
succeed.  Hence,  the  humerus  and  femur  are  more  favourable  for  operation 
than  the  tibia. 

On  reviewing  the  various  methods  that  have  been  recommended  for  the 
treatment  of  ununited  fracture,  it  would  appear  that  if  the  period  of  normal 
union  has  been  exceeded  by  but  a  few  weeks,  rubbing  the  ends  of  the  bones 
forcibly  together,  constriction,  or  percussion  may  be  tried,  follo^ved  by  the 
application  of  a  plaster  of  Paris  bandage.  Should  this  have  no  effect,  further 
efforts  may  be  made  to  excite  a  sufficient  degree  of  inflammation  by  injection 
of  iodine  or  by  subcutaneous  section  and  scraping  of  the  ends  of  the  frag- 
ments. Should  this  fail,  the  seat  of  fracture  should  be  cut  down  upon,  and  if 
it  be  found  that  there  is  firm  fibrous  union,  the  insertion  of  Dieffenbach's 
pegs  might  be  sufficient,  as  if  the  proper  amount  of  irritation  be  set  up,  the 
intervening  fibrous  tissue  becomes  converted  into  bone  ;  but  if  there  is  a 
distinct  false  joint,  it  had  better  be  removed  and  the  bevelled  ends  tied 
together  with  wire.  If  union  should  fail,  much  may  be  done  to  relieve  the 
patient  by  properly  devised  apparatus,  but  if  the  false  joint  be  situated  in  the 
femur  or  tibia,  the  limb  may  be  so  useless  and  cumbersome  to  the  ])atient, 
tliat  amputation  may  be  required  as  a  last  resource. 
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CHAPTEK  XXI. 


SPECIAL  F11A0TURE8. 

In  considering  the  special  fractures,  we  shall  confine  our  reinai-ks  to  those 
of  the  Bones  of  the  Face,  Trunk,  and  Extremities.  Injuries  of  the  Bones  of 
the  Head  and  Spine  derive  their  principal  importance  from  their  comi)lication 
with  lesion  of  the  contained  organs  ;  hence  the  consideration  of  these  wiU  Ix- 
deferred  to  special  Chapters. 

FBACTURES    OP    THE    BONES    OF    THE  FACE. 

Nasal  Bones. — These,  being  thin  as  well  as  exposed,  are  not  unfrequently 
broken  (Fig.  185).    When  ft-actured,  they  may  remain  undisplaced,  but  they 


Fig.  l)5a.—l''riii;tuii!  1)1' Nasal  Bonus.  Vv^.  [KG. — Spring-Clip  lor  sliuigliteiiing  tin- Nose. 

are  more  commonly  depressed,  the  bridge  of  the  nose  being  beaten  in.  Thr 
swelling  and  ecchymosis  that  usually  attend  this  injuiy  often  render  its  de- 
tection difficult,  and  interfere  with  efficient  treatment.  The  depressed  bone 
should  be  raised  with  the  narrow  end  of  a  director,  or  by  the  introduction 
into  the  nostril  of  a  pair  of  polypus-forceps,  which,  on  being  opened,  ]iush 
the  bone  into  proper  position.  To  do  this  thoroughly  it  is  often  necessary 
to  administer  an  antesthetic.  A  flaccid  vulcanized  india-rubber  dilator,  of 
proper  size  and  shape,  introduced  empty,  and  tlien  expanded  with  water,  will 
be  found  to  answer  admirably  in  restoring  the  shape  of  a  "  broken  nose,"  even 
though  some  days  have  elapsed  since  tliL-  injury.  Union  of  the  bone  takes 
place  very  rapidly.  It  is  often  moderately  firm  at  the  end  of  a  week  and  solid 
iu  two  weeks. 

The  nose  without  being  exactly  broken  is  often  twisted  to  one  side,  more 
particularly  if  the  organ  be  naturally  long  and  pointed.  This  deformity 
•completely  alters  the  expression  of  the  face,  often  producing  a  soinewliat 
ludicrous  apjicarance.    When  recent,  and  more  especially  when  the  patient  is 
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young,  it  may  be  remedied  by  tile  use  of  a  spring-clip  (Fig.  18G),  which 
presses  the  distorted  end  of  the  nose  back  to  the  straight  line. 

If  the  septum  alone  be  broken,  the  same  treatment  must  be  adopted  ;  the 
nose  being  supported  and  moulded  into  shape.  As  a  rule,  after  it  has  been 
replaced,  the  position  is  maintained  :  but  in  some  cases,  where  there  is  a 
tendency  to  sinking  of  the  soft  parts  of  the  nose,  the  introduction  of  a  plug 
of  oiled  hnt  round  a  quill,  left  open  for  breathing,  will  be  required  to  retain 
tlie  organ  in  proper  shape.  The  haemorrhage,  which  is  usually  rather 
abundant  at  first,  may  be  stopped  by  the  application  of  ice  ;  but  occasionally 
the  nostrils  require  plugging,  in  order  to  prevent  it  from  continuhig  to  a 
dangerous  extent.  If  the  lachrymal  bone  be  broken  together  with  the 
nasal,  the  ductus  ad  nasum  may  be  obstructed,  and  the  course  of  the  tears 
diverted.  In  an  injury  of  this  kind,  I  have  seen  extensive  emphysema  of  the 
eyelids  and  forehead  occur  on  attempting  to  blow  the  nose.  lu  some  cases, 
the  injury  inflicted  on  the  nasal  bones  extends  through  the  ethmoid  to  the 
base  of  the  brain,  and  may  thus  occasion  death.  This  I  have  seen  happen 
from  a  severe  blow  on  the  face  with  a  piece  of  wood. 

Malar  and  Upper  Jaw-Bonbs.— These  are  seldom  broken  unless  great 
and  direct  violence  have  been  employed  ;  and  their  fracture  is  usually  accom- 
jianied  by  external  wound,  as  in  gun-shot  injuries  of  these  parts.  More  com- 
monly the  alveolar  processes  are  detached,  and  the  teeth  loosened.  The  treat- 
ment then  consists  in  binding  the  teeth  together  with  gold  wire.  In  fractures 
of  the  zijgoma,  which  are  very  rare,  there  will  be  diificulty  in  mastication  from 
injury  to  the  origin  of  the  masseter,  and  possibly  from  fragments,  which  may 
lequire  removal,  being  driven  into  the  temporal  muscle. 

In  some  rare  cases,  all  the  bones  of  the  face  appear  to  have  been  smashed, 
and  separated  from  the  skull  by  the  infliction  of  great  violence.  Thus,  South 
relates  the  case  of  a  man  who  was  struck  on  the  face  by  the  handle  of  a  crane, 
and  in  whom  all  the  bones  were  separated  and  loosened,  "  feeling  like  beans  in 
a  bag."  A  patient  was  admitted  into  University  College  Hospital  under  my 
care,  who  had  fallen  thirty  feet  over  the  balusters  of  a  spiral  staircase  and 
had  in  some  way  struck  his  face  in-  the  fall.  He  lived  about  two  hours  after 
admission.  On  making  a  fost  mortem  examination,  the  following  injirries 
were  found.  The  lower  jaw  was  fractured  through  the  ramus  on  the  left  side, 
and  through  the  body  between  the  molar  teeth  on  the  right  side.  In  the 
upper  jaw  a  transverse  fracture  ran  completely  across  from  one  side  of  the 
face  to  the  other,  at  about  the  level  of  the  inferior  border  of  the  anterior 
nares.  It  passed  through  both  superior  maxillary  bones,  the  vertical  j^art  of 
the  palate  bones,  both  pterygoid  processes  of  the  sphenoid  bone  on  both  sides, 
and  the  vomer ;  so  that  the  whole  of  the  alveolar  portions  of  the  superior 
maxilla  and  the  palate  formed  one  piece.  This  was  displaced  backwards  into 
the  pharynx.  The  zygoma  was  fractured  on  both  sides  ;  and  a  vertical 
fracture  ran  on  each  side  from  the  margin  of  the  orbit  through  the  walls 

•  of  the  antrum  ;  so  that  on  each  side  there  was  one  large  fragment  composed 
of  part  of  the  zygoma,  the  malar  bone,  and  the  part  of  the  superior  maxillary 
bone  with  which  it  is  articulated.  The  nasal  bones,  the  nasal  processes  of  the 
superior  maxillary  bones,  the  os  unguis  on  each  side,  and  the  ethmoid,  were 

■  smashed  into  numerous  small  fragments.  Thei'e  was  no  fracture  visible  from 
the  interior  of  the  skull  ;  and  no  other  injuries  of  importance  were  found. 
In  another  case  a  woman  falling  out  of  a  third  storey  window  struck  her 
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tacu  ag'ainsfc  the  area-railing-s.  Tlie  superior  niaxilla3  were  broken  across  trans- 
versely above  the  line  of  the  teeth,  so  that  these  and  the  hai-d  palate  could 
be  moved  backwards  and  forwards.  Slie  died  from  a  splinter  of  the  splienoid 
bone  having  penetrated  the  dura  mater.  I  have,  however,  known  several 
cases  of  transverse  fracture  of  one  su])erior  maxillary  bone  do  well.  In  sucli 
cases  the  teeth  may  be  tied  together  with  silver  wii'e  or  the  aid  of  the  dentist 
may  be  required  to  fix  the  displaced  fi'agments  by  means  of  vulcanite  moulds. 
The  question  of  feeding  the  patient  is  usually  one  of  difficulty,  and  the  food 
often  requires  to  be  introduced  by  means  of  a  tube. 

In  Gun-shot  Injuries  of  the  Face  there  is  usually  great  splintering  of  the 
bones.  As,  however,  the  vitality  of  the  part  is  great,  necrosis  is  not  likely 
to  ensue  ;  and  the  partially  detached  and  loosened  fragments  may  be  put  back 
into  position,  and  will  usually  become  fixed.  There  are  two  principal  dangers 
in  these  cases,  liEemorrhage,  either  primary  or  secondary,  and  abundant  fetid 
muco-puriform  discharge.  The  hgemorrhage,  when  primary,  usually  ceases 
spontaneously,  or  on  the  application  of  cold.  If  secondary,  it  may  be  arrested 
by  cold,  by  plugging,  and  by  pressure  ;  or,  if  continuous,  and  from  deep 
sources,  it  may  possibly  require  ligature  of  the  carotid.  The  fetid  secretion 
from  these  wounds  is  not  only  a  cause  of  great  discomfort  to  the  patient,  but 
of  positive  danger,  as  by  finding  its  way  into  ,the  stomach  it  may  seriously 
disturb  the  patient's  health  ;  and,  drainage  being  diSicult,  he  may  also  suffer 
from  absorption  of  the  septic  matter  from  the  raw  surface.  This  risk  is  best 
obviated  by  repeated  injections  of  warm  antiseptic  solutions,  of  which  the 
solution  of  permanganate  of  potash  or  boraoic  acid  is  the  best.  Whenever 
it  is  possible  to  reach  the  raw  surface  in  any  way,  it  must,  after  it  has  been 
well  washed,  be  dusted  over  with  iodoform.  This  exerts  a  far  more  powerful 
and  lasting  antiseptic  influence  than  any  lotion. 

Lower  Jaw.  —  This  bone  is  frequently  broken,  owing  to  its  prominent 
situation  ;  though  its  arched  shape  and  great  strength  enable  it  to  resist 
all  but  exti-eme  degrees  of  violence.  All  fractures  of  this  bone  which 
implicate  the  alveolar  border  are  necessarily  compound,  the  laceration  of  the 
gum  causing  them  to  communicate  with  the  external  air.  In  other  cases  au 
external  wound,  as  in  gun-shot  fractures,  may  communicate  with  the  fracture. 
Not  unf recently  they  are  comminuted. 

Fracture  of  the  lower  jaw  may  occur  in  various  situations.  I  have  seen  it 
most  frequently  in  the  body  of  the  bone  near  the  symphysis,  extendin- 
between  the  lateral  incisor  and  the  canine  teeth.  The  symphysis  itself  is 
not  so  commonly  fractured,  the  bone  being  thick  in  this  situation.  The  angle 
is  more  fi-equently  broken.  The  coronoid  process  can  suffer  fracture  only 
from  the  most  severe  and  direct  external  injury,  as  from  a  bullet-wound.  The 
neck  of  the  condyle  is  occasionally  broken  across. 

Fractures  near  the  symphysis  are  usually  vertical.  Those  near  the  angle  are 
commonly  oblique  from  before  backwards,  so  that  a  long  spiculum  of  the  outer 
table  is  connected  with  the  upper  fragment. 

These  fractures  are  sometimes  double  :  either  symmetrically,  or,  more 
frequently,  one  on  the  side  near  the  symphysis,  and  the  other  near  the  angle. 

The  Signs  of  fracture  of  the  lower  jaw  are  very  obvious.  Tlie  great 
mobility  of  the  fragments,  the  crejMtus,  the  irregularity  of  the  line  of  the 
teeth  and  of  the  arcii  of  the  jaw,  laceration  of  and  bleeding  from  the  gums, 
and  dribbling  of  saliva,  indicate  unequivocally  the  nature  of  the  injury.  The 
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displacement  and  mobility  of  the  fragments  are  greattir,  the  nearer  the 
fracture  is  to  the  symphysis.  If  the  bone  happen  to  be  bi'oken  on  both  sides 
of  this  line,  the  middle  fragment  is  much  dragged  out  of  place  by  the 
depressor  muscles  attached  to  it  ;  indeed,  in  all  double  fractures  the  displace- 
ment is  very  great.  In  fracture  about  the  angle  and  lower  part  of  the  ramus, 
the  deformity  is  not  so  great,  owing  to  the  muscles  that  coat  and  protect 
each  side  of  the  boue  in  this  situation  preventing  the  fragments  from  being 
displaced.  When  the  neck  of  the  condyle  is  broken  through,  that  process  is 
often  much  displaced  by  the  action  of  the  external  pterygoid. 

"When  the  fracture  is  near  the  symphysis,  the  dental  canal  escapes  ;  but 
when  it  is  further  back  in  the  body  of  the  bone,  and  especially  near  the 
angle,  the  canal  must  necessarily  be  im- 
plicated.   It  is  rernarkable,  however,  that 
the  inferior  dental  nerve  escapes  injury 
or  division  in  many  cases  altogether,  in 
others  for  several  days,  until,  perhaps, 
owing  to  great  displacement  or  to  some 
effort  in  reduction,  it  may  be  torn  across. 
When  this  happens,  the  soft  parts  of  the 
lower  lip,  supplied  by  the  mental  branch 
of  the  inferior  dental,  are  necessarily  for        i..,^,.  isT.-Fiactiue  of  Lower  jaw. 
a  time  deprived  of  sensation,  but  they  soon 

recover.  I  have  never  known  any  permanent  mischief  ft'om  this  cause,  nor 
from  the  haemorrhage  following  laceration  of  the  inferior  dental  artery. 

The  Treatment  is  simple  enough  in  principle,  though  often  not  very  easy  of 
accomplishment.    It  consists  in  maintaining  the  parts  in  apposition  by  suitable 
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Fig.  188.— Gutta-Perclia  Spliiif:  Original  Sliain'.  Fii;-.  ISO.— Gutta-perclia  Splint, 

nioiUclecI  to  Sliai^e  of  Jaw. 

apparatus  for  four  or  five  weeks,  during  which  time  mastication  must  be  inter- 
dicted— the  patient  living  on  slops,  soups,  and  fluid  nourishment  of  all  kinds — 
and  talking  being  prohibited.  The  apparatus  that  commonly  suffices  consists 
of  a  gutta-percha  splint  (Fig.  188),  moulded  to  the  part  (Fig.  189),  lined  with 
lint,  and  held  in  position  with  a  four-tailed  bandage  ;  the  two  fore-ends  of 
which  are  tied  behind  the  neck,  whilst  the  other  two  are  knotted  over  the  top 
of  the  head  (Fig.  190).  When  the  ramus  is  broken,  the  side  of  the  gutta- 
percha splint  should  be  made  proportionately  long.  The  teeth  in  these  cases 
require  special  attention.  Any  that  are  loosened  must  be  left  in,  as  they  will 
soon  contract  adhesions,  and  fix  themselves  firmly  ;  if  necessary,  they  may  be 
tied  to  the  sound  teeth  with  silver  wire,  or  dentist's  silk.  Care  must  be 
taken  that  any  tooth  that  may  have  been  forced  out  of  its  alveolus  and 
di-opped  between  the  fragments  be  removed  from  this  situation  ;  in  one  case 
VOL.  I.  I'  r 
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m  whicli  a  tooth  was  overlooked  in  this  position,  no  union  of  the  Ihicturc  took 
place  till  it  had  been  removed.  When  depressi(jn,  especially  near  tlie 
symphysis,  is  considerable,  a  clamp  apparatus  which  fixes  the  chin  and  line 
of  teeth,  invented  by  l-ionsdale,  answers  the  purpose  of  steadying-  the  fra},^- 


by  the  key,  Fig.  192. 


ments  extremely  Avell.  When  the  fracture  is  double,  one  fissure  occm-ring 
near  the  symphysis,  the  other  near  the  angle,  there  is  often  A  eiy  considerable 
difficulty  in  bringing  the  li-agments  into  anything  like  good  position,  without 

the  aid  of  some  sjiecial  ajipa- 
ratus.  In  such  cases  a  cast 
should  be  taken  of  the  teeth 
in  gutta-percha,  while  the 
fi-agments  are  held  in  accm-ate 
position,  and  from  this  a  metal 
plate  should  be  modelled,  fitted 
to  the  teeth,  and  attached  to 
Lonsdale's  clamp  or  to  a  stem, 
and  fixed  to  a  horse-shoe- 
shaped  splint  placed  mider  the 
jaw,  so  as  to  keep  the  whole 
steady  and  solid.  Union  gene- 
rally takes  i^lace  perfectly  in 
fractui'es  of  the  jaw,  though 
it  is  somewhat  slow  at  first, 
and  the  fragments  continue 
mobile  for  some  weeks. 
The  cure  is  often  delayed  by  the  separation  of  necrosed  fragments.  If 
there  should  be  any  olfensivc  discharge  the  patient  must  wash  out  his  moutli 
with  Condy's  fluid  and  water,  after  wliich  iodoform  must  be  sprinkled  on  the 
wound. 

In  all  compound  fractures  of  the  lower  jaw,  H.  0.  Thomas  strongly  advo- 
cates drilling  the  bone  on  each  side  of  the  fi-acture,  and  fixing  the  fragments 
by  means  of  thick  pliant  silver  wire.  He  finds  that  the  ordinary  cross-twist 
does  not  hold  ;  he  therefore  coils  the  wire  at  each  side  (Figs,  in  I,  1!»3).  In 


I'.CS.  —  Tlimiins's  srcoiid  iiiotlc 
of  iinitiiij^  I'Vactui-o.  of  tlie  Lower 
.Jaw  liv  Twisted  anrl  Coiled  Wiii!. 
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order  to  facilitate  this  operation,  lie  has  devised  a  set  oi  instruments,  compris- 
ing a  tnbular  needle  to  return  the  wire,  and  a  key  for  coiling  it  (Fig.  192). 
In  Fractures  of  the  Body  of  the  Lower  Jaw  by  Gun-shot  Injury, 

there  is  great  comminution  and  s})lintcriug  of  the  bone,  followed  by  copious 
fetid  discharge,  which,  being  in  part  swallowed,  may  reduce  the  patient  to 
a  state  of  extreme  debility,  or  may  even  prove  fatal.  The  free  use  of  disin- 
fectants, and  especially  of  iodoform,  will  however  do  much  to  counteract  this. 
In  extreme  cases  the  wound  may  be  enlarged  and  the  splinters  removed,  but 
no  formal  excision  of  any  part  of  the  bone  should  be  undertaken. 

Fractuue  of  the  Hyoid  Bone  is  of  very  rare  occurrence  ;  and,  though 
usually  the  result  of  direct  violence,  as  a  forcible  grasp,  it  has  been  seen  by 
OUivier  1  )'Angers  to  occur  from  muscular  action.  The  signs  are  always  very 
obvious.  The  fi'agments  form  a  sharp  salient  angle  :  there  are  much  pain  and 
irritation,  increased  by  speaking  and  deglutition.  There  is  usually  salivation ; 
and  considerable  difficulty  in  breathing  may  be  present.  Reduction  is  accom- 
phshed  by  pressing  the  fragments  into  position,  either  externally  or  by 
passing  the  finger  into  the  mouth.  Should  one  piece  of  the  bone  be  driven 
much  in,  it  may  possibly  require  to  be  drawn  forwards  with  a  tenaculum. 
The  neck  should  then  ))e  fixed  with  a  stiff  pasteboard  collar  to  prevent 
displacement. 

FRACTUEES    OF    THE    BONES    OF    THE  CHEST. 

Fractuke  oe  the  Ribs  anj)  Costal  Cartilages. — These  injuries  may 
occur  in  two  ways  :  1st,  from  direct  violence,  the  part  that  is  struck  being 
driven  in  towards  tlie  thoracic  cavity,  and  thus  broken  ;  2nd,  from  indirect 
violence,  the  fore-part  of  the  chest  being  forcibly  compressed,  so  that  the  rib  is 
bent  outward,  and  snaps.  When  the  injury  is  the  result  of  direct  violence, 
and  the  broken  fragments  are  forced  in,  the  pleura,  lung,  liver,  or  diaphragm, 
may  be  wounded,  thus  giving  rise  to  the  most  serious  and  fatal  consequences, 
such  as  haemorrhage,  emphysema,  and  inflammation  of  the  parts  injured. 
When  it  is  occasioned  by  indirect  violence,  as  the  fracture  takes  place  in  an 
outward  direction,  the  thoracic  organs  may  be  contused,  but  they  are  not 
liable  to  be  punctured  by  the  fragments.  In  some  rare  cases,  the  ribs  have 
been  known  to  be  broken  by  the  violent  contraction  of  the  abdominal  muscles 
during  labour. 

Fracture  of  the  ribs  may  be  sincjh ;  muUiple  when  several,  or  even  all 
the  ribs  on  one  side,  or  several  on  both  sides,  are  fractured  ;  simple,  as  in 
ordinary  violence  ;  and  compound,  as  in  gun-shot  injuries. 

Any  one  of  the  ribs  may  be  broken,  and  frequently  several  are  fractured 
at  the  same  time.  The  middle  rili8,"from  the  fourth  to  the  eighth,  are  those 
that  oftenest  give  way,  being  most  exposed,  and  at  the  same  time  fixed. 
The  first  and  second  ribs  are  seldom  broken,  being  protected  by  the  clavicle  and 
shoulder.  When  they  are  fractured  it  is  usually  the  result  of  gun-shot  violence, 
or,  if  from  some  of  the  ordinary  accidents  of  civil  life,  the  clavicle  will  be  liroken 
as  well.  But  this  is  not  an  invariable  complication.  I  have  seen  fractures  of 
the  first  two  ribs  from  a  fall,  without  any  injury  to  neighbouring  bones.  This 
fracture  is  always  very  dangerous,  on  account  of  the  liability  to  injury  of 
important  subjacent  structures.  The  lower  ribs,  being  less  firmly  fixed  than 
the  others,  commonly  escape,  unless  very  great  and  direct  violence  be  inflicted 
upon  them.    Any  part  of  a  rib  may  be  broken  by  direct  violence  ;  l)ut  when 
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the  fracture  is  the  i-esult  of  coia])ression  of  the  chest,  it  is  usually  the  poiut  of 
UTeatest  convexity  or  the  neighbourhood  of  the  angle  of  the  rib  that  gives  way. 
These  indirect  fractures  commonly  occur  in  elderly  people,  in  whom  the  elas- 
ticity of  the  thoracic  pavietes  has  lessened  as  the  result  of  age,  and  they  are 
peculiarly  liable  to  occur  in  some  cases  of  general  paralysis  of  the  insane,  in 
which  tlie  bones  are  fl'eakened  by  atrophy. 

Symptoms. — The  chief  symptom  is  a  sharp  pricking  and  catching  pain  at 
the  seat  of  injury,  increased  by  breathing  deeply,  or  by  coughing.  In  order 
to  avoid  this,  the  inspirations  are  shallow,  and  the  breathing  is  principally 
diaphragmatic  and  abdominal.  On  ])lacing  one  hand  on  tlie  sternum,  and 
the  other  on  the  spine,  and  pressing  gently,  the  patient  will  complain  of  pain 
at  the  seat  of  fracture.  This  is  often  a  valuable  means  of  diagnosis.  On 
laying  the  hand  over  the  seat  of  injury,  and  desiring  the  patient  to  cough, 
crepitus  may  often  be  felt ;  and  in  most  cases  this  is  audiljle  on  applying  the 
ear  to  the  chest.  The  diagnosis  of  the  fractm-e  is  necessarily  more  easily 
made  where  the  ribs  are  thinly  covered,  than  where  they  lie  under  the  muscles 
of  the  back.  Occasionally  the  outline  of  the  rib  will  be  found  to  be  irregular  ; 
and  in  some  instances,  where  several  ribs  are  broken,  the  whole  side  of  the 
chest  is  flattened  and  depressed.  Besides  these  local  symptoms,  special  com- 
plications resulting  from  laceration  of  the  pleura  and  lung,  such  as  haemo- 
ptysis, pneumothorax,  or  emphysema,  may  occur.  These  compUcations,  which 
will  be  fully  described  in  the  Chapter  ou  Injuries  of  the  Chest,  are  much  less 
frequent  than  might  a  priori  be  supposed,  owing  to  the  fracturing  force  being 
usually  indirect,  causing  the  rib  to  bend  outwards,  and  thus  to  break  away 
from,  instead  of  into,  the  chest.  The  danger  of  fractured  ribs,  indeed,  depends 
wholly  on  the  thoracic  complications,  and  these  ^vill  be  occasioned  chiefly  by 
one  of  two  conditions  :  either  by  the  forcible  driving  in  of  the  fractured  ends, 
as  from  the  kick  of  a  horse,  so  that  the  pleura  and  lung  become  wounded 
by  the  sharp  and  ragged  fragments  ;  or  else  by  a  large  number  of  ribs  being 
broken  by  a  severe  squeeze  of  the  chest,  and  the  thoracic  organs  injured  by 
the  general  compression.  It  is  surprising,  howcA^er,  what  an  extent  of  injury 
of  this  kind  may  take  place  without  serious  consequences.  I  have -had  under 
my  care  a  young  man,  who,  in  consequence  of  a  crush  of  the  chest,  in  a  railway 
accident,  had  the  upper  seveu  ribs  broken  on  the  right  side,  and  the  lower  five 
on  the  left,  the  chest,  especially  on  the  right  side,  being  gi-eatly  flattened  ;  he 
recovered  without  a  bad  symptom.  In  gun-shot  injuries  of  the  chest,  with 
splintering  of  the  ribs,  there  is  always  wound  of  the  contained  organs,  which 
becomes  the  main  source  of  danger  to  the  patient  and  the  chief  point  to- 
which  the  attention  of  the  Surgeon  has  to  be  directed. 

Treatment. — In  treating  fractured  ribs,  the  Surgeon  need  not  concern 
himself  so  much  about  the  union  of  the  fracture,  as  about  the  prevention  of 
pain  to  the  patient  in  breathing,  and  of  the  subsequent  occurrence  of  serious 
inflammation  or  other  mischief  within  the  chest. 

Any  displacement  that  may  exist  usually  remedies  itself.  The  chest-wall, 
even  when  extensively  flattened,  gradually  expands  under  the  influence  of  the 
respiratory  movements.  If,  howe^'er,  a  ]iortion  of  the  rib  continue  depressed, 
it  had  most  certainly  better  be  left  so  :  the  suggestions  that  have  been  made 
for  elevating  these  fractures  by  means  of  sharp  hooks  and  screw-probes,  being 
more  Hkely  than  the  continuance  of  the  depression  to  occasion  serious  mischief 
to  the  contents  of  the  thorax.  In  order  to  prevent  undue  motion  of  the  brokea 
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bono  and  consequent  imtafcion  produced  by  its  puncturing-  the  pleura,  or  lung, 
the  movements  of  the  injured  part  of  tlie  chest  may  be  restrained  by  the  appli- 
cation of  a  broad  flannel  roller,  or  of  a  laced  napkin  round  it.  Instead  of, 
or  in  addition  to  these  means,  it  will  be  found  most  useful  to  apply  a  roll  of 
adhesive  plaster  round  the  chest.  The  plaster  must  be  about  a  foot  in  width, 
and  should  be  sufficiently  long  to  make  one  and  a  half  turns  round  the  body. 
It  should  be  applied  very  tightly,  and  may  be  left  on  for  ten  days  or  a  fortnight, 
when  it  may  require  re-application.  It  supports  the  chest  more  firmly  and 
evenly  than  an  ordinary  bandage,  affording  the  patient  great  comfort.  If  only 
one  rib  is  fractured,  and  the  patient  is  suffering  but  little  pain,  it  will  be 
enough  to  apply  the  strapping  to  the  injured  side  only.  A  sufficient  number 
of  broad  strips,  each  long  enough  to  cover  the  injured  side  and  to  reach  about 
two  inches  beyond  the  middle  line  in  front  and  behind,  may  be  firmly  applied, 
overlapping  each  other  for  about  half  their  Andth.  In  some  cases,  however, 
more  particularly  in  those  in  which  the  fragments  are  driven  inwards,  it 
will  be  found  that  the  constriction  of  the  chest  by  Ijandage  or  plaster, 
becomes  unbearable,  producing  great  pain  and  dyspnoea.  In  these  circum- 
stances, all  constriction  must  be  removed,  and  the  patient  be  allowed  to 
breathe  easily,  but  he  must  be  confined  to  bed.  If  the  lower  ribs  be 
broken,  the  diaphragm  may  become  irritated  by  the  projection  inwards  of 
the  fractured  bone  ;  and  if  the  plaster  and  bandage  be  apphed  too  tightly, 
spasmodic  action  of  that  muscle  may  ensue,  occasioning  distressing  hiccup 
and  dyspnoea. 

The  average  period  of  union  of  a  fractured  rib  is  three  weeks.  There 
is  always  a  considerable  amount  of  callus  thrown  out  in  the  repair,  on  account 
of  the  constant  movement  that  necessarily  takes  place  between  the  broken 
ends  in  respiration. 

In  gun-shot  injuries  of  the  chest,  with  splintering  of  the  ribs,  all 
broken  spicula  of  bone  must  be  carefully  picked  out,  and  the  wound  cleaned 
with  an  antiseptic  lotion  when  possible.  It  must  then  be  covered  with  carbohc 
gauze,  iodoform,  salicylic  wool,  or  some  other  efficient  antiseptic  application. 
In  such  cases,  the  grave  injuries  usually  sustained  by  the  intra-thoracic  organs 
will  absorb  the  Surgeon's  attention  ;  and  for  their  treatment  I  must  refer  to 
Chapter  XXVIII. 

It  occasionally  happens  that  fracture  of  one  or  more  of  the  Costal  Carti- 
lages, especially  the  fifth,  sixth,  seventh,  or  eighth,  is  produced  by  direct 
violence.  They  may  be  separated  from  their  junction  with  the  rib,  or  l)roken 
across  the  middle.  The  existence  of  fracture  may  be  determined  by  the  pain 
on  pressure,  mobihty,  and  irregularity  at  the  seat  of  injury.  The  same  treat- 
ment is  required  for  this  fracture  as  for  a  broken  rib  ;  the  broken  cartilage 
most  commonly  uniting  by  a  bony  callus  which  surrounds  the  fractured 
ends. 

Fracturk  of  the  Stkrnum. — The  stenuim  is  not  often  broken.  The 
accident  occurs  usually  from  very  severe  and  direct  violence ;  and  when  this  is 
applied  on  the  fore-part  of  the  chest,  the  rilis  or  costal  cartilages  are  more  liable 
to  suffer.  The  elastic  support  furnished  to  the  sternum  by  these  structures, 
explains  in  a  great  measure  the  rarity  of  its  fracture.  It  may  also  be  produced 
toy  violent  bending  forward  of  the  body  after  the  spine  has  been  broken.  The 
bone  has  been  known  to  be  broken,  though  very  rarely,  by  violent  straining 
muscular  efforts  during  parturition,    i  ts  fractures  are  always  transverse,  usually 
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single,  but  sometimes  multiple.  1  have  seen  it  broken  into  three  nearly  equal 
fragments  by  a  fall  from  u  scaflFold.  The  dis]jlacenieut  of  one  of  the  fra^j- 
ments  is  sometimes  coiisiderai»le,  the  upper  fragment  being  almost  invariably 
behind  the  lower  ;  but  even  if  there  be  but  little  deformity,  the  very  super- 
fioial  situation  of  the  bone  will  always  enable  the  Surgeon  to  judge  of  the 
exact  nature  of  the  injury  it  has  sustained,  the  signs  of  which  resemble  those 
of  a  fractured  rib. 

The  Treatment  nmst  be  conducted  on  the  same  ijriuciples  as  that  of  a 
broken  rib,  and  presents  nothing  deserving  of  special  attention.  Indeed, 
when  fracture  of  the  sternum  occurs  from  external  violence,  it  is  commonly 
associated  with  fracture  of  the  ribs,  near  the  angles  ;  and  then  the  chest- 
bandage  or  plaster  answers  equally  for  both  injuries.  Should  the  sternum  be 
broken  during  parturition,  the  patient  should  be  made  to  sit  up  in  bed, 
Avith  the  shoulders  supported  and  leaning  forwards  slightly,  so  as  to  take  off 
the  tension  of  the  abdominal  muscles.  If  a  portion  of  broken  stenium  be 
depressed,  it  should  be  left  undisturbed,  unless  it  can  be  readily  got  into 
position  by  placing  a  firm  piUow  under  the  back  and  allowing  the  shoulders 
to  fall  backwards.  If  this  fails,  the  displacement  will  probably  give  rise  to  no 
serious  inconvenience,  while  any  attempt  to  remove  it  by  surgical  interference 
might  be  attended  with  the  greatest  danger. 

FBACTUBES    OF    THE    UPPER  EXTREMITY. 

Fractures  of  the  upper  extremity  may  occur  from  direct  or  from  indirect 
violence.  When  from  direct  violence  any  portion  of  any  bone  from  the  tips 
of  the  fingers  to  the  trunk  may  be  broken.  But  indirect  violence  is  the  more 
common  cause  of  such  fractures  ;  and  the  portion  of  the  bone  broken  ^vill 
depend  on  the  way  in  which  the  violence  is  dii'ected.  Thus,  when  a  person 
falls  forwards  on  the  palm  outstretched  to  save  him,  the  lower  end  of  the  radius 
is  the  part  that  usually  gives  way ;  or,  if  it  be  a  child,  the  lower  epiphysis, 
of  the  humerus  may  be  detached.  If  the  elbow  strike  the  ground,  the  shaft 
of  the  humerus  at  its  junction  with  the  upper  epiphysis,  gives  way  ;  and  if 
the  shoulder,  the  clavicle  usually  snaps  across  at  its  greatest  convexity. 

The  Clavicle  is  more  frequently  broken  than  any  other  bone  in  the  body, 
except  the  radius.  For  this  there  are  three  reasons.  First,  it  is  exposed  to 
the  influence  of  direct  violence  ;  secondly,  it  receives  all  shocks  transmitted 
through  the  shoulder  in  a  horizontal  direction  to  the  trunk  ;  and,  thirdly, 
being  the  only  direct  osseous  sup]iort  of  the  upper  extremity,  it  receives 
by  transmission  through  the  scapula,  every  shock  that  is  communicated  k> 
the  hand  when  the  arm  is  extended.  Notwithstanding  its  exposed  position, 
it  is  comparatively  seldom  broken  by  direct  injury.  The  great  majority  of 
the  fractures  occur  from  indirect  violence,  such  as  fells  on  the  shoulder  and 
the  hand.  This  bone  would  be  more  frequently  broken  than  it  is,  were  it' not 
that  it  resembles  two  segments  of  a  circle  looking  in  opposite  directions,  so  a* 
to  form  an  S-shai)e,  which  admirably  enables  it  to  withstand  indirect  violence 
(Fig.  19.5).  The  clavicle  is  occasionally  fractured  by  muscular  action — more 
particularly  from  the  swing  of  the  arm,  as  in  a  back-handed  blow.  When 
the  accident  occurs  from  this  cause,  it  is  usually  about  the  middle  of  the  bone, 
and  on  the  right  side.  Compomid  fracture  of  the  clavicle  can  occur  only 
from  bullet-wounds,  or  some  similar  severe  and  direct  injury  inflicted  upon 
the  bone. 
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Fractures  from  direct  violence  are  usually  transverse,  aud  often  com- 
minuted :  from  indirect  violence  they  are  oblique.  The  latter  are  attended 
bv  nuich  greater  deformity  than  the  former.  1^'ractures  of  this  bone  in 
infants  and  young  children  are  usually  transverse  ;  sometimes  the  bone  is 
merely  bent,  or  is  fractured  on  one  side  only.  The  injury  is  usually  occa- 
sioned bv  falling  out  of  bed.  Such  accidents  are  freijuently  overlooked  by 
careless  "nurses  :  but  the  child's  crying  whenever  the  arm  is  moved  directs 
attention  to  the  part,  and  the  Surgeon  then  finds  some  deformity,  with  a 
node-like  swelling  about  the  middle  of  the  bone. 

Both  clavicles  are  occasionally,  though  rarely,  fractured.  In  one  such  case, 
which  was  under  my  care,  the  patient,  a  young  man  of  20,  had  twelve  ribs 
broken  as  well,  in  a  railway  accident,  notwithstanding  which  he  made  an 
excellent  recovery. 

Complications. — In  simple  oblique  fracture  of  the  clavicle,  there  is  rarely 
any  serious  compUcation.  But  vvhen  the  fracture  is  the  result  of  direct 
violence,  the  same  force  that  breaks  the  bone  may  injure  subjacent  parts  of 
importance.  The  subclavian  vein  may  be  compressed  or  wounded,  or  the 
brachial  plexus  of  nerves  may  be  compressed  or  torn ;  the  first  rib  may  be 
broken  by  the  crushing  violence,  and  the  pleura  wounded. 

The  clavicle  may  be  fractured  at  any  point  between  its  acromial  and  sternal 
ends.  1.  Most  frequently  the  Great  Convexity  is  broken  ;  the  bone  bending 
here  when  pressed  upon  from  its  extremity,  the  curve  becoming  increased,  and 
at  last  giving  way.  This  fracture  may  arise  from  direct  violence,  but  usually 
is  the  result  of  falls  on  the  hand  or  shoulder.  2.  It  may  be  ft-actured  nearer 
the  acromion  between  the  two  Coraco-clavicular  Ligaments.  3.  Its 
Outer  End  may  be  broken  off  externally  to  the  outermost  point  of  insertion 
of  the  trapezoid  hgament,  between  it  and  the  acromion.  These  latter  two 
fi-actures  can  scarcely  occur  from  indirect,  but  are  almost  always  the  result  of 
direct,  violence.  4.  The  clavicle  may  be  broken  internally,  that  is,  to  the 
Sternal  Side  of  the  Rhomboid  Ligament,  usually  about  three-quarters  of 
an  inch  fi-om  its  sternal  articulation.  This  injury  is  of  very  rare  occurrence. 
R.  W.  Smith,  although  admitting  its  possibility,  states  that  there  is  no  actual 
proof,  from  dissection,  of  its  having  occurred. 

The  Signs  will  depend  upon  the  seat  of  fracture.  When  the  bone  is  broken 
between  the  conoid  and  trapezoid  ligaments,  there  is  little,  if  any,  displacement, 
but  pain  on  pressure,  some  crepitus  on  moving  the  shoulder,  and  shght  uTe- 
gularity  on  running  the  linger  along  the  bone,  are  usually  present.  When  the 
fracture  is  external  to  the  coraco-clavicidar  ligaments,  there  is  a  remarkable 
displacement  of  the  scapular  fragment,  which  is  turned  forwards  and  m- 
wards,  with  a  shght  inclination  downwards,  nearly  at  right  angles  to  the 
rest  of  the  bone,  apparently  bv  the  drugging  of  the  Aveight  of  the  shoulder, 
the  point  of  which  is  rounded  forwards  (Fig.  190).  When  the  fracture 
occurs  ahoui  the  middle  of  the  hone,  or  at  any  part  on  the  sternal  side 
of  the  scapular  ligaments,  there  is  a  well-marked  deformity,  owing  to  a 
triple  displacement  of  the  inner  end  of  the  outer  fragment  inwards,  down- 
wards, and  slightly  backwards,  while  the  outer  end  is  rotated  forwards. 
This  displacement  is  due  to  two  causes,  one  of  which  is  mechanical  and  the 
other  muscular.  The  displacement  downwards  is  due  chiefly  to  the  weight  of 
the  arm,  but  the  contraction  of  the  deltoid  would  also  aid  in  depressing  the 
inner  end  of  the  outer  fragment.    The  displacement  inwards  is  due  to  the 
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action  of  the  muscles  passing  from  tlie  chest  to  the  arm  and  scapula,  the  pec- 
torahs  major  and  minor,  and  tlie  latissimus  (kjrsi  ;  the  rotation  forwards  and 
the  pointing  of  the  sternal  end  of  tlie  outer  Iragment  backwards  is  due  to  the 
niore  powerful  action  of  the  pectoral  muscles.  The  outer  extremity  of  the 
inner  fragment  appears  to  be  elevated,  the  skin  being  di-awn  tensely  over  it  : 

but  this  is  owing  rather  to  the  depression  of  the  outer 
portion  of  the  bone  ;  it  is  usually  kept  fixed  \^s 
the  antagonism  between  the  sterno-cleido-mastoid  and 
great  pectoral  muscles.  It  may,  however,  in  soin.' 
cases  be  raised.  1'his  is  when  the  cla^icnlar  portion 
i-.s.  liw.-sound  Clavicle,       j-j^g  stemo-cleido-mastoid  muscle  is  unusually  strong, 

and  when  the  fracture  has  taken  place  just  outside 
its  insertion  into  the  clavicle  ;  or  it  may  be  raised  and 
-"^^^  pushed  forwards,  by  the  inner  end  of  the  outer  frag- 

^^^S^B'V.      ^^^^  getting  below  or  behind  it.    On  looking  at  u 
^^fe^*^     patient  with  fracture  of  the  clavicle  in  this  situation. 
\^     the  nature  of  the  injury  is  at  once  evident.    The  ap- 
is''^     proximatioii  of  the  point  of  the  shoulder  toward^ 
the  sternum  ;  the  prominence  formed  by  the  outei- 
^^ig'"»ent.  end  of  the.  inner  fragment,  over  which  the  skin  ]> 

stretched  ;  the  sudden  depression  under  this,  and  tin- 
crepitus,  which  can  be  easily  induced  by  elevating  and  rotating  the  shoulder 
at  the  same  time  that  the  elbow  is  pressed  to  the  side,  indicate  in  the  most 
unequivocal  manner  the  nature  of  the  injury.  The  attitude  of  the  patient  is 
remarkable  ;  he  sits,  leaning  his  head  down  to  the  affected  side,  so  as  to  relax 
the  muscles,  and  supports  his  elbow  and  fore-arm  in  the  sound  hand,  in  order 
to  take  off'  the  weight  of  the  limb  ;  he  is  unable  to  raise  his  arm  from  the  side, 
and  any  attempt  to  do  so  causes  severe  pain. 

When  the  fi-acture  occurs  near  to  the  sternal  end  of  the  bone,  it  is  usually, 
if  not  always,  transverse.  If  it  occur  internally  to  the  rhomboid  hgament,  tlie 
outer  fragment  is  displaced  forward,  but  remains  on  the  same  horizontal  level 
as  the  sternal  fragment.  If  the  triple  displacement  of  the  outer  frati- 
ment,  characteristic  of  fractured  clavicle,  viz.,  in  a  direction  downward;-, 
forwards,  and  inwards,  have  occurred,  then  E.  W.  Smith  believes  that,  how- 
ever near  the  joint  the  fractiu-e  may  appear  to  be,  it  must  in  reality  have  0(  - 
cuiTed  externally  to  the  costo-clavicular  ligament,  which  is  too  strong  to  admit 
of  this  displacement,  or  to  be  ruptured,  and  so  to  allow  it  to  be  occasioned. 

In  ordinary  simple  fracture  of  the  clavicle  the  blood-vessels  jDassing  under 
the  bone  are  very  rarely  if  ever  injured  or  even  compressed.  This  is  owing  to 
the  manner  in  Avhich  the  outer  fragment  is  displaced,  its  sternal  end  beiui:- 
pushed  in  front  of  them  and  to  their  inner  side. 

Comminuted  Fracture  of  the  Clavicle  is  the  result  of  severe  direct 
violence.  It  is  a  dangerous  accident,  as  the  .subclavian  vein  and  adjacent 
plexus  of  nerves,  or  the  upper  part  of  the  pleura,  may  be  seriously  injured. 
In  a  case  that  was  under  my  care,  the  subclavian  vein  was  api3areiitlv 
wounded,  great  extravasation  of  blood  taking  place  about  the  shoulder 
and  neck,  and  the  circulation  through  the  veins  of  the  arm  being  so  much 
interfered  with  as  to  threaten  gangi-ene.  The  case,  however,  did  per- 
fectly well  under  the  continuous  application  of  evaporating  lotions  to  the 
shoulder,  and  attention  to  the  position  of  the  arm.    But  in  another  case. 
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o-angveiie  of  the  arm  took  place,  leading  to  amputation  at  the  shoulder- 
joint.  The  patient  died  of  pyaemia,  and  a  fragment  about  one  inch  long 
separated  from  the  posterior  part  of  the  clavicle  was  found  lying  upon,  and 
compressing,  the  subclavian  vein.  Dr.  John  Ogle  relates  a  case  of  com- 
minuted fi-acture  of  the  clavicle  from  direct  violence,  in  which  the  right 
internal  jugular  vein  was  lacerated  by  one  of  the  fragments,  there  being  great 
extravasation  of  blood. 

I  have  known  only  one  instance  in  which  the  subclavian  artery  was  injured. 
The  left  clavicle  was  broken  by  direct  violence,  a  cart-wheel  passing  over  the 
shoulder.    An  aneurism  rapidly  formed  in  the  subclavian  artery,  whether 
however  by  direct  injury  or  as  the  result  of  severe  strain  was  uncertain. 
•C  Heath,  under  whose  care  the  patient  was,  amputated  at  the  shoulder-joint. 

Compound  Fracture  of  the  Clavicle  can  of  course  be  produced  only  by 
direct  violence,  and  in  such  cases  any  amount  of  injury  may  be  done  to  the 
underlying  and  neighbouring  parts  by  the  force  that  breaks  the  bone  or  by 
fragments  driven  in.  The  vein,  artery,  or  nerves  may  be  injured,  and 
their  liability  to  injury  will,  for  obvious  anatomical  reasons,  be  in  the  order 
named. 

Treatment  of  Simple  Fracture  of  the  Clavicle.— There  are  few  frac- 
tures for  the  cure  of  which  so  great  a  variety  of  ingenious  and  complicated 
contrivances  has  been  devised,  as  those  of  the  clavicle,  and  there  are  few  in 
which  so  much  ingenuity  has  been  displayed  in  vain  ;  for,  however  perfect  the 
apparatus  may  appear  to  be,  it  seldom  answers  the  purpose  intended,  viz.,  to 
cui-e  the  fracture  without  deformity.  I  believe  that  more  may  be  done  with  a 
little  skill  and  patience  by  simple  means,  than  by  the  most  elaborate  mechanical 
contrivances. 

When  the  fracture  occurs  at  the  tip  of  the  acromial  end  of  the  clavicle,  a 
figure-of-8  bandage  round  the  shoulders,  and  keeping  the  arm  in  a  sling,  will 
prevent  the  tendency  to  rotation  of  the  shoulder  forwards.  When  the  bone 
is  broken  between  the  coraco-clavicular  ligaments  there  is  but  little  displace.- 
ment  and  the  same  treatment  will  suffice. 

But  when  the  fracture  is  situated  towards  the  middle  of  the  bone,  or  indeed 
at  any  point  to  the  inside  of  these  ligaments,  the  case  is  more  difficult, 
and  numerous  methods  of  treating  it  have  been  invented.  The  objects 
aimed  at  in  all  are  to  draw  the  outer  fragment  outwards,  to  force  its  outer 
end  backwards,  and  by  supporting  the  weight  of  the  limb  to  correct  the  dis- 
placement downwards.  It  is  impossible  to  mention  here  more  than  the  few 
methods  of  treatment  that  seem  most  practically  useful. 

Treatment  by  the  Pad  in  the  Axilla.— In  this  method  the  three  princi- 
pal indications  are  thus  carried  out : — 

1.  By  making  a  fulcrum  of  a  thick  wedge-shaped  cushion  with  its  broad  end 
upwards  in  the  axilla,  and  then  bringing  the  elbow  closely  to  the  side,  the 
humerus  is  made  to  act  as  a  lever  and  dra^v  the  shoulder  and  the  scapular 
fragment  outwards,  thus  correcting  the  displacement  inwards.  2.  By  pressing 
the  shoulder  well  backwards,  behind  the  lateral  median  line  of  the  body, 
the  tendency  to  rotation  forwards  is  removed.  3.  By  elevating  the  shoulder, 
and.  taking  off  the  weight  of  the  arm  by  means  of  a  short  shng  that  passes 
well  under  the  elbow,  the  displacement  downwards  is  remedied.  By  these 
simple  means  the  tinple  displacement  of  the  outer  fragment  is  corrected. 
But  the  great  difficulty  consists  in  keeping  the  fracture  in  a  good  position  ; 


586 


HFECIA  L  FIUCTUliES. 


and  wlieii  it  is  oblique,  this  becomes  almost  impcjssiblc,  so  timt  a  cure  without 
nodular  or  angular  deformity  is  very  seldom  obtained. 

A  bandage  may  be  applied  to  the  hand  and  fore-arm  to  prevent  swelling, 
but  the  fingers  must  be  left  free  so  that  the  condition  of  the  circulation" 
through  the  h"mb  can  be  watched.  ]}efore  a])p]ying  the  roller  the  elbow  must 
be  flexed,  otherw  ise  dangerous  constriction  of  the  arm  may  occur. 

The  pad  should  be  firm,  made  of  bed-tick  stuffed  with  bran,  six  inches  long, 
five  broad,  and  three  thick  at  its  upper  part  ;  the  slin*.^  must  support  the 
elbow,  and  the  hand  should  be  well  raised  across  the  chest.  Care  must  be 
taken  not  to  use  the  lever-like  movement  of  the  arm  against  the  fulcrum  of 
the  axillary  pad  too  forcibly  lest  the  axillary  vessels  or  plexus  of  ner^-es  \m 
compressed.  After  the  limb  has  been  put  up,  the  pulse  at  the  wrist  should  be 
felt,  and  the  finger-nails  examined  in  order-  to  see  that  the  circulation  is 
not  impeded  by  the  pressure  of  the  pad.    In  the  accompanying  figure,  the 

sling  does  not  extend  under  the  elbow  as  it  ought  to 
do  ;  it  is  represented  in  this  way,  in  order  not  to  con- 
ceal the  other  parts  of  the  apparatus  (Fig.  197).  The 
elboAV  must  be  kept  to  the  side  by  a  few  turns  of  a 
roller,  or  by  meaus  of  a  padded  belt. 

The  description  of  this  mode  of  treatment  has  been 
retained  because  it  was  used  at  University  College 
Hospital  for  many  years  with  good  results  and  is 
still  adopted  by  many  surgeons.  It  has,  however,  one 
serious  drawback.  If  the  apparatus  be  too  tightly 
applied,  or  if  swelling  take  place  beneath  it,  there  is 
undoubted  risk  of  the  occurrence  of  gangrene.  This 
can  hardly  occur  if  the  Surgeon  sees  the  case  fre- 
quently and  observes  the  state  of  the  circulation  in 
the  fingers.  But,  unfortunately,  patients  do  not  al- 
ways present  themselves  wdien  told  to  do  so.  and  thu? 
three  or  four  days  may  pass  without  the  case  being- 
seen.  During  this  time  gangrene  may  have  set  in  unaccompanied  by  any 
pain,  the  limb  being  numbed  by  the  pressure  on  the  brachial  plexus  in  the 
axilla.  More  than  one  such  case  has  occurred,  and  as  excellent  results 
can  be  obtained  by  other  methods  without  this  danger,  the  treatment  by  the 
hard  pad  in  the  axilla  had  better  be  abandoned. 

Treatment  by  the  figure-of-8  Bandage. — If  in  a  case  of  fractured 
clavicle  the  patient  be  seated  in  a  chair,  and  the  Surgeon,  standing  behind 
him,  places  his  knee  between  the  scapulae,  and  holding  by  the  points  of  the 
shoulders  pulls  forcibly  backwards,  the  outer  fragment  will  be  seen  to  bi 
drawn  outwards  at  the  same  time  that  the  rotation  forwards  is  corrected. 
The  treatment  by  the  figure-of-8  bandage  is  intended  to  maintain  this  posi- 
tion while  the  w^eight  of  the  arm  is  taken  ott"  by  a  sling  supporting  the  elbow. 
The  simplest  form  of  this  apparatus,  and  one  that  will  frequently  be  found 
veiy  useful  as  an  immediate  application,  is  that  recommended  by  Syme,  known 
as  the  treatmnil  hy  the  three  Imndl^erch'u'fx.  A  large  handkerchief  folded 
diagonally  till  it  is  about  one  inch  and  a  half  wide  is  placed  round  each 
shoulder  so  that  it  shall  lie  in  front  in  the  hollow  between  the  coracoid  pro- 
cess and  the  head  of  the  humerus.  The  two  ends  are  secured  I)y  a  single  turn 
behind  the  shoulder,  and  then  twisted  together  so  as  to  form  a  single  cord. 


Fig.  197. — Apparatus  for 
Fractured  Clavicle. 
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'Pliese  cords  are  then  knutted  firmly  together  in  the  middle  line,  while  the 
shoulders  are  forcibly  pulled  backwards  ;  a  folded  toAvel  umst  be  put  along 
the  spine  to  prevent  the  knot  hurting  the  patient.  The  third  handkerchief  is 
then  put  on  as  a  sling  firmly  supporting  the  elbow. 

Sayre's  Treatment  by  Adhesive  Plaster.— L(;wis  A.  Sayrc  of  New 
York  recommends  the  following  mode  of  treatment,  which  has  been  found 


Fij-r.  19S.— strap  drawing  back  SlionlcU'r  Vv^.  lOl'.-Strap  raising  Sli(mklcr. 

CO  act  extremely  weU.  Two  strips  of  plaster,  spread  on  strong  calico  or 
moleskin,  are  to  be  cut,  each  about  three  and  a  half  inches  wide  or  less, 
according  to  the  size  of  the  patient.  One  of  these  is  to  be  long  enough  to 
encircle  the  arm,  and  afterwards  to  pass  one  and  a  half  times  round  the  body. 
A  loop  in  this  is  first  passed  round  the  arm  immediately  below  the  axillary 
border.    The  non -adhesive  side  of  the  plaster  must  be  towards  the  skin,  and 


Fig.  200. —Kllis's  Splint.  pjg_  2OI. —Ellis's  Splint  applied. 


the  loop  must  be  secured  hy  stitches.  It  must  be  quite  loose,  so  that  there 
shall  be  no  risk  of  compressing  the  vessels.  AVlien  this  has  been  made  fast, 
the  elbow  must  be  drawn  well  harJnmrch,  and  the  strip  of  plaster  is  carried 
firmly  round  the  body  and  its  end  lirought  up  and  secured  as  in  the  figure. 
A  few  stitches  may  be  inserted  to  render  its  hold  more  secure  (Fig.  198). 
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The  second  strip  must  be  of  sufficient  length  to  pass  IVom  the  sound  shouldei- 
obhqucly  round  the  chest  beneath  the  elbow  of  the  injured  side,  and  t." 
overlap  for  some  six  or  oio-bt  inches.  A  slit  must  be  cut  in  it  for  the 
olecranon.  Before  applying  this  the  elbow  must  be  drawn  well  forwards. 
when  the  first  strip  of  plaster,  acting  as  a  fulcrum,  the  shoulder  will  be 
thrown  backwards  and  outwards.  At  the  same  time  the  elbow  must  be  forced 
upwards.  Tliese  positions  must  ))e  maintained  by  the  ap]jlication  of  the 
plaster  over  the  forearm  and  hand,  as  in  Fig.  l!)t). 

Ellis's  Splint,  which  is  sufficiently  explained  by  the  accompanying  figure- 
(Figs.  200,  201J,  though  an  unnecessarily  cumbersome  contrivance  for  ordinars 
cases  of  fractured  clavicle,  is  usefnl  wlien  great  steadiness  of  limlj  is  requii'eil 
to  keep  the  fragments  in  good  position. 

In  children,  in  whom  these  fractures  often  occur,  tliere  is  li-equently  a  diffi- 
culty in  keeping  the  bandages  properly  applied  ;  in  these  circumstaiaces  tlx- 
starched  apparatus  will  be  found  very  useful,  care  being  taken  to  re-apply  it 
as  often  as  it  becomes  loose,  lest  deformity  result.  Fractured  clavicles  occur- 
ring in  females,  to  whom  any  irregularity  of  union  in  this  situation  would  be 
very  annoying,  are  best  treated  by  keeping  the  patient  lying  flat  on  her  back 
in  bed,  with  the  arm  fixed  to  the  side,  for  the  first  two'or  three  weeks. 
this  plan,  which  is  as  old  as  the  days  of  Hippocrates,  I  have  seen  better  result:^ 
produced  than  by  any  other. 

When  loth  clavicles  are  broken,  the  patient  should  be  kept  in  bed,  and  the 
shoulder  fixed  and  drawn  backwards  by  means  of  a  figure-of-8  Ijaudage.  In 
the  case  already  alluded  to  (p.  oSS),  this  could  not  be  borne,  owing'^to  the 
simultaneous  fracture  of  the  ribs  ;  but  the  patient  nevertheless  made  a  good 
recovery  with  little  deformity. 

In  Comminuted  Fracture  of  the  Clavicle,  it  must  always  be  remembei-ed 
that  the  subclavian  vein  may  be  compressed  or  contused.  It  is,  therefore,  oi' 
importance  to  avoid  all  means  that  may  interfere  with  the  return  of  venous 
blood  from  the  arm.  Heiice  the  bandaging  of  the  fingers,  hand,  and  fore-arm 
should  never  be  practised,  nor  the  axillary  pad  used.  The  hmb  should  be 
drawn  back,  supported  in  a  sling,  and  the  patient  kept  recumbent  until  union 
has  been  obtained. 

In  comminuted  simple  fracture  of  the  clavicle  with  vertical  depression  of  the 
central  portion,  Annandale  has  removed  the  displaced  piece  of  bone. 

Period  of  Union. — In  adults  a  fractured  clavicle  is  solidly  united  in  four 
weeks.    In  children  three  weeks  is  sufficient,  and  in  infants,  a  fortnight. 

Ununited  fracture  is  very  rare.  A  case  was  lately  recorded  by  A.  E.  Barker 
occurring  in  a  boy  about  ten  years  of  age.  The  displaced  bone  pressed  injuri- 
ously on  the  brachial  plexus,  and  weakened  the  arm.  The  ends  were  exposed 
iind  united  by  wire,  and  the  boy  recovered  pei-fectly  in  every  respect. 

Fkactures  of  TIIK  Scapula. —  1.  Tracttu'e  of  the  Body  of  the 
Scapula  is  not  very  commonly  met  with  ;  and  when  it  occurs,  being  always 
the  result  of  considerable  direct  violence,  it  is  usually  associated  with  serious 
injury  to  the  subjacent  ribs  and  trunk.  The  thick  layer  of  muscles  overlying 
this  bone  not  only  ])rotects  it,  but  limits  disi)lacemeut,  and  renders  the  detec- 
tion of  its  fracture  difficult.  The  fracture  usually  takes  place  across  the  l)one. 
immediately  below  the  si)iuc  ;  but  it  may  be  split  longitudinally  or  starred. 

The  Treatment  consists  in  placing  the  arm  in  a  sling,  the  a]iplication  of  a 
body-bandiige,  and  support  of  the  jjart  with  a  pad,  but  there  is  always  extren)e 
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difficultv  in  obtaining  union  wifchout  considerable  deformity  ;  which,  however, 
is  of  less  moment  here  than  in  most  other  situations. 

Fractures  in  the  Vicinity  of  the  Shoulder-Joint  are  of  common 
occurrence,  and  may  take  place  either  in  the  bony  points  of  the  scapula  that 
overhang  this  articulation,  or  else  in  the  upper  end  of  the  humerus.  Not 
uufi-equently  there  is  double  fracture  in  the  neighbourhood  of  this  articula- 
tion ;  thus  the  acromion  may  be  broken,  as  well  as  the  neck  of  the  humerus. 
These  complications,  as  well  as,  in  many  cases,  the  amount  of  contusion  and 
the  rapid  swelling,  render  the  diagnosis  somewhat  difficult. 

2.  The  Acromion,  forming  as  it  does  the  very  tip  of  the  shoulder,  is  more 
frequently  broken  than  any  other  part  of  the  scapula.  But,  in  spite  of  its  ex- 
posed situation,  fracture  of  this  process  tlirough  its  base  is  not  very  common  : 
and  there  is  good  reason  to  believe  that  many  of  the  cases  of  supposed 
fi-acture  in  this  situation  are  in  reality  instances  of  arrested  union  of  the 
epiphysis.  Notwithstanding  this  source  of  fallacy,  there  can  be  no  doubt,  as 
is  proved  by  numerous  preparations,  that  this  fracturd  does  occur. 

The  Signs  of  this  injury  are  obvious.  When  the  acromion  is  broken  off 
near  its  root,  the  arm  hangs  as  a  dead  weight  by  the  side,  and  the  patient,  feel- 
ing as  if  his  Umb  were  dropping  off,  supports  it  with  the  other  hand.  There 
is  flattening  of  the  shoulder,  which  is  most  marked  Avhen  the  patient  is  looked 
at  from  behind  ;  and  the  head  of  the  humerus  can  be  felt  somewhat  lower  in 
the  axQla  than  natural.  On  running  the  finger  along  the  spine  of  the  scapula, 
a  sudden  iuequahty  in  the  line  of  the  bone  can  be  detected  ;  and,  on  raising 
the  elbow  and  rotating  the  arm,  crepitus  can  Ije  felt,  the  rounded  outline  of  the 
shoulder  being  restored. 

When  the  tip  only  of  the  acromion  is  broken  off,  the  nature  of  the  injury 
may  be  suspected  if  the  patient  be  unable  to  raise  his  arm  to  a  level  with  his 
head,  so  as  to  touch  the  crown,  owing  to  some  of  the  fibres  of  the  deltoid 
having  lost  their  points  of  attachment ;  and  it  may  be  determined  by  the 
existence  in  a  minor  degree  of  some  of  the  preceding  signs,  which  prevent  the 
accident  from  being  confounded  with  paralysis  of  the  deltoid  from  contusion  ; 
and  especially  by  the  tip  being  felt  to  be  detached.  But  as  has  already  been 
stated,  this  may  be  a  congenital  defect,  to  which  perhaps  attention  has  been 
directed  only  when  the  shoulder  has  been  bruised  or  otherwise  injured. 

The  Treatment  consists  in  raising  the  elbow,  so  as  to  take  off  the  weight 
of  the  limb,  and  to  push  up  the  acromion  by  the  head  of  the  humerus.  If 
the  extremity  only  be  broken  off  in  front  of  the  acromio-clavicular  articula- 
tion, a  pad  may  be  placed  between  the  elbow  and  the  side,  in  order  to  direct 
the  arm  somewhat  upwards  and  inwards,  and  the  limb  must  be  fixed  in  this 
position  by  a  bandage  and  sling.  Should  the  fi*acture  have  taken  place  at  01- 
l)ehind  the  line  of  the  clavicular  articulation,  the  treatment  must  be  the  same 
as  that  for  fractured  clavicle. 

When  the  base  of  this  process  is  broken  across,  there  is  not  much  separation 
between  the  fragments,  and  union  usually  takes  place  by  bone.  When  the 
apex  is  detached,  fibroid  or  ligamentous  union  generally  occurs,  the  fragments 
being  widely  separated. 

:5.  The  Coracoid  Process  is  but  seldom  broken,  there  being  not  more  than 
ten  or  twelve  unequivocal  cases  on  record.  It  cannot  happen  except  by  very 
direct  violence.  There  is  in  the  Museum  of  University  College  a  recent 
preparation  showing  a  fracture  of  the  base  of  this  process,  implicating  the 


590 


^FJWIA  L   FRA  CTURES. 


glenoid  ciu-ity,  and  complicated  witli  iractiire  across  the  base  of  tlie  acromiou  ; 
and  anotlier  specimen,  from  a  Hubject  in  tlie  dissecting-room,  showing  a 
fracture  through  the  middle  of  tlie  process  united  by  a  fibrous  band  three- 
quarters  of  an  inch  iu  lengtli.  Jii  spite  of  the  attachment  of  such  ])owerful 
muscles  as  the  pectoralis  minor,  bicejjs,  and  coraco-brachialis,  the  displace- 
ment is  not  great  as  the  process  is  kept  in  position  by  the  coraco-clavicular 
ligaments.  The  only  Treatment  that  can  be  adopted  is  to  put  the  arm  in  ;i 
sling  and  fix  it  to  the  side. 

-1.  Fracture  of  the  Neck  of  the  Scapula  immediately  behind  the  glenoid 
cavity  is  a  rare  injury.  Its  existence  has  been  doubted  :  A.  Cooper  and  South 
have  stated  that  cases  so  described  are,  in  reality,  fractures  of  the  upper  end 
of  the  humerus.  There  is,  according  to  South,  no  jDreparation  in  any  museum 
iu  London  illustrating  fracture  of  the  neck  of  the  scapula.  A  case,  however, 
recorded  by  Spence  puts  the  occasional  occurrence  of  the  injury  beyond  doubt. 
A  man  was  brought  into  the  Edinburgh  Infirmary,  who  had  fallen  on  his  j 
shoulder  while  intoxicated.  There  was  falling  of  the  limb  towards  the  axilla, 
with  projection  of  the  acromion  and  flattening  of  the  deltoid ;  and  crepitus 
was  felt.  The  contour  of  the  slioulder  was  3'estored  by  di-awing  the  arm  from  \ 
the  side  and  raising  the  limb.  The'  man  died  some  days  afterwards  from  i 
meningitis,  the  result  of  an  injury  to  the  head  received  during  the  fall.  On  ' 
examining  the  shoulder,  *'  the  fracture  \vas  found  to  pass  obliquely  from  below  | 
upwards  and  forwards,  commencing  about  half-an-inch  behind  the  origin  of  | 
the  long  head  of  the  triceps,  and  separating  the  neck  and  four-fifths  of  the 
lower  part  of  the  glenoid  cavity  from  the  scapula.  The  long  head  of  the 
biceps  and  the  whole  of  the  glenoid  hgament  had  also  been  torn  fi-om  the 
upper  fragment  of  the  glenoid  cavity,  and  carried  along  with  the  displaced 
portion."  In  fracture  through  the  neck  of  the  scapula,  the  coracoid  process 
would  necessarily  follow  the  glenoid  cavity,  being  detached  along  with  it. 
Mobility  of  the  coracoid  Avould,  therefore,  be  a  valuable  sign  of  this .  rare 
fracture.  The  Treatment  of  such  an  injury,  if  it  were  recognised,  would 
consist  in  keeping  the  whole  arm  well  raised  and  fixed  to  the  chest,  with  a  pad 
in  the  axilla. 

Feactuiies  of  the  Humerus. — In  studying  the  fractures  of  the  humerus, 
we  must  divide  that  bone  into  three  parts — the  Upper  Ai'ticular  End,  the 
fShaft,  and  the  Lower  Articular  End. 

1.  Fractures  of  the  Upper  Articular  End  of  the  Humerus  not 
mifrequently  occur,  constituting  an  important  class  of  injuries  which  ha\"e 
been  carefully  studied  by  Sir  A.  Cooper,  and  more  recently  by  R.  W.  Smith. 

Five  kinds  of  fracture  of  the  humerus  are  met  with  in  the  immediate  vicinity 
of  the  shoulder-joint.  Two  of  tliese  are  rntraccqmdar,  viz..  Simple  Fracture 
of  the  Anatomical  Neck,  and  Impacted  Fracture  of  this  portion  of  the  bone. 
The  remaining  three  are  Extracapsular,  viz..  Fractures  of  the  Surgical  Xeck — 
Simple  and  Impacted  ;  and  Se])aration  of  the  (Ji'eat  Tuberosity. 

Intracapsular  Fracture  of  the  Neck  of  the  Humerus. — When  the 
fracture  occurs  at  the  analoiiiiral  neck,  the  head  of  the  bone  is  detached  from 
the  shaft,  a  little  above  or  at  the  line  of  insertion  of  the  capsule.  Tliis 
fracture  is  occasioned  by  severe  falls  or  blows  on  the  shoulder.  It  cannot 
result  from  indirect  violence.  A  fall  on  tlie  liand  or  elbow  may  dislocate  the 
humerus,  or  fracture  its  sluift,  but  it  cannot  break  its  upper  articular  end. 

This  injury  is  very  rare,  and  the  signs  of  it  are  by  no  means  distinct, 
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though  much  light  has  been  thrown  upon  them  by  the  labours  of  E.  W.  Smith. 
There  is  loss  of  motion  in  the  shoulder,  with  some  swelling  and  considerable 
]jain,  together  with  shght  deformity  ;  an  irregularity,  produced  by  the  upper 
end  of  the  lower  fragment,  can  be  felt  towards  the  inner  side  of  the  joint ; 
crepitus  is  easily  produced  ;  and  there  is,  on  measurement  from  the  acromion 
to  the  olecranon,  shortening  to  the  extent  of  about  one-third  of  an  inch. 

When  this  fracture  is  impacted,  the  upper  fragment  penetrates  the  lower  one. 
In  consequence  of  this,  the  axis  of  the  humerus  is  directed  somewhat  inwards 
towards  the  coracoid  process  ;  here  also  some  irregular  osseous  swelling  may  be 
detected.  The  head  of  the  bone  can  be  felt  in  the  glenoid  cavity,  but  is  not 
in  the  axis  of  the  limb,  the  elbow  projecting  slightly  from  the  side,  there  being 
at  the  same  time  a  hollow  some  little  distance  under  the  acromion.  There  is 
consequently  more  deformity  about  the  joint  in  the  impacted  than  in  the 
simple  intracapsular  fracture,  with  the  same  impairment  of  motion,  but 
crepitus  is  wanting,  or  a  slight  grating  may  be  felt,  on  firmly  grasping  the 
shoulder  and  rotating  the  elbow. 

In  fracture  of  the  anatomical  neck  of  the  humerus  the  portion  of  bone 
broken  off  may  be  completely  loose,  like  a  foreign  body  in  the  joint.  Under 
these  circumstances,  theoretically,  it  might  necrose  and  give  rise  to  destruction 
of  the  articulation,  but  there  is  no  recorded  case  of  such  a  complication.  In 
most  cases,  so  far  as  the  evidence  of  museum  specimens  goes,  the  injury  is  not 
accm-ately  intracapsular,  the  line  of  fracture  passing  outside  the  capsule 
towards  the  greater  tuberosity,  the  ii-agmeut  being  then  attached  to  the  capsule 
at  its  upper  part.  In  other  cases  it  is  impacted,  and  new  vessels  penetrate  it 
from  the  lower  fragment.  A  case  recorded  by  Boyer  shows  that  when  loose 
it  may  be  gradually  absorbed,  and  there  is  also  evidence  that  if  perfect  rest 
be  maintained,  the  loose  fragment  may  form  new  adhesions.  But  even  if  it 
remains  fi-ee  there  is  no  reason  why  it  should  cause  inflammation  and  suppuration 
any  more  than  a  loose  piece  of  cartilage  chipped  oflF  the  femur  in  the  knee. 

Treatment. — As,  there  is  often  much  swelling  from  contusion  in  these 
cases,  evaporating  lotions  should  l)e  had  recourse  to  for  a  few  days.  A  pad 
may  then  be  placed  in  the  axilla,  and  a  leather  or  gutta-percha  cap  litted  to 
the  shoulder  and  upper  arm,  the  limb  having  previously  been  bandaged.  The 
hand  must  be  supported  in  a  sling,  and  the  elbow  fixed  to  the  side.  In 
examining  and  reducing  these  intracapsular  fractures,  no  violence  should  be 
employed,  lest  any  impaction  of  the  fragments  be  disturbed,  or  portions  of 
untorn  capsule,  of  much  importance  for  the  ultimate  osseous  repair  of  the 
injury,  be  broken  through. 

Extracapsular  Fracture  of  the  Neck  of  the  Humerus.— In  this 
injury,  the  bone  is  broken  through  the  surgical  neck,  or  that  portion  which  is 
below  the  tuberosities,  but  above  the  insertions  of  the  pectoralis  major, 
latissimus  dorsi,  teres  major,  and  deltoid  muscles.  This  accident  is  most 
frequent  in  adults,  but  it  may  occur  in  children  as  well,  the  separation  then 
taking  place  through  the  line  of  junction  between  the  epiphysis  and  the  shai't 
of  the  bone.  In  this  fracture  there  is  a  double  displacement :  the  upper 
fragment  is  rotated  outwards  by  the  infra-spinatus  and  teres  minor,  and 
abducted  by  the  supra-spinatus  ;  whilst  the  shaft  is  drawn  inwards  by  the 
pectorahs  major,  latissimus  dorsi,  and  teres  major,  and  upwards  and  forwards 
into  the  axilla,  and  towards  the  coracoid  pi-ocess,  by  the  biceps,  coraco- 
brachialis,  triceps,  and  deltoid.  • 
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The  signs  of  this  fracture  are  Bufficiently  ol)\  iou,s.  Tlie  glcuoid  cavity  \h 
lilled  by  the  head  of  the  bone,  wliich  can  Ite  felt  in  it,  but  cannot  be  made  to 
move  by  rotating  the  sliaft.  IJelovv  this  there  is  a  depression  causing  some 
flattening  of  the  shoulder,  but  there  is  no  prominence  of  the  acromion  ; 
crepitus  is  easily  produced  if  extension  be  made  to  bring  the  rough  surfaces 
in  contact,  and  there  is  great  mobility  of  the  lowei-  ii-agmont,  with  shortening 
of  the  limb  to  the  extent  of  from  three-quarters  to  one  iucii  ;  but  the  most 
remarkable  sign  is  the  prominence  formed  by  the  upper  end  of  the  shaft  of 
the  humerus,  which  projects  under  the  integuments,  and  can  readily  lie  felt 
under  the  coracoid  process,  when  the  elbow  is  pushed  upwards  and  rotated. 
The  axis  of  the  bone  also  is  directed  obliquely  upwards  and  in^vards  towards 
this  point.  In  consequence  of  the  irritation  of  the  nerves  of  the  brachial 
plexus  by  this  fragment,  which  is  often  very  sharp  and  angular,  a  good  deal  of 
pain  is  complained  of  in  the  arm  and  fingers.  This  sign,  however,  is  not  met 
with  ill  children,  when  the  epiphysis  is  separated  from  the  shaft,  owing  to  the 
greater  smoothness  of  the  fractured  surfaces.  There  is  often  very  great 
extravasation  of  blood  in  this  fracture,  owing  to  laceration  of  branches  of  the 
circumflex  arteries. 

Impacted  Extracapsular  Fracture  of  the  Neck  of  the  Humerus  has 

been  especially  treated  of  by  E,.  W.  Smith  in  his 
work  on  Fractures.  In  this  injury,  the  upper 
fi'agment  being  penetrated  by  the  lower,  the  con- 
tinuity of  the  bone  and  its  firmness  are  in  a  great 
measure  preserved ;  hence  the  usual  signs  of  frac- 
ture, such  as  mobility,  displacement,  and  crepitus, 
are  not  readily  obtainable,  and  indeed  the  signs 
of  this  injury  are  chiefly  negative.  Thus,  there 
is  impairment'  of  motion,  with  slight  deformity 
about  the  joint  and  upper  part  of  the  arm;  and 
occasionally  crepitus  is  obtainable  with  difficulty, 
and  by  firmly  grasping  the  head  of  the  bone 
w^hilst  the  elbow  is  rotated.  There  is,  as  a  rule, 
slight  shortening,  amounting  to  less  than  half  an 
inch. 

In  cMMren,  separation  of  the  epiphysis  from 
^'"omc^tck  om'e  H^^  the  shaft  is  common,  and  especial  care  must  be 

taken  not  to  confound  this  accident  with  a  disloca- 
tion. The  diagnosis  is  always  easy.  In  children  under  puberty  dislocation 
of  the  head  of  the  humerus  scarcely  ever  occurs.  In  the  fracture,  the  head 
can  be  felt  in  the  glenoid  cavity  ;  but  above  all  the  broad  end  of  the  shaft, 
for  the  fi'acture  in  them  is  always  transverse,  may  be  felt  drawn  up  under  the 
coracoid  process,  and  cannot  be  mistaken. 

The  Treatment  in  these  cases  should  be  carried  out  in  accordance  with 
the  following  principles  :  1.  To  bandage  the  hand  and  arm  so  as  to  jii-cvent 
oedema  of  the  limb  ;  2.  To  place  a  pad  in  the  axilla  to  act  as  a  fulcrum  :  3.  To 
bandage  the  elbow  closely  to  the  side  so  as  to  overcome  the  displacement 
inwards  of  the  upper  end  of  the  shaft,  which  will  l)e  thrown  outwards  by  the 
axillary  pad  ;  4.  To  carry  the  elbow  (whilst  it  is  being  bandaged  to  the  side) 
forwards  across  the  chest,  in  advance  of  the  lateral  median  line,  in  order  to 
counteract  the  forward  .displacement  of  the  upper  end  of  the  shaft,  and  thus 
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to  throw  it  backwards  towards  the  head  of  the  humerus  ;  5.  To  apply  a  sling 
^0  as  merely  to  support  the  hand  and  wrist,  allowing  the  elbow  to  hang 
unsupported,  and  thus  letting,  the  weight  of  the  arm  counteract  the  displace- 
ment upwards  (Fig.  202).  By  these  means  the  triple  displacement  of  the 
upper  end  of  the  lower  portion  of  the  shaft  inwards,  forwards,  and  upwards 
\vill  be  counteracted.  '  The  whole  is  then  to  be  steadied  by  means  of  a  leather 
or  o'utta-percha  cap,  carefully  moulded  and  fitted  to  the  shoulder  and  arm. 

In  the  management  of  some  of  these  fractures,  I  have  found  a  very  con- 
venient apparatus  in  a  leather  splint  about  two  feet  long  by  /-X 
six  inches  broad,  bent  upon  itself  in  the  middle,  so  that  one 
half  of  it  may  be  applied  lengthwise  to  the  chest,  and  the 
other  half  to  the  inside  of  the  injured  arm  ;  the  angle 
formed  by  the  bend,  wh?eh  should  be  somewhat  obtuse, 
lieing  well  pressed  up  into  the  axilla  (Fig.  203).  In  this  ^^^^  _ 
way  the  limb  is  steadied,  and  the  tendency  to  displacement  for extracapsular 
inwards  of  the  lower  fragment  is  corrected.  _  oTthrhumerus."^''' 

In  some  cases,  fracture  of  the  neck  of  the  humerus  is 
followed  by  atrophy  of  the  bone,  though  good  union  has  taken  place. 

Compound  Fracture  of  the  Surgical  Neck  of  the  Humerus  is  not  of 
common  occurrence.  I  have  had  a  case  under  my  care  in  which  this  accident 
happened  to  a  lad  from  a  fall  out  of  a  window.  The  fracture  was  transverse, 
and  the  upper  end  of  the  lower  fragment  was  driven  upwards,  and  pro- 
truded through  the  deltoid,  to  the  extent  of  an  inch  and  a  half.  It  was  reduced 
with  difficulty  ;  as  great  irritation  was  set  up  around  the  seat  of  injury,  and  as 
:  there  was  a  tendency  to  recurrent  protrusion  of  the  upper  extremity  of  the 
lower  fragment,  this  was  turned  out  by  enlarging  the  wound,  and  about  an 
inch  and°a  half  of  it  sawn  off.  Union  took  place  between  the  fragments,  and 
recovery  was  effected  with  a  very  useful  arm. 

Separation  of  the  Great  Tuberosity  of  the  Humerus  occurs  occasion- 
ally from  falls  and  blows  upon  the  shoulder ;  but  more  commonly  as  the  result 
of  the  violent  action  of  the  three  muscles  inserted  into  it.  In  this  injury 
there  is  a  double  displacement ;  the  tubercle  is  carried  upwards  and  somewhat 
backwards  away  from  the  head  of  the  bone,  and  under  and  towards  the  posterior 
part  to  the  acromion  process  :  the  head  is  drawn  upwards  and  inwards  by  the 
muscles  passing  from  the  trunk  to  the  arm,  as  well  as  by  the  flexors  of  the  arm, 
in  such  a  way  that  it  lies  upon  the  inner  edge  of  the  glenoid  cavity  under  the 
coracoid  process,  and  is  indeed  almost  luxated.  The  consequence  of  this  double 
displacement  is  a  great  increase  in  the  breadth  of  the  shoulder,  which  has 
I  nearly  double  its  natural  size  ;  on  examination,  a  rounded  tumour— the  head 
I  of  the  bone— movable  on  rotating  the  arm,  can  be  felt  under  the  coracoid 
'  process,  whilst  another  osseous  mass — the  great  tuberosity— may  be  felt  at  the 
'  outer  and  back  part  of  the  joint ;  between  these  a  sulcus  is  perceptible,  and 
;  above  them  the  acromion  is  abnormally  prominent.  Crepitus  may  be  felt 
■  by  bringing  the  two  portions  of  bone  into  apposition  and  rotating  the  arm. 
'  This  accident,  which  is  rare,  has  been  most  carefully  described  by  Guthrie 
.  and  Smith. 

The  Treatment  consists  in  an  attempt  to  bring  the  detached  tuberosity  into 
-  contact  with  tlie  head  of  the  bone,  and  retain  it,  there  ;  this  may  be  done 
'  either  by  mechanical  means,  or  by  relaxation  of  the  muscles.    The  treatment 
by  mechanical  means  consists  in  placing  a  pad  in  the  axilla,  and  bringing  the 
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elbow  to  tlie  side  so  as  to  throw  out  the  head  of  the  bone,  at  tlie  same  time 
that,  by  means  of  a  compress,  the  tuberosity  is  pressed  into  proper  position,  the 
arm  being  supported  in  a  sling.  'I'lie  treatment  by  relaxation  of  the  muscles 
consists  in  elevating  and  extending  the  arm  from  the  trunk  ;  in  carrying  this 
out,  it  is  necessary  that  the  patient  be  confined  to  bed,  the  arm  being  supported 
on  a  pillow. 

The  Period  of  Union  in  a  Tracture  of  the  Neck  of  tlie  Humerus 

is  about  five  weeks,  at  the  end  of  which  time  the  apparatus  may  be  removed, 
but  the  patient  will  not  fully  recover  the  use  of  the  arm  till  about  the  end  of 
the  seventh  or  eighth  week. 

Compound  and  Comminuted  Fractures  of  the  Head  of  the  Humerus 

can  occur  only  as  a  consequence  of  gun-shot  injuiy.  In  these  cases  there  may 
also  be  splintering  of  the  acromion  or  coracoid  processes,  of  the  neck  of  the 
scapula  or  glenoid  cavity,  and  possibly  injury  to  the  axillary  vessels  and  nerves. 

The  Treatment  must  depend  upon  the  extent  of  the  complications.  If  the 
injury  be  confined  chiefly  to  the  head  of  the  humerus,  with  little  damage  to 
the  soft  parts,  and  none  to  the  main  vessels  or  nerves,  excision  should  be 
practised,  any  splinters  in  connection  with  the  scapular  processes  being  removed 
at  the  same  time.  Should,  however,  the  soft  parts  be  extensively  disorganized, 
and  if  the  gi-eat  vessels  and  nerves  are  torn,  amputation  is  the  sole  resource. 

2.  Fractures  of  the  Shaft  of  the  Humerus  are  usually  somewhat  oblique 
from  above  downwards  and  outwards.  They  may  occur  from  any  kind  of 
external  violence,  but  are  more  frequently  the  result  of  muscular  action  than 
those  of  any  other  long  bone.  The  natm'e  of  the  accident  can  be  at  once  de- 
tected by  the  great  mobility  of  the  fragments,  the  ready  production  of  crepitus, 
and  the  other  ordinary  signs  of  fracture.  The  direction  of  the  displacement 
depends  upon  the  seat  of  the  fracture.  If  the  bone  be  broken  above  the  insertion 
of  the  deltoid,  and  below  those  of  the  pectoralis  major,  latissimus  dorsi,  and 
teres  major  muscles,  the  lower  fragment  will  lie  to  the  outer  side  of  the  upper, 
and  will  be  drawn  upwards  while  the  lower  end  of  the  upper  fragment  will  be 
drawn  inwards.  If  the  fracture  be  below  the  insertion  of  the  deltoid,  the 
upper  fragment  will  be  abducted  by  that  muscle,  and  the  lower  will  be  to  its 
inner  side. 

In  proportion  to  the  ft-equency  of  fracture  of  the  shaft  of  the  humerus 
ununited  fracture  occurs  more  commonly  in  this  than  in  any  other  bone. 

The  Treatment  is  best  carried  out  by  the  application  of  a  rectangular 
internal  splint  reaching  from  the  axilla  to  the  wrist,  and  three  short  paste- 
boai'd  or  wooden  splints  on  the  three  other  sides  of  the  liml) ;  the  elbow 
and  fore-arm  must  be  supported  in  a  sling.  In  applying  the  splint  to  the 
inner  side  of  the  arm  care  must  be  taken  not  to  press  on  the  axillary  vein  lest 
oedema  of  the  limb  occur,  and  a  small  circular  hollow  pad  should  be  arranged 
so  as  to  protect  the  inner  condyle.  If  the  fracture  be  near  or  above  the. 
middle  of  the  arm  it  will  be  found  that  this  apparatus  imperfectly  fixes  the 
bone,  as  the  u]:)per  border  of  the  inner  splint  is  very  close  to  the  fracture.  Under 
these  circumstances  the  rectangular  splint  may  be  applied  to  the  outer  side  of 
the  limb  from  the  shoulder  to  the  wrist,  or  a  better  plan  is,  after  applying  the 
splints  as  above  described,  to  fix  the  shoulder  by  binding  the  arm  to  the  side 
with  a  broad  bandage.  It  is  probably  from  want  of  attention  to  this  that 
nnunited  fracture  is  so  common  in  the  humerus. 

The  Period  of  Union  in  Fractures  of  the  Humerus  is  about  five 
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weeks,  and  the  patient  should  have  regained  the  use  of  his  arm  at  the  end  of 
the  seventh  week. 

o.  Fractures  in  the  Vicinity  of  the  Elbow-joint  may  occur  through 
any  of  the  osseous  prominences  in  that  situation.  They  are  very  commonly 
complicated  with  dislocation,  with  severe  contusion  and  injury  of  the  joint,  or 
perhaps  with  comminution  of  the  bones,  and  considerable  laceration  of  the  soft 
parts  covering  them.  In  most  cases  swelling  speedily  comes  on,  tending  to 
obscure  the  nature  of  the  injury.  They  may  be  classified  as — Separation 
of  the  Lower  Epiphysis  of  the  Humerus  ;  Transverse  Fracture  of  the  Lower 
End  of  the  Bone  ;  Fracture  of  either  Condyle  ;  and  to  these  may  be  added 
Fracture  of  the  Olecranon. 

In  examining  a  supposed  fracture  about,  the  elbow- joint,  the  Surgeon 
should  stand  in  front  of  the  patient,  who  must  have  both  elbows  exposed,  and 
should  carefully  compare  the  injured  with  the  sound  side.  To  do  this  he 
should  flex  the  patient's  elbows  to  a  right  angle  and  let  the  upper  part  of 
each  fore-arm  lie  on  the  palm  of  his  hand,  while  he  places  his  thumb  upon 
the  outer  condyle,  his  index  finger  on  the  olecranon,  and  his  middle  finger  on 
the  inner  condyle.  He  thus  readily  judges  whether  these  three  points  of 
bone  are  in  their  normal  relation  to  each  other.  He  should  then  pass  the 
thumb  or  finger  of  each  hand  simultaneously  over  the  bony  points  on  the  two 
sides  and  carefully  contrast  them.  An  assistant  may,  if  necessary,  pronate 
and  supinate  the  hands. 

Separation  of  the  Lower  Epiphysis  of  the  Humerus  before  its  ossifi- 
cation with  the  shaft  is  complete,  is  a  frequent  accident  in  children ;  the  frag- 
ment being  carried  backwards,  with  the  bones  of  the  fore-arm  connected  with 
it,  so  as  to  cause  considerable  deformity  posteriorly.  In  this  accident  the 
trochlea,  the  capitellum,  and  the  condyles  are  broken  off  from  the  shaft.  The 
detached  articular  end  of  the  bone  is  carried  backwards  with  the  fore-arm  by 
the  action  of  the  triceps  muscle.  The  detached  fragment  may  readily  be 
replaced  ;  but  as  soon  as  it  is  left  to  itself,  it  again  slips  out  of  its  position. 
As  this  happens  without  bony  crepitus,  owing  to  the  fracture  being  between 
cartilaginous  surfaces,  although  there  may  be  a  peculiar  soft  crackling,  the 
injury  is  apt  to  be  mistaken  for  dislocation  of  the  fore-arm  backwards. 

Transverse  Fracture  of  the  Lower  End  of  the  Humerus,  just  above 
the  condyles,  occurs  occasionally  in  adults.  The  displacement  backwards  of 
the  fore-arm  and  lower  fragment,  the  pain,  and  crepitus,  indicate  the  nature  of 
the  accident. 

Fracture  of  either  Condyle  of  the  Humerus  may  arise  from  blows  and 
falls  on  the  elbow.  There  is  considerable  pain  about  the  seat  of  the  injury,  but 
usually  not  much  displacement  ;  unless,  as  in  Fig.  204,  there  be  a  transverse 
fractm-e  of  both  condyles,  constituting  what  may  be  termed  the  T-shaped 
fracture  of  the  lower  epiphysis  of  the  humerus.  Crepitus,  however,  may  readily 
be  felt  by  rotating  the  radius,  if  it  be  the  external  condyle  that  is  injured  ;  or 
by  flexing  and  pronating  the  fore-arm,  if  it  be  the  internal  condyle  that  has 
been  detached. 

The  Treatment  of  all  these  injuries  must  be  conducted  on  very  similar 
principles.  The  swelling,  which  rapidly  supervenes,  usually  requires  the 
application  of  cold  lotions,  or  of  irrigation  ;  the  arm  being  flexed,  and  sup- 
ported in  an  easy  position  on  a  proper  splint.  After  the  subsidence  of  the 
swelling,  the  fractured  bone,  whatever  be  the  precise  nature  of  the  injury,  is 
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best  maintained  in  position  by  bein.?  put  in  an  angular  splint  applied  to  the 
inner  side  of  the  limb  (Fig.  205)  ;  the  fore  -arm  being  kept  midway  between 
pronation  and  supination,  and  well  supported  in  a  sling. 

It  is  in  these  particular  fractures  that  passive  motion  should  be  had  recourse 
to  early,  some  degree  of  rigidity  of  the  joint  being  otherwise  often  left.  The 
motion  should  be  begun  in  adults  at  the  expiration  of  a  month  or  five  weeks  ; 
in  children,  at  the  end  of  three  weeks  after  the  occurrence  of  the  accident. 
Union  usually  takes  place  readily.    I  have,  however,  seen  one  instance  of  an 


Fig.  204.— T-shaped  Fracture  of 
Lower  Epiphysis  of  Humerus. 


Fig.  205. — Angular  Splint  applied  to  inside  of  Ann. 


ununited  fracture  of  the  external  condyle  of  the  humerus  in  a  boy  about 
ten  years  old. 

Period  of  Union — These  fractures  unite  quickly,  bony  union  being 
complete  in  four  weeks,  but  it  is  seldom  that  the  patient  recovers  the  use  of 
his  arm  before  the  end  of  the  sixth  week. 

Injury  of  Uerves  in  Fracture  of  the  Humerus. — In  simple  fracture  of 

the  shaft  of  the  humerus,  it  may  happen 
that  the  trunk  of  the  musculo-spiral  nerve, 
where  it  winds  round  the  bone,  may  be 
damaged,  either  by  the  fracture  itself  or 
by  becoming  involved  in  the  subsequent 
formation  of  callus  so  as  to  be  paralysed. 
So  also  when  the  fracture  is  lower  down, 
and  the  external  condyle  is  broken  off, 
the  posterior  interosseous  branch  of  that 
nerve  may  be  injured.  When  the  main 
trunk  is  paralysed,  suiiination  is  imper- 

Fig.  20G.- Paralysis  of  Hand  (Wrist-Drop)     n    .         -,       .        ■        r./i       j  in 

after  Fracture  of  Humerus.         jcct,  and  extension  ot  the  hand  and  fingers 

is  entirely  lost ;  the  fore-arm  becomes 
pronated,  and  the  hand  and  fingers  passively  flaccid,  so  that  a  form  of  tvrisi- 
drop  ensues  ;  all  the  muscles  supplied  by  the  musculo-spiral  nerve  being 
paralysed.  Some  degree  of  supination,  however,  can  be  effected  by  the  action 
of  the  biceps.  Although  the  extensors  of  the  wrist  and  fingers  have  liecome 
paralysed,  yet,  when  the  fingers  are  flexed  into  the  palm  (Fig.  200,  a),  they 
can  be  extended  rapidly,  and  with  some  degree  of  force,  at  the  first  inter- 
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phalangeal  articulations,  as  far  as  is  represented  in  Fig.  206,  &.  This  limited 
movement  of  extension  is  due  to  the  action  of  the  interossei  and  lumbricales 
muscles,  which,  being  supplied  by  the  ulnar  and  median  nerves,  do  not  parti- 
cipate in  the  paralysis  that  affects  all  the  long  exteusors  of  the  fingers,  for,  as 
pointed  out  by  Duchenne  de  Boulogne,  the  interrossei  extend  the  second  and 
third  phalanges  and  flex  the  first  phalanx,  flexion  of  the  two  distal  phalanges 
being  accomphshed  entirely  by  the  long  fiexors. 

When  the  posterior  interosseous  nerve  only  is  paralysed,  the  loss  of  supina- 
tion and  extension  is  necessarily  less  complete  ;  these  movements  being  still 
practicable  to  a  limited  extent,  through  the  medium  of  the  long  supinator  and 
the  long  extensor  of  the  wrist,  which  are  supplied  from  the  mam  trunk,  it 
the  paralysis  of  the  extensors  and  supinators  be  allowed  to  continue  for  some 
time,  the  fore-arm  and  hand  become  drawn  into  a  state  of  permanent  flexion 
and  pronation,  by  secondary  shortening  of  the  muscles  that  act  m  those 

directions  (Fig.  207). 

The  treatment  of  this  comphcation  of  simple  fracture  of  the  humerus  must 
be  conducted  on  the  principles  laid  down  in  the  Chapter  on  Injuries  of  iServes. 
The  patient  should  be  encouraged  to  use  the  hand  as  much  as  possible  as  soon 


Fig.  207.— Permanent  Flexure  from 
Paralysis  after  fracture  of  Humerus. 


Fia.  208. 


-Apiiaratus  for  Wrist-Drop  after  Fractiu'e 
of  the  Humerus. 


as  the  state  of  the  fracture  will  allow  of  it,  and  a  splint  may  be  applied  at 
night  to  prevent  the  occurrence  of  deformity.  In  order  to  overcome  the 
flexion  of  the  hand  and  flngers,  due  to  the  unopposed  action  of  the  long 
flexors,  the  splint  (Fig.  208)  may  be  employed  with  advantage,  the  hand- 
piece admitting  of  upward  movement,  so  as  to  raise  the  hand  and  extend  the 
flngers  forcibly. 

In  a  case  of  pressure  on  the  musculo-spiral  nerve  by  one  of  the  fragments 
or  by  the  callus,  Olher  of  Lyons  removed  a  portion  of  the  callus  with  a  chisel 
and  mallet,  so  as  to  expose  the  nerve,  and  excised  also  a  portion  of  bone 
(apparently  of  the  lower  fragment),  which  was  strangulating  the  nerve.  At 
the  end  of  six  and  a  half  months,  the  patient  had  regained  considerable  power 
of  extending  his  wrist.  Whitson  of  Glasgow  performed  a  similar  operation, 
and  in  his  case  the  improvement  was  more  rapid.  Many  cases  of  the  same 
kind  have  been  suice  recorded. 

Compound  and  Comminuted  Fractures  of  the  El-faow- Joint  are  neces- 
sarily serious  accidents.  They  are  commonly  occasioned  by  falls  on  the  point 
of  the  olecranon,  which  is  the  process  of  bone  most  frequently  and  extensively 
fractured.  In  some  cases  the  olecranon  escapes  injury,  whilst  the  lower 
epiphysis  of  the  humerus  is  splintered  into  many  pieces;  and  more  commonly, 
perhaps,  both  bones,  the  ulna  as  well  as  the  humerus,  are  injured.  As  the 
integuments  over  the  point  of  the  elbow  are  thick  and  hard,  very  extensive 
comminution  of  the  bones  may  occur  with  very  little  apparent  mjury  of  the 
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soft  parts.  Wlien  these  fractures  are  the  result  of  gun-shot  injury,  the  soft 
parts  may  be  extensively  torn,  and  the  bones  greatly  shattered.  In  the 
cases  that  occur  in  civil  practice,  I  have  seldom  seen  much  laceration  of  the 
soft  parts. 

The  Treatment  of  these  important  accidents  must  necessarily  depend  on 
the  amount  of  injury  done  both  to  bones  and  soft  parts.  If  the  articulation 
be  simply  opened  with  little  laceration  of  the  surrounding  soft  parts,  and  no 
comminution  of  the  fractured  bone,  the  limb  should  be  saved.  If  the  bones 
be  much  shattered,  the  soft  parts  not  being  seriously  implicated,  removal  of 
the  splinters,  or  resection  of  the  injured  joint,  will  enable  the  Surgeon  to  save 
the  rest  of  the  limb  ;  but  if  the  soft  parts  be  extensively  contused  and  torn, 
the  bones  at  the  same  time  being  comminuted,  amputation  of  the  arm  may  be 
required.  If  an  attempt  be  made  to  save  the  joint  without  operation,  great 
attention  must  be  paid  to  drainage,  rest,  and  prevention  of  decomposition. 
If  the  cavity  become  filled  with  septic  matter,  not  only  will  there  be  severe 
septic  fever,  but  abscesses  will  form  in  front  of  and  around  the  joint,  the 
splintered  fi-agments  will  necrose,  and  excision,  or  possibly  amputation  of  the 
limb,  will  be  necessary  in  a  few  weeks.  These  cases,  however,  as  a  rule,  do 
.very  well  when  treated  autiseptically. 

Perfect  rest  may  in  these  cases  be  obtained  by  the  plan  recommended 
by  H.  0.  Thomas  of  slinging  the  hand  up  over  the  upper  part  of  the  chest 
by  a  bandage  secured  by  a  clove  hitch  to  the  wrist,  and  tied  round  the  neck. 

If  the  comminution  is  such  as  to  render  removal  of  the  splintered  fragments 
necessary,  or  if  it  be  evident  that  recovery  can  take  place  only  with  a  stiff 
elbow-joint,  resection  should  be  performed.    In  these  cases  the  question  may 
arise  whether  partial  or  complete  removal  of  the  articulation  should  be 
practised.    This  will  depend  in  great  measure  upon  circumstances.    If  the 
comminution  is  such  as  to  require  the  removal  of  a  considerable  length  of  the 
humerus,  it  is  better,  if  possible,  to  leave  the  bones  of  the  fore-arm  untouched, 
otherwise  a  flail-like  arm  is  certain  to  result.    If  but  little  length  of  bone  has 
to  be  removed,  there  is  some  danger  of  a  stiff  elbow  resulting  unless  the  whole 
cartilage-covered  surfaces  of  the  bones  are  removed.    In  cases  in  which  a 
secondary  excision  becomes  necessary  after  an  attempt  to  save  the  joint  has 
failed,  it  is  better  to  follow  the  ordinary  rule  of  removing  all  the  articular 
surfaces  even  if  only  one  is  injured,  as  in  these  cases  the  cartilages  have 
often  necrosed  from  the  irritation  of  the  septic  discharges  and  would  seriously 
delay  the  cure.    When  primary  resection  is  determined  on,  the  sooner  the 
operation  is  done  the  better  ;  when  a  secondary  operation  is  necessary,  after 
septic  inflammation  has  followed  the  accident,  the  Surgeon  must  wait  till  the 
septic  fever  begins  to  subside,  and  suppuration  is  fully  established,  and  then 
he  should  do  it  with  as  little  delay  as  possible  lest  hectic  or  pyaemia  supervene. 
The  operation  as  performed  differs  in  no  material  respect  from  the  same 
operation  for  disease  of  the  articulation,  which  will  be  described  in  Chai^tcr 
XLIX.    In  primary  excision  great  care  must  be  taken  to  save  the  periosteum 
as  much  as  possible,  otherwise  a  flail-like  joint  may  result.    In  secondary 
operations,  as  the  periosteum  is  loosened  by  the  inflammation,  it  usually  is 
saved  without  difflculty. 

Fractures  of  the  Fore-arm. — 1.  The  only  fracture  of  the  bones  of  the 
fore-arm  that  commonly  occurs  in  the  vicinity  of  the  dhow- joint,  is  that  of  the 
Olecranon ;  this  happens  almost  invariably  from  falls  upon  the  elbow. 
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It  may  possibly,  thongli  very  rarely,  occur  from  muscular  action.  The 
displacement  is  sometimes  considerable,  the  detached  fragment  being  drawn 
upwards  by  the  triceps  muscle.  Frequently,  however,  when  the  ligamentous 
expansion  from  the  tendon  of  this  muscle  to  the  fascia  of  the  fore-arm  is  not 
torn  through,  there  is  but  little  separation  of  the 
fragments.  There  is  always  effusion  of  blood  and 
serum  into  the  joint,  which  necessarily  prevents 
the  close  approximation  of  the  fragments.  In  the 
majority  of  cases,  as  the  injury  takes  place  from 
direct  violence,  there  is  much  swelhng  about  the 
joint ;  and  not  unixequently  the  fracture  is  com- 
minuted or  compound. 

The  Treatment  is  best  conducted  by  mode- 
rately straightening  the  arm,  and  maintaining  it  in 
that  position  by  means  of  a  well-padded  hght 
wooden  splint  laid  along  its  fore  part.  But,  although 
the  arm  shoidd  be  kept  nearly  straight,  it  should 
not  be  quite  extended.  The  best  and  most  easy 
position  in  which  to  put  it  up  is  that  into  which 
the  arm  naturally  falls  when  hanging  by  the  side  ;  -n-    .    ^  Tf 

in  this  there  will  be  seen  to  be  slight  flexion  at  the  elbow  (Fig.  210).  it 
the  fore-arm  be  too  rigidly  extended  on  the  arm,  it  maybe  carried  backwards 
beyond  the  straight  line,  owing  to  loss  of  the  resistance  of  the  olecranon 


Fig.  209.— Fracture  of  Olecranon 


Fig.  210.— Apparatus  for  Fractiu-ed  Olecranon. 

against  the  fossa  at  the  back  of  the  humerus.  In  order  to  facihtate_  the 
approximation  of  the  fragments,  Lauenstein  recommends  puncture  of  the  joint 
with  antiseptic  precautions  and  evacuation  of  the  blood  and  serum.  The  fluid 
could  be  more  safely  and  as  efficiently  removed  by  the  aspirator,  and  the  treat- 
ment certainly  deserves  further  trial. 

As  a  rule,  union  takes  place  by  firm  fibrous  tissue,  but  bony  union  has 
sometimes  been  obtained.  Should  the  union  be  so  loose  as  to  render  the  arm 
useless,  it  has  been  recommended  to  cut  down  on  the  seat  of  fracture,  freshen 
the  bony  surfaces,  and  apply  a  wire  suture  as  in  the  treatment  of  ununited 
fractures  elsewhere.  In  order  to  do  this  without  the  risk  of  suppuration  the 
strictest  antiseptic  precautions  must  be  observed.  The  operation  has  been 
successfully  performed  by  Lister  and  MaoCormac  ;  but  the  cases  m  which 
such  an  operation  could  be  required  are  very  rare. 

Period  of  Union.— A  simple  fracture  of  the  olecranon  is  usually  united 
with  sufficient  firmness  to  allow  of  the  splint  being  abandoned  in  from  four  to 
five  weeks,  after  which  passive  movement  must  be  carefully  carried  out  to  get 
rid  of  the  stiffness  of  the  joint. 

In  Compound  Fracture  of  the  Olecranon,  the  joint  must  be  syringed 
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out  with  an  antiseptic  solution,  and  treated  hy  some  form  of  antiseptic  dress- 
ing-. The  fragment  should  be  fixed  to  the  ulna  hy  wire  sutures,  care  being 
taken  to  provide  drainage  from  the  joint  on  each  side,  of  it.  In  cases  in  which 
suppuration  has  taken  place,  and  when  there  is  a  probability  of  ankylosis,  the 
semi-flexed  would  be  preferable  to  the  straight  position.  If  destruction  of  the 
joint  follow,  excision  may  be  necessary. 

Fracture  of  the  Coronoid  Process  of  tlie  Ulna  has  been  supposed  by 
niany  Surgeons  to  be  a  common  complication,  and,  indeed,  a  cause  of  disloca- 
tion of  the  ulna  backwards.    There  is  every  reason,  however,  to  believe  that 
this  is  an  error,  and  that,  in  point  of  fact,  it  is  one  of  the  rarest  accidents  in 
surgery— at  least,  we  must  come  to  this  conclusion,  if  we  are  to  judge  by  the 
small  number  of  recorded  cases  or  of  preserved  specimens  of  this  injury. 
Hamilton  states  that  there  are  but  eight  cases  on  record  in  which  there 
was  reason  to  believe  that  this  accident  had  occurred  ;  that  in  not  one 
of  these  cases  were  the  symiDtoms  unequivocal :  and  that  in  none  did  dis- 
section afford  an  opportunity  of  demonstrating  this  fracture.     There  are 
but  four  preparations  in  existence,  according  to  Hamilton,  illustrative  of 
this  injury,  and  all  these  are  doubtful.      In  the  cases  in  which  this 
accident  has  been  supposed  to  have  occurred,  the  injury  has  arisen  from  falls 
on  the  palm  of  the  hand,  by  which  the  ulna  has  been  di-iven  backwards, 
and  the  coronoid  process,  striking  against  the  lower  end  of  the  humerus, 
splintered  off.    In  a  case  related  by  Liston,  the  injury  is  said  to  have  been 
produced  by  muscular  action  in  a  boy,  who,  hanging  for  a  length  of  time  by 
his  hands  from  a  high  wall,  fell  to  the  ground,  and  was  supposed  to  have 
sustained  this  fracture.    Whether  the  fracture  actually  occurred  is  doubtfiil ; 
and,  if  it  did,  it  is  still  more  doubtful  whether  it  was  occasioned  by  the 
contraction  of  the  brachialis  anticus  muscle,  or  by  the  violence  of  the  fall. 

In  the  present  uncertain  state  of  our  knowledge,  I  forbear  to  speak  of  the 
supposed  symptoms  of  this  accident.  If  it  were  suspected,  the  proper  treat- 
ment would  consist  in  placing  the  limb  in  angular  splints. 

2.  Fractures  about  the  Middle  of  the  Fore-arm  are  very  common, 
both  bones  being  usually  broken,  with  much  shortening,  angular  displacement, 
and  crepitus.  Occasionally  one  bone  only,  commonly  the  ulna,  is  fi-actured  by 
direct  violence.  When  this  is  the  case,  more  attention  mil  be  required  in 
establishing  the  precise  nature  of  the  injury. 

The  Treatment  is  simple  ;  a  plain  wooden  splint  someivliat  Iroaier  than 
the  arm  should  be  placed  on  each  side  of  it,  and  a  narrow  jDad  laid  along  the 
interosseous  space,  in  order  that  the  patency  of  this  may  be  preserved  ;  no 
bandage  should  be  placed  under  the  splint,  nor  must  the  bandages  that  are 
over  the  splints  touch  the  sides  of  the  arm.    The  fore-arm  must  be  placed 
mid-way  between  pronation  and  supination,  as  this  gives  the  greatest  natural 
interval  between  the  two  bones.    When  the  arm  is  hanging  down,  the  thumb 
should  be  upwards  ;  a  fractured  fore-arm  is  however  usually  put  up  while  the 
patient  is  seated  with  his  arm  raised  to  the  level  of  his  head,  and  the  elbow 
bent  at  a  right  angle,  the  Surgeon  standing  in  front  of  him.    The  student  is 
apt  to  forget  that,  for  the  bones  to  be  mid-way  between  pronation  and 
supination  in  this  position,  the  thumb  must  be  pointing  towards  the  face. 
If  the  bones  be  put  up  in  an  improper  position,  or  squeezed  together,  a  mass 
of  callus  may  be  thrown  out  across  the  interosseous  sj^ace  uniting  them 
together.    Pronation  and  supination  of  the  hand  will  then  be  lost,  and  the 
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utility  of  the  limb  greatly  impaired  (Fig.  211).  The  sphnts  should  always 
be  removed  aud  the  limb  examined  without  disturbing  the  fracture  at  the  end 
of  every  second  day  for  the  first  week,  as  the  pressure  of  the  pad  between  the 
bones  is  apt  to  cause  sloughing  without  any  pain  or  other 
sign  of  mischief.  In  such  cases  the  slough  may  extend 
io  the  flexor  muscles,  and  the  median  and  ulnar  nerves 
may  become  paralysed  by  pressure.  When  the  slough 
separates,  the  flexor  muscles  may  be  exposed  and  become 
involved  in  the  scar  in  healing,  thus  leading  to  forced  flexion 
and  stiffness  of  the  wrist  and  fingers.  I  have  seen  more 
than  one  case  in  which  this  has  happened. 

Period  of  Union. — The  average  time  of  union  in  the 
fore-arm  is  five  weeks. 

Compound  Fractures  of  the  Fore-arm  seldom  give 
much  trouble  or  require  amputation,  but  they  very  com- 
monly lead  to  obliteration  of  the  inter-osseous  space,  and 
thus  impair  the  utility  of  the  limb,  by  preventing  pronation 
and  supination. 

3.  Fractures  of  the  Lower  Extremity  of  the 
Radius,  near  the  wrist,  are  very  frequent,  especially  in 
women  after  the  age  of  45.  Their  importance,  not  only 
from  a  diagnostic  point  of  view,  but  also  in  reference  to 
treatment,  has  caused  them  to  be  carefully  studied  ;  and  _  ^^j.^^^.^^^^^ 

their  nature  and  pathology  have  been  specially  investigated     °  of  the  interosseous 

-.-r,,  T-.    -rrf         -.1  1  J  space  in  a fi-actm-e  of 

by  CoUes,  N^laton,  E.  W.  Smith,  and  Gordon.  the  fore-arm. 

The  lower  end  of  the  radius  is  liable  to  several  different 
kinds  of  fracture.  The  most  common  of  these  is  that  which  is  generally  called 
"  Colles's  Fracture,"  from  the  eminent  Surgeon  who  first  fuUy  described  it. 
In  this  fi-acture  the  carpal  end  of  the  radius  is  broken  across,  usually  by  a  fall 
on  the  pahn  of  the  hand,  the  lower  fragment  being  displaced  backwards. 
Gordon,  who  gave  gi-eat  attention  to  the  mechanism  of  this  fracture,  states 
that,  in  twenty-seven  old  specimens  examined  by  him,  the  line  of  fracture 
posteriorly  varied  from  |  to  If  inch,  and  anteriorly  from  f  of  an  inch  to  two 
inches  above  the  carpal  border  of  the  radius,  being  in  ten  one  inch  and  under, 
in  ten  more  than  one  inch  but  not  over  If  inch,  in  the  others  indefinable.  The 
fracture  is  usually  oblique  from  before  backwards.  Besides  Colles's,  other 
fractures  are  met  with  in  this  situation.  They  are  of  three  kinds  ;  1,  Simple 
Transverse  ;  2,  with  Comminution  of  the  Lower  Fragment ;  and  3,  with 
firm  Impaction  of  the  Upper  into  the  Lower  Fragment. 

The  Signs  of  fracture  of  the  lower  end  of  the  radius  vary  greatly,  ac- 
cording to  the  nature  of  the  injury.  In  an  uncomplicated  case,  there  is 
usually  no  very  great  displacement ;  but  there  will  be  noticed  some  tumefaction 
about  the  wrist,  a  swelUng  at  its  dorsal  aspect,  loss  of  the  movement  of  the 
radius,  and  crepitus  on  rotating  the  bone  whilst  the  hand  is  drawn  down. 
When  the  fracture  is  comminuted,  and  still  more  so  when  impacted,  the 
deformity  is  very  marked  and  characteristic ;  so  much  so,  that  it  may  be 
looked  upon  as  diagnostic  of  these  forms  of  this  accident.  The  displacement 
gives  rise  to  a  remarkable  undular  distortion  of  the  wrist.  On  looking 
sideways  at  the  hand  and  fore-arm  which  are  held  midway  between  supination 
and  pronation,  it  will  be  seen  that  there  is  a  considerable  dorsal  prominence 
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apparently  situated  just  above  the  back  of  tlie  carpus  (Fig,  213)  ;  imme- 
diately.underneath  this,  on  the  palmar  aspect  of  the  wrist,  just  opposite  the 
annular  ligament,  there  is  a  remarkable  hollow  or  arch,  confined  to  the 
radial  side  of  the  arm  ;  a  little  above  this — that  is  to  say,  on  the  lower 
part  of  the  anterior  aspect  of  the  fore-arm — there  is  another  rounded  pro- 
minence, not  nearly  so  large  or  distinct,  however,  as  the  one  on  the  dorsal 
aspect.     The  hand  is  abducted  and  rotated  outwards,  so  that  its  axis  is 


Fig.  212.-  F:-acture  of  Lower 
End  of  Radius :  Back  View. 


Fig.  213.— Fracture  of  Lower  End  of  ^Radius  :  Side  View. 

oblique  to  that  of  the  fore-arm  ;  the  inner  border 
being  somewhat  convex,  and  the  styloid  process  of 
the  ulna  projecting  sharply  under  the  skin  (Fig. 
212).  The  radial  side  of  the  wrist  is,  on  the  con- 
trary, somewhat  concave,  appearing  to  be  shortened. 

The  pain  at  the  seat  of  injury  is  very  severe,  and 
is  greatly  increased  by  moving  the  hand,  especially 
by  making  any  attempt  at  supination.    The  hand  is 
perfectly  useless,  the  patient  being  unable  to  support 
it.  All  power  of  rotation  is  lost,  the  patient  moving 
the  whole  of  the  arm  from  the  shoulder,  and  thus 
apparently,  but  not  really,  pronating  and  supinatiug  it.    Crepitus  can  readily 
be  felt  when  the  fracture  is  unimpacted  or  comminuted ;  but  when  it  is  im- 
pacted, the  most  careful  examination  fails  to  elicit  it. 

The  Cause  of  the  particular  Deformity  has  been  the  subject  of  much  discus- 
sion, owing  to  the  rarity  of  opportunities  of  dissecting  recent  fractm-es  of 
this  kind.  Surgeons  are,  however,  now  agreed  that  the  dorsal  prominence  is 
due  to  the  lower  fragment,  carrying  the  carpus  with  it,  being  displaced  back- 
wards and  upwards  ;  whilst  that  on  the  palmar  aspect  is  due  to  the  projection 
forwards  of  the  lower  end  of  the  upper  fragment,  which  is  thrown  into  a  state 
of  pronation.  The  pronation  of  the  upper  fi-agment  is  evidently  due  to  the 
pronatores  quadratus  and  radii  teres  ;  but  to  what  is  the  displacement  of  the 
lower  fragment  due  ?  Is  it  to  the  peculiar  manner  in  which  the  two  frag- 
ments are  locked  into  one  another  ?  or  is  it  due  to  muscular  action  ?  Some 
years  ago  I  had  an  opportunity  of  dissecting  the  limb  of  a  woman  who  died 
from  other  causes  in  University  College  Hospital  twelve  days  after  meeting 
with  this  accident.  On  examining  the  left  arm,  which  presented  all  the  signs 
of  this  injury  in  a  marked  degree,  and  from  which  Fig.  212  was  taken,  a 
transverse  fracture  of  the  radius  was  found  about  an  inch  above  its  articular 
surface.  The  lower  fragment  was  split  into  three  portions,  between  which 
the  upper  fragment  was  so  firmly  impacted  to  the  depth  of  more  than  half  an 
inch,  as  to  require  some  force  in  its  removal.    The  three  portions  into  which 
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the  lower  frao-ment  was  split  were  of  very  unequal  size  ;  the  two  pos  erior 
ones  being  small,  consisting  merely  of  scales  of  bone ;  the  third  fragment  the 
largest,  comprising  the  whole  of  the  articular  surface  of  the  radius,  which 
was  tilted  somewhat  upwards  and  backwards,  carrying  the  hand  with  it.  To 
this  frao-ment  were  attached  the  supinator  longus,  and  part  of  the  pronator 
quadratus ;  the  ligaments  and  capsule  of  the  joint  were  unmjured       _  _ 

This  case  presented  the  appearance  usually  met  with  m  this  kind  of  injury; 
the  lower  fragment  being  displaced  in  such  a  way  that  its 
articular  surface  looked  slightly  backwards,  and  somewhat  out- 
wards, so  as  to  be  twisted  as  it  were  upon  its  axis.  The  upper 
fragment  was  found  in  a  state  of  pronation,  and  was  driven 
into  and  firmly  impacted  in  the  lower  one. 

That  the  deformity  in  this  case  was  the  result  of  impaction, 
there  could  be  no  doubt ;  and  that  impaction  is  the  cause  of 
deformity  in  many  cases,  is  proved  by  an  examination  of  several 
specimens  of  consolidated  fracture  of  the  radius  preserved  in 
the  different  collections  in  London,  and  by  the  difficulty  of 
accounting  in  any  other  way  for  the  occasional  impossibility 
of  properly  reducing  these  fractm-es.  The  great  traction  that 
is  usually  required  to  remove  the  deformity,  and  the  absence  of 
distinct  crepitus  until  after  forcible  traction  has  been  employed, 
indicate  the  existence  of  this  impaction. 

Mechanism.— The  mode  in  which  the  accident  occurs,  and 
the  position  of  the  hand  at  the  moment  of  its  coming  into 
contact  ^vith  the  ground,  wiU,  I  think,  materially  influence  the 
kind  of  fracture  as  well  as  the  amount  and  character  of  the 
resulting  deformity.  When  a  person  falls  on  his  hands  out- 
stretched to  save  him,  the  limb  is  usually  not  completely 
pronated.  It  is  half-way  between  complete  pronation  and  the 
mid-state  between  pronation  and  supination.  Complete  pro- 
nation is  a  forcible  muscular  effort  which  is  not  carried  to  the  full  extent 
at  the  moment  of  danger.  The  hand  is  in  fact  three-quarters  pronated— not 
wholly  BO.    The  effect  of  this  position  is,  that  the  uhw  border  is  directed 
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214.— Fractiu-c 
Lnwev  End 
of  Badius  ;  Dis- 
placciiient  of  Ai- 
ticulai-  Surface. 


Fig.  215.— Au  old  Colles's  Fracture  of  the  Badius.  Showing  the  dorsal  prominence  mado  by  the  Lower 
Fi-agmeiit  and  the  Carpus,  and  the  palmar  projection  caused  by  the  anterior  part  ol  the  lower  end 
of  the  Uxiper  Fragment. 

slightly  downwards  and  first  comes  into  contact  with  the  ground,  and  the 
fracturing  force  is  directed  in  a  line  that  is  somewhat  towards  the  radial 
side,  as  well  as  backwards  and  upwards.  Hence  the  hand  is  driven  from 
the  ulna  towards  the  radius,  causing  the  strongly  marked  projection  of  the 
styloid  process  of  the  ulna  ;  and,  the  radius  being  broken  across  at  its  lower 
end,  the  fragment,  carrying  with  it  the  carpus  and  hand,  is  driven  backwards, 
upwards,  and  slightly  outwards,  causing  the  double  deformity  of  a  projection 
at  the  back  of  the  fore-arm  immediately  above  the  carpus,  and  the  concavity 
along  the  outer  line  of  the  radius. 
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Fig.  215  "f.  —  Fracture  . 
Lower  End  of  Radins  . 
Displacement  of  Lower 
Fragment. 


But  if,  as  sometimes  bajjpens,  the  hand  be  completely  and  forcibly  pronated 
afc  the  moment  when  it  touches  the  ground,  then  the  shock,  which  is  received 
principally  on  the  ball  of  the  tliumb  and  the  radial  side  of  the  wrist  imiiinges 
m  a  direction  obliquely  from  before  backwards,  and  from  without  inwards  as 
well  as  from  below  upwards,  and  thus  has  a  tendency,  as  soon  as  the  bone  is 
broken,  to  rotate  the  lower  fragment 
on  its  own  axis,  and  to  tilt  the 
articular  surface  somewhat  upwards 
and  outwards.  As  the  upper  frag- 
ment descends,  its  posterior  surface 
of  compact  tissue  is  forced  into  the 
cancellous  structure  of  the  lower 
fragment  until  the  two  posterior 
portions  of  compact  tissue  come  into 
contact ;  and  thus  the  upper  line  of 
compact  tissue  is  driven  into  the 
lower  fragment,  to  an  extent  corre- 
sponding to  the  degree  with  which 
the  fragment  is  rotated  upwards  and 
backwards.  If  the  bone  be  brittle, 
or  the  force  be  continued  after  this 
amount  of  impaction  has  taken  place, 
the  lower  fragment  will  be  splintered. 
The  prominence  of  the  styloid  process  of  the  ulna  in  this 
case  is  the  result  of  the  shortening  of  the  radial  side  of 
the  wrist  and  hand,  consequent  upon  the  impaction. 

"When  the  fracture  is  unimpacted,  or  when  it  is  comminuted  without  impac- 
tion, I  agree  with  R.  W.  Smith  that  the  displacement  of  the  lower  fragment 
is  the  result  of  muscular  action  alone.  This  I  have  had  an  opportunity  of 
observing  in  the  following  case.  A  man,  64  years  of  age,  fell  from  a  height  of 
twenty-five  feet,  breaking  the  left  radius  just  above  the  wrist,  and  at  the  same 
time  receiving  such  serious  injuries  of  the  pelvis  and  abdomen,  that  he  died 
in  an  hour  after  admission  into  the  Hospital.  On  dissecting  the  arm  about 
twenty-four  hours  after  death,  I  found  that  the  radius  was  fractured  trans- 
versely about  half  an  inch  above  its  lower  end,  and  that  the  lower  fragment 
was  completely  comminuted.  The  wrist,  which  presented  all  the  signs  of 
this  fracture  in  a  marked,  but  not  an  extreme  degree,  could  not  be  restored 
to  its  normal  shape  by  any  amount  of  traction.  On  exposing  the  muscles 
of  the  limb,  it  was  found  that  the  supinator  longus  Avas  attached  to  the 
lower,  and  the  pronator  quadratus  to  the  upper  fragment  ;  the  latter 
muscle  being  slightly  lacerated  at  its  lower  part.  The  upper  fragment  was 
strongly  pronated.  The  main  obstacle  to  reduction  was  found  to  exist  in 
the  two  radial  extensors  of  the  wrist,  the  tendons  of  which  were  excessively 
tense  ;  next  to  these,  the  special  extensors  of  the  thumb  presented  most 
tension,  and  then  the  supinator  longus,  Avhich  was  far  less  tense  than  either  of 
the  other  sets  of  muscles,  but  especially  than  the  radial  extensors,  the  tendons 
of  which  were  strongly  defined.  On  dividing  these  tendons,  and  on  pressing 
the  lower  end  of  the  upper  fragment  outwards,  reduction  was  easily  effected. 
Here  the  displacement  was  evidently  due  to  two  causes.  The  upjjcr  fragment 
was  forcibly  pronated  by  the  action  of  its  special  pronators  ;  and  the  hand. 


Fig.  210.— A.  section  of 
tlie  bouc  from  wliicli 
P"ig.  215*,  was  taken, 
showing  the  impac- 
tion of  tlie  compact 
tissue  of  tlie  pos- 
terior aspect  of  the 
Uj^perFragmentinto 
the  cancellous  tissue 
of  the  Lower. 
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with  the  lower  fragment  attached,  was  drawn  upwards  and  backwards  by  the 
radial  extensors  of  the  wrist.  There  was  no  impaction  or  interlocking  of 
fragments,  but  perfect  mobility,  and  hence  muscular  action  was  enabled  to 
come  into  play. 

In  another  case  which  T  have  since  dissected,  the  muscles  chiefly  at  fault 
were  the  radial  extensors  ;  next  to  these  the  extensors  of  the  thumb  ;  the 
supinator  longus  being  but  slightly  if  at  all  contracted. 

Besides  this  injury,  R.  W.  Smith  has  described  a  fracture  of  the  lower  end 
of  the  radius  from  falls  upon  the  back  of  the  hand,  in  which  the  inferior 


Fig.  217.— Old  Pi.stol-Spliiit  for  Treatment  of  Fracture  of  the  Lower  End  of  the  Radius. 


fragment  is  displaced  forwards.  In  these  cases  the  character  of  the  deformity 
indicates  the  nature  of  the  injury.    It  can  readily  be  reduced  by  traction. 

In  another  variety  of  fracture  in  this  situation,  the  lower  end  of  the  radius 
and  that  of  the  ulna  are  broken  off,  resembling  very  closely  dislocation  of  the 
^^Tist  backwards.  But  the  existence  of  grating,  the  ready  reduction  of  the 
swelling,  and  the  attachment  of 
the  styloid  processes  of  the  radius 
and  of  the  ulna  to  the  carpus,  with 
which  they  move,  will  be  sufficient 
to  establish  the  diagnosis. 

The  Treatment  of  the  ordinary 
fracture  of  the  radius  near  the  wrist 
may  be  conducted  by  the  apparatus 
shown  in  Figs.  217,  218.  This 
consists  of  a  pistol-shaped  wooden 
splint,  which  is  placed  along  the  Rg.  21s. -Pistoi-spiint  shaped  to  hand, 

outside  of  the  arm,  reaching  from 

the  elbow  to  the  extremity  of  the  fingers.  Forcible  extension  and  counter- 
extension  should  be  practised,  with  the  view  of  disentangling  the  fragments, 
and  removing  the  dorsal  prominence.  The  splint  should  be  carefully  padded, 
the  padding  being  made  thicker  opposite  the  lower  fragment,  and  then,  with 
the  straight  portion  held  vertically,  the  head  of  the  splint  should  be  fixed  to 
the  back  of  the  hand.  Gentle  extension  should  then  be  made,  and  the  hand 
bent  to  the  ulnar  side  by  raising  the  straight  portion  of  the  splint  to  the  hori- 
zontal position,  so  as  to  make  it  lie  against  the  back  of  the  fore-arm,  where  it 
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should  be  held,  while  another  straight  splint,  extending  from  the  elbow  to  the 
lower  end  of  the  upper  fragment,  is  placed  on  the  inner  side  of  the  fore-arni. 
Both  splints  should  then  bo  fixed  by  means  of  a  roller,  care  being  taken  to 
have  the  inner  splint  well  padded  along  the  radial  border,  so  as  to  counteract 
the  tendency  to  pronation  of  this  part  of  the  bone.  The  arm  must  then  be 
placed  in  a  sling.  The  pistol-splint  should  be  worn  for  a  fortnight  or  three 
weeks.  At  the  end  of  this  time  ,a  gauntlet  of  gutta-percha,  or  other  plastic 
material,  may  be  moulded  to  the  wrist  and  worn  instead  of  the  splint.  All 
apparatus  should  be  discontinued  at  the  end  of  five  weeks  in  the  adult,  a  week 


Fig.  219.— Gordon's  Splint. 

or  two  earlier  in  children.  When  the  fracture  is  impacted,  little  if  any 
alteration  in  the  deformity  can  be  produced  ;  when  it  is  mobile,  it  may  usually 
be  brought  into  good  position.  The  fracture  unites  in  the  course  of  a  month 
or  five  weeks.  After  the  first  week  it  is  well,  especially  in  elderly  people,  to 
leave  the  fingers  free,  and  to  encourage  movement  of  them,  lest  that  painful 
stiffness  result  which  is  so  common  a  sequela  of  the  accident.  Passive  motion 
of  the  wrist-joint  may,  however,  often  be  commenced,  with  great  advantage 
to  the  patient,  before  the  union  of  the  fracture,  more  particularly  when 
it  is  impacted.  If  the  hand  and  fingers  be  kept  fixed  on  the  splint  until  the 
fracture  is  fully  united,  very  troublesome  and  painful  stiffness  will  result.  It 
is  frequently  fully  three  months  before  this  is  so  far  diminished,  even  by  the 
use  of  friction  and  douches,  as  to  enable  the  patient  to  use  the  fingers,  the 

stiifness  of  the  m-ist  being  often 
due  to  the  extension  of  a  fissure 
into  the  joint.  It  sometimes 
happens  that  in  both  arms  the 
radius  is  broken  at  the  same  time 
in  this  situation. 

The  accompanying  Figs.  210 
and  220,  represent  two  forms  of 
s^Dlints  that  justly  have  many 
advocates,  viz.,  Gordon's  and 
Nelaton's. 

Another  form  of  splint  which 
will  be  found  most  efficient  in  overcoming  the  deformity  and  comfortable 
to  the  patient,  is  that  invented  by  Carr  (Fig.  221).  It  consists  of  a 
narrow  splint  slightly  hollowed  out  to  fit  the  radius,  obliquely  across  the 
end  of  which  is  a  cylinder  of  wood  about  four  inches  long  by  one  in 
diameter.  This  is  padded  with  folded  lint  and  applied  to  the  fore-arm 
in  such  a  way  that  the  cylinder  corresponds  to  the  raetacarpo-phalangeal 
articulations.    The  displacement  must  be  reduced  and  the  hand  well  drawn 


Fig.  220. — Nelaton's  Apparatus 
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Fi".  221. — Carr's  Splint. 


towards  the  dnar  side  as  the  splint  is  applied    The  fingers  are  now  bent 
down  so  as  to  make  them  firmly  grasp  the  cyhnder  of  wood.    A  short  splmt 
about  two  inches  wide,  is  then  placed  on  the  back  of  the  arm  and  both 
are  secured  by  a  few  turns  of  bandage.    The  bandage  must  at  first  be  applied 
so  to  keep  the  fingers  in  the 
fle-xed   position,    grasping  the 
cyhnder,  but  after  the  first  week 
the  bandage  must  not  extend 
beyond    the    carpo  -  metacarpal 
articulation,  the   fingers  being 
left  perfectly  free  to  move.  By 
the  use  of  this  apparatus  the 
tendency    to   stiffness  of  the 
fingers  is  greatly  diminished. 

Fractures  of  the  Meta- 
CARPUS  A^fD  Fingers  are  of  so  simple  a  character  as  scarcely  to  call 
for  detailed  remarks.  There  is  only  one  accident  to  a  metacarpal 
bono  that  can  lead  to  any  difficulty  in  diagnosis.  This  is  the_  case  in 
which  the  neck  of  the  bone  is  broken  transversely,  so  that  the  head  is  carried 
forwards  with  the  finger,  and  thus  simulates  closely  a  dislocation  of  the 
fino-ers  towards  the  palmar  surface.  A  comparison  of  the  hne  of  the  bent 
knuckles,  together  with  crepitus  on  rotation,  will  determine  the  real  injury 
In  the  Treatment,  rest  of  the  part  upon  a  leather,  gutta-percha,  or  pasteboard 
splint  is  all  that  is  requisite.  In  compound  fracture  of  these  bones,  every 
effort  should  be  made  to  save  the  part  ;  if  removal  become  necessary,  it 
should  be  as  limited  in  extent  as  possible  (p.  98). 

Period  of  Union.— A  fracture  of  one  of  the  bones  of  the  hand  is  firmly 
united  by  the  end  of  the  third  week,  when  splints  will  no  longer  be  required. 

FBACTURES    OF    THE    PELVIS   AND    THE    LOWER  EXTREMITY. 

Fractures  op  the  Pelvis.— The  pelvic  bones  can  be  broken  only  by 
o-reat  and  direct  violence.  The  complete  circle  which  they  form,  their  sohdity, 
and  the  strength  of  their  synchondroses,  enable  them  to  resist  all  indirect 
causes  of  fracture.  In  civil  life  these  bones  are  usuahy  broken  by  crushes  of 
the  body,  as  between  a  cart  and  a  wall,  by  falls  of  rock  in  mining  accidents,  or 
by  the  crushing  force  of  railway  colUsions.  ,    ^  ,       ,  a 

When  broken,  the  pelvis  usually  gives  way  at  the  rami  of  the  pubes  and 
ischium  in  front,  and  across  the  ihum,  at  or  near  the  sacro-iliac  synchonch-oses 
behind,  usually  on  the  side  opposite  to  that  of  the  fracture  m  front,  ihe 
pubes  may  be,  but  rarely  is,  broken  across  its  body,  and  the  symphysis  is 
seldom  torn  through.  When  one  side  of  the  pelvis  is  thus  broken  away  from 
the  rest  of  the  bone,  it  and  the  attached  lower  extremity  are  necessarily 
connected  with  the  rest  of  the  body  only  by  the  soft  parts  that  unite  the  pelvis 
to  the  spinal  column  and  trunk.  _  These  are  consequently  liable  to  severe 
stretching,  laceration,  and  other  injury.  i   i  t 

lu  some  cases,  portions  of  the  crest  of  the  ilium  only  are  detached.  In 
others  the  rami  in  front  may  be  broken  without  corresponding  posterior 
fracture.  Such  injuries  can,  however,  arise  only  from  gun-shot  wounds  or 
similar  forms  of  direct  violence.  When  the  fracture  results  from  a  crush, 
double  fracture,  back  and  front,  must  necessarily  occur. 


6o8 


SPECIAL  FRACTURES. 


The  only  clanger  in  simple  fracture  of  the  pelvis  arises  from  the  con- 
comitant injmy  to  the  important  soft  parts  contained  within  its  cavity. 
Muscles,  nerves,  and  blood-vessels  may  be  stretched  or  torn.  The  bladder 
may  be  wounded  by  a  spiculum  of  bone  from  the  pubes  or  ischium  ;  or  the 
urethra  may  be  torn,  perhaps  completely  across,  from  the  same  cause.  When 
the  urethra  is  torn,  a  slight  oozing  of  blood  will  usually  be  observed  at  its 
orifice,  with  possibly  much  deep  ecchymosis  of  the  perinasum. 

The  nature  of  the  injury  is  usually  apparent  from  the  great  degree  of  direct 
violence  that  has  been  inflicted  upon  the  part ;  from  the  pain  that  the  patient 
experiences  in  moving  or  in  coughing ;  from  the  inability  to  stand,  in 
consequence  of  a  feeling  as  if  the  body  were  falling  to  pieces  when  he  attempts 


Fig.  222.— Fracture  of  the  Pelvis  througli  Rami  iu  front,  ami  Sacro-iliae  syiichoudrosis  behind. 

to  do  so  ;  and  from  the  ready  mobility  of  the  part  and  crepitus  on  seizing  the 
brim  of  the  pelvis  on  each  side  and  moving  it  to  and  fro,  or  on  rotating  the 
thigh  of  the  affected  side.  In  examining  a  patient  with  suspected  fracture  of 
the  pelvis,  care  should,  however,  be  taken  not  to  push  the  investigation  too 
closely,  lest  injury  be  inflicted  by  the  movement  of  the  fragments.  In  those 
cases,  indeed,  in  which  the  fracture  does  not  extend  completely  across  the 
pelvis,  or  in  which  it  is  seated  in  the  deeper  parts  of  the  ischium,  an  exact 
diagnosis  may  be  very  difficult,  and  should  not  be  attempted. 

Treatment. — As  the  great  danger  in  fracture  of  the  pelvis  consists  in  the 
possibility  of  the  urethra  having  been  torn  or  the  bladder  wounded,  the  first 
thing  to  be  done  is  to  pass  a  gum  catheter.  If  the  urine  comes  clear,  it  may 
be  concluded  that  the  urinary  apparatus  has  not  been  injured,  and  the  catheter 
may  be  withdrawn.  If  it  is  bloody,  the  catheter  must  be  tied  in,  and  an 
india-rubber  tube  applied  by  which  the  urine  may  drain  away.  The  next 
thing  is  to  keep  the  part  perfectly  quiet,  so  as  to  bring  about  union.  With 
this  view,  a  padded  belt,  or  a  broad  flannel  roller,  should  be  tightly  applied 
round  the  pelvis,  the  patient  lying  on  a  hard  mattress.  The  knees  may  then 
be  tied  together,  and  a  leather  or  gutta-percha  splint  moulded  to  the  pelvis 
and  thighs,  so  as  to  prevent  all  displacement  of  the  fragments.  If  the  urethra 
have  been  lacerated,  however  completely  the  patient  may  recover  from  the 
fracture,  he  will  most  certainly  become  eventually  the  subject  of  the  most 
troublesome  and  intractable  form  of  urethral  stricture — the  traumatic. 

Period  of  Union. — Bony  union  usually  takes  place  in  the  pelvis  about  the 
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end  of  the  sixth  week.  The  patient  must,  therefore,  be  kept  on  his  back  with 
absohite  immobihty  and  fixtiy  of  the  lower  Umbs  for  at  least  seven  or  eight 
weeks  He  may  then,  wearing  a  padded  belt,  move  about  on  crutches.  How- 
ever o-ood  the  union  may  be,  lameness  is  apt  to  result  from  the  injury  inflicted, 
on  the  psoas  and  iliacus  muscles,  and  those  that  closely  bind  the  thigh  to  the 
pelvis,  such  as  the  pectineus,  the  obturators,  &c. 

Fracture  of  the  Acetabulum  is  an  accident  that  can  occur  only  as  the 
result  of  very  great  violence  directly  applied  to  the  hip.  It  may  take  place  in 
two  situations  ;  either  through  the  floor  of  the  cavity,  or  only  through  the 
rim  a  portion  of  which  is  detached.  It  is  probably  occasioned  in  most 
instances  by  the  head  of  the  thigh-bone  being  driven  forcibly  against  the 
surface  of  the  acetabulum.  Hence,  when  the  rim  is  broken,  it  is  usually  the 
posterior  part  that  is  detached,  and  the  head  of  the  femur  slips  out  upon  the 

dorsum  ilii.  .  t    i.  i  -j-i 

Fracture  through  the  floor  of  the  acetabulum  is  usually  complicated  with 
such  extensive  comminution  of  the  pelvic  bones  and  serious  internal  injury,  as 
to  be  soon  foUowed  by  death.  In  the  University  College  Museum  is  a  prepara- 
tion of  a  fracture  of  the  acetabulum,  with  comminution  of  its  floor  and  of  the 
ilium.  Sanson  and  Sir  A.  Cooper  have  seen  the  bone  resolved  into  its  three 
primitive  parts ;  and  in  some  cases  the  comminution  has  been  so  great  that 
the  head  of  the  femur  has  been  thrust  into  the  pelvic  cavity.  In  such 
extensive  and  grave  injuries  as  these,  the  Surgeon  can  do  little  more  than 
support  the  pelvis  with  a  padded  belt,  and  place  the  limb  on  a  long  splint. 

When  a  portion  of  the  rim  of  the  acetabulum  is  detached,  as  the  result  of 
direct  violence,  the  head  of  the  femur  will  shp  out  upon  the  dorsum  ilii,  and 
the  signs  of  one  of  the  forms  of  dorsal  dislocation  will  manifest  themselves. 
In  a  case  of  this  kind  in  a  muscular  man  aged  about  thirty,  which  was  under 
my  care  at  the  Hospital,  the  shortening  and  inversion  of  the  limb  and  dis- 
placement of  the  head  of  the  bone  towards  the  sciatic  notch,  were  aU  well 
marked.  Traction  readily  efi'ected  reduction,  with  distinct  crepitus ;  but,  as 
soon  as  extension  was  discontinued,  the  head  of  the  bone  slipped  back  into  its 
former  position. 

The  Treatment  consists  in  the  appUcation  of  the  long  splint  with  a  broad 
padded  belt,  so  as  to  secure  steadiness  of  the  head  of  the  bone.  But  with 
every  care  a  return  of  displacement  wfll  readily  take  place,  and  an  unsatis- 
factory result  can  scarcely  be  avoided ;  shortening  of  the  limb,  and  consequent 
lameness,  being  almost  inevitable. 

Fractures  of  the  Sacrum  are  excessively  rare,  except  as  the  result  of 
gun-shot  injury.  When  occuiTing  from  other  causes,  such  as  falls,  they  are 
almost  invariably  associated  with  fracture  of  the  pelvic  bones,  and  then  they 
have  always  been  fatal.  The  records  of  surgery  contain  but  very  few  obser- 
vations, probably  not  more  than  six  or  eight,  of  uncomplicated  fracture  of  the 
sacrum  arising  from  other  causes  than  gun-shot.  I  have  had  two  cases  of 
fracture  of  the  sacrum  under  my  care,  both  of  which  had  a  rapidly  fatal 
issue.  In  one  there  was  also  fracture  through  the  pubic  bone  ;  m  the  other, 
the  sacrum  was  the  only  bone  injured.  In  that  case,  the  fracture  was  the 
result  of  a  blow  on  the  lower  part  of  the  back  from  the  bufter  of  a  railway 
carriage.  The  preparation  is  in  the  University  College  Museum.  The  only 
other  preparation  with  which  I  am  acquainted,  is  one  in  the  Museum  of  the 
College  of  Surgeons.    These  fractures  are  almost  invariably  transverse,  with 
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displacement  forwards  of  the  upper  margin  of  tlie  lower  fragment.  This  was 
the  case  in  both  the  instances  under  my  care  ;  but  Richeraud  has  published  a 
case  in  which  the  bone  was  split  vertically  in  consequence  of  a  fall  on  the 
face  ;  and  crucial  and  multiple  fractures  of  it  have  been  described  by  others. 
The  injury  can  nccessai-ily  arise  only  from  direct  violence  of  a  severe  character, 
and  is  attended  by  much  extravasation  and  pain,  together  with  neuralgia 
along  the  course  of  the  posterior  sacral  nerves,  which  may  be  implicated  in  or 
irritated  by  the  fracture.  Tlie  Treaimeni  is  the  same  as  for  fractured  pelvis, 
and  consists  in  the  application  of  a  padded  jielvic  band. 

The  Cocc-yx,  though  more  exposed,  is  seldom  broken.  But  fractm-e  of  it 
may  occur  from  falls  backwards,  or  from  direct  blows  on  the  part,  the  tip 
being  bent  forcibly  forwards,  and  the  elements  of  the  bone  separated.  The 
displacement  forwards  is  maintained  by  the  action  of  the  coccygei.  The  pain 
in  these  cases  is  excessively  severe,  owing  to  the  bruising  of  the  ligamentous 
and  tendinous  expansions  that  cover  the  bone.  It  is  greatly  increased  in 
sitting  and  walking,  and  in  defsecation,  or  in  any  violent  expiratory  effort,  as 
sneezing  or  coughing.  It  is  sometimes  removed  on  reducing  the  fractured 
and  displaced  fragments  by  pressure  through  the  rectum,  but  it  may  continue 
for  months  or  years  accompanied  by  the  most  severe  pain  in  the  part,  aggra- 
vated by  sitting  or  any  forcible  exertion.  South  relates  the  case  of  a  gentleman 
who  broke  his  coccyx  by  sitting  on  the  edge  of  a  snulf-box,  and  who  suffered 
such,  severe  pain  that  he  was  obliged  to  wear  a  pad  on  the  tuberosity  of 
each  ischium,  in  order  that  the  coccyx  might  be  free  from  pressure  when 
he  sat. 

Under  the  term  Coccydynia,  Sir  J.  Y.  Simpson  has  described  a  painful 
affection  of  the  coccyx  and  its  neighbouring  structures,  which  occui-s  chiefly  in 
women,  commonly  as  the  result  of  injury,  and  is  often  very  severe  and  per- 
sistent, so  as  to  prevent  the  patient  from  sitting,  or  even  walking  with  comfort. 
The  pain  closely  resembles  that  occasioned  by  fissure  or  ulcer  of  the  anus  and 
rectum.  It  usually  arises  from  a  blow  on  the  part,  appears  sometimes  to 
originate  independently  of  external  violence,  and  is  then  possibly  due  to 
retroversion  of  the  uterus. 

In  some  cases  the  coccyx  may  be  in  its  normal  position,  but  in  others  the 
whole  bone  is  found  to  have  been  displaced,  and  to  be  projecting  forwards 
almost  at  right  angles  to  the  sacrum.  It  can  be  felt  from  the  rectum,  causing 
a  projection  into  the  bowel.  It  is  maintained  in  its  abnormal  position  chiefly 
by  the  action  of  the  coccygei.  This  condition  is  in  fact  rather  a  dislocation 
than  a  fracture.  The  bone  can  easily  be  forced  into  its  nonnal  position  with 
the  finger  from  within  the  rectum,  but  the  displacement  returns  immediately 
the  pressure  is  removed. 

The  Treatment  recommended  by  Sir  J.  Y.  Simpson  consists  in  the  free 
subcutaneous  division,  by  means  of  a  tenotome,  of  the  muscular  and  tendinous 
structures  connected  with  the  coccyx.  The  section  is  made  first  on  one  side, 
then  on  the  other,  and  finally  around  the  tip,  so  as  completely  to  isolate  the 
bone.  I  have  often  performed  this  operation,  and  have  as  often  as  not  been 
disappointed  in  the  results.  When  it  succeeds  the  good  effects  are  immediate. 
When  it  fails  the  bone  may  be  removed  by  a  longitudinal  incision  over  its 
middle,  exposing  its  posterior  surface.  This  operation  is  free  from  danger, 
and  may  give  relief,  but  is  not  certain  in  its  results. 

Fractures  of  the  Thigh-Bone  may  occur  in  the  Upper  Articular  End 
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of  the  bone,  in  its  Shaft,  or  in  its  Lower  End.  In  these  different  situations, 
every  possible  variety  of  fracture  is  met  with. 

1.  Fractures  of  the  Pelvic  End  of  the  Bone  may  be  divided  into  those 
that  occur  through  the  Neck  Within  the  Capsule  of  the  joint,  those  that  occur 
Outside  the  Capsule,  and  those  that  implicate  the  Trochanters  alone. 

Intracapsular  Fracture  of  the  Neck  of  the  Thigh-bone  may  be  either 
simple,  the  bone  being  merely  broken  across  ;  or  impacted,  the  lower  portion 
of  bone  being-  driven  into  the  upper  fragment. 

This  intracapsular  fracture  may  almost  be  looked  upon  as  an  injury  pecuhar 
to  advanced  life,  being  but  seldom  met  with  in  persons  under  fifty.  Thus  Sir  A . 
Cooper  states  that,  of  251  cases  with  which  he  met  in  the  course  of  his 
practice,  only  two  were  in  persons  below  this  age.  It  may,  however,  happen 
at  an  early  period  of  life  ;  Stanley  has  recorded  the  case  of  a  lad  of  eighteen, 
who  met  with  this  injury,  and  Hamilton  has  described  it  as  occurring  m  a  gu'l 


aged  sixteen  and  in  a  man  aged  twenty -five.  A  remarkable  circumstance  in 
connection  with  this  accident  is,  that  it  commonly  happens  from  very  slight 
degrees  of  violence,  indeed  almost  spontaneously.  Thus,  the  jarrmg  of  the 
foot  in  missing  a  step  in  going  downstairs,  catching  the  toes  under  the  carpet, 
tripping  upon  a  stone,  or  entangling  the  foot  in  turnmg  in  bed,  are  sometimes 
sufficient  to  occasion  it.  '  j  •     i  i. 

Cause.— The  occurrence  of  this  fracture  in  old  age  is  owing  indirectly  to  the 
changes  in  structure,  shape,  and  position  of  the  head  and  neck  of  the  femur 
with  advancing  years.  The  cancellous  structure  of,  these  parts  becomes  ex- 
panded, the  spaces  large  and  loaded  with  soft  fiit.  The  compact  structure  becomes 
thinned,  and  proportionately  weakened,  especially  about  the  middle  and  under 
part  of  the  neck,  which,  appearing  to  yield  to  the  weight  of  the  body,  is  shortened ; 
and,  instead  of  being  oblique  in  its  direction,  becomes  inserted  nearly  at  a 
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right  ano-le  into  tlie  sliaft.  Tu  consequence  of  these  cbaii<fes  it  becomes 
less  able  to  bear  any  sudden  shock  by  which  the  Avei<rht  of  the  body  is  thrown 
upon  it,  and  snaps  under  the  influence  of  very  slight  degrees  of  violence. 
When  it  breaks,  the  capsule  may  remain  uninjured,  but  the  prolongation  of  it 
which  invests  the  neck  of  the  heme  is  usually  torn  through.  In  some  cases 
however,  this  cervical  reflection  is  not  ruptured,  the  lower  portion  especially 
often  remaining  for  some  length  of  time  untorn,  but  at  last  gi^'ing  Avay 
under  the  influence  of  the  movements  of  the  limb,  or  from  inflammatory 
softening.  As  the  violence  occasioning  the  fi-acture  is  generally  but  slight, 
and  as  the  vascularity  of  thit  portion  of  the  bone  is  trifling  in  old  people, 
there  is  but  little  extravasation  of  blood. 

The  fragments  are  almost  always  so  separated  that  the  fractured  surfaces 
are  not  in  apposition :  the  upper  end  of  the  lower  fragment  is  drawn  above 
and  behind  the  head  of  the  bone,  and  at  the  same  time  is  twisted  so  that  its 
broken  surface  looks  forwards.  The  head  remains  in  the  acetabulum,  attached 
by  the  hgamentum  teres,  and  sometimes  preserving  a  connection  with  the 
lower  fragment,  through  the  medium  of  some  untorn  portions  of  the  fibrous 
membrane  investing  the  neck.  E,.  W.  Smith  has  observed,  that  in  some 
instances  the  two  fi-agments  become  interlocked  or  as  it  were  dovetailed 
into  one  another,  in  consequence  of  the  line  of  fracture  being  irregular  and 
dentated. 

Signs. — These  are,  alteration  in  the  shape  of  the  hip,  crepitus,  pain  at  the 
seat  of  injury,  and  inability  to  move  the  limb,  with  shortening  and  eversion 
of  it.  These  we  must  consider  separately,  as  important  modifications  of  each 
are  sometimes  noticed.  From  the  indirect  natm-e  of  the  violence  which  caused 
the  injury  there  are  no  signs  of  superficial  bruising  over  the  hip. 

The  Alteration  in  the  Shape  of  the  Hip  is  evidenced  by  some  flattening 
of  the  part.  The  trochanter  is  not  so  jDrominent  as  usual,  and  is  approximated 
to  the  crest  of  the  ilium  ;  and,  on  rotating  the  limb,  it  is  felt  to  roll  under 
the  hand,  the  circle  described  by  it  on  the  injured  side  being  much  smaller 
than  that  on  the  sound  side.  In  the  sound  limb,  the  trochanter  describes  the 
segment  of  a  circle  having  a  radius  equal  to  the  length  of  the  head  and  neck 
of  the  bone  ;  on  the  injured  side,  the  circle  has  a  radius  equal  only  to  the 
length  of  that  portion  of  the  neck  that  still  remains  attached  to  the"  shaft  of 
the  bone.  During  this  examination  creintus  will  usually  be  felt,  though  this 
occasionally  is  very  indistinct  and  even  absent,  more  especially  if  the  limb  be 
not  well  drawn  down,  so  as  to  bring  the  fractured  surfaces  into  apposition  ; 
and  much  jjain  is  produced  by  any  movement  of,  or  pressure  upon,  the  joint. 

The  Attitude  of  the  Limh  is  so  peculiar,  as  in  general  to  indicate  at  once 
to  the  Surgeon  what  has  liappened.  There  is  a  striking  appearance  of  help- 
lessness about  it.  As  the  patient  is  lying  on  his  back  in  bed,  it  is  everted,  and 
somewhat  shortened,  with  the  knee  semi-flexed  ;  on  requesting  him  to  lift  it 
up,  he  makes  ineflPectual  attempts  to  do  so,  and  at  last  ends  by  raising  it  with 
the  toe  of  the  opposite  foot,  or  with  his  hands.  When  he  is  taken  out  of  bed 
and  placed  uijright,  the  injured  limb  hangs  uselessly,  with  the  toes  pointing 
downwards,  and  the  heel  raised  and  pointing  to  the  inner  ankle  of  the  sound 
side,  the  patient  being  unable  to  rest  upon  it  (Fig.  224).  In  some  cases,  how- 
ever, the  patient  can  lift  the  limb  somewhat,  but  with  much  exertion,  from 
the  couch  on  which  he  is  lying  ;  or  can  even  manage  to  walk  a  few  paces,  or 
to  stand  for  a  few  minutes  upon  it,  with  much  pain  and  difiiculty.    This  is 
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owing-  either  to  the  cervical  reflection  of  the  capsule  being  untorn,  or  else  to 
the  fragments  not  being  separated,  having  become  locked  into  one  another ; 
and  it  usually  occurs  in  those  cases  in  which  the  other  and  more  characteristic 
signs  of  this  fracture  are  not  well  marked. 

Eversion  of  the  limb  is  an  almost  invariable  accompaniment  of  this  fracture. 
It  is  most  marked  in  those  cases  in  which  the  shortening  is  most  considerable. 
This  eversion  has  usually  been  attributed  to  the  action  of  the  external  rotator 
muscles,  which  are  inserted  into  the  upper  end  of  the  lower  fragment.  But 
I  cannot  consider  this  as  the  only,  or  indeed  the  principal  cause  of  this  position ; 
for  not  only  is  it  very  diflacult  to  understand  how  these  muscles  can  rotate 
the  limb  outwards  after  their  centre  of  motion  has  been  destroyed  by  the 
fracture  of  the  neck  of  the  femur,  their  action  being  rather  in  a  direction 
backwards  than  rotatory  under  these  circumstances;  but  we  find  that  the 
hmb  falls  into  an  everted  position  in  those  cases  in  which,  the  fracture  being 
in  the  shaft,  and  altogether  below  the  insertions  of  these  muscles,  no  influence 
can  be  exercised  by  them  on  the  lower  fragment.    I  look  upon  eversion  m 
cases  of  fractured  thigh  as  being  simply  the  natural  attitude  into  which  the 
limb  falls  when  left  to  itself    Even  when  the  bone  is  unbroken,  eversion 
takes  place  spontaneously  whenever  muscular  action  is  relaxed,  as  during 
sleep,  in  paralysis,  or  in  the  dead  body  ;  and  in  the  injured  limb,  m  which 
there  is,  as  it  were,  a  suspension  of  muscular  action,  it  will  occui-  equally. 
Indeed, 'the  shortening  that  takes  place  will  speciafly  tend  to  relax  the 
external  rotators,  and  thus  still  more  prevent  their  influencing  the  position  of 

the  limb.  j.-  -u 

Inversion  of  the  foot  in  cases  of  intracapsular  fracture  has  sometimes  been 
noticed    I  have  seen  two  instances  :  Smith,  Stanley,  and  other  Surgeons,  have 
also  recorded  cases.    This  deviation  from  the  usual  symptoms  of  this  injury 
has  been  attributed  by  some  to  the  cervical  reflection  of  the  capsule  not  haymg 
been  torn  through  at  its  inner  side,  but  that,  as  Stanley  observes,  while  it 
may  prevent  eversion,  cannot  occasion  eversion  ;  by  others  to  the  fact  of  the 
lower  fragment  in  these  cases  beuig  found  always  in  front  of  the  upper  one. 
This  circumstance,  which  is  much  insisted  on  by  K.  W.  Smith,  appears  to  me 
to  be  rather  the  result  than  the  cause  of  the  eversion  :  for  any  traction  inwards 
of  the  lower  fragment  by  the  adductor  muscles  of  the  thigh  would  have  a 
tendency  to  draw  the  upper  end  of  this  fragment  to  the  anterior,  or  m  other 
words,  the  inner  side  of  the  upper  one.    I  am  rather  disposed  to  thmk  that 
this  inversion  is  owing,  in  some  cases  at  least,  to  the  external  rotators  being 
paralysed  by  the  violence  they  receive  from  the  injury  that  occasions  the 
fracture,  and  that  thus  the  adductors,  acting  without  antagonists,  draw  the 
thigh  and  with  it  the  leg  inwards.    In  both  instances  that  fell  under  my 
observation,  and  in  some  of  those  that  have  been  pubhshed,  the  ti-acture 
resulted  from  severe  direct  injury  to  the  hip,  and  was  not  occasioned  by  the 
patient  jarring  his  foot,  or  by  any  indirect  violence  operating  at  the  end  ot 

the  limb.  -1,1.       •  -u 

The  Shortening  is  at  first  seldom  more  than  from  half  an  inch  to  an  mch, 
depending  on  the  extent  of  the  separation  between  the  fragments  ;  it  cannot, 
indeed,  in  the  early  periods  of  the  fracture,  very  well  exceed  the  width  ot  the 
neck  of  the  bone,  as  the  capsule  is  usually  not  torn  through.  After  the  frac- 
ture has  existed  some  time,  the  capsule  of  the  joint  may  yield,  allowing  greater 
separation  between  the  fragments,  and  then  it  may  amount  to  two,  or  even 
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two  and  a  half  inches.  It  not  uncommonly  happens  that  the  shortening 
which  is  at  first  but  very  slight,  about  half  an  inch,  suddenly  increases  to  an 
inch  or  more  ;  this  is  accounted  for  on  the  supposition  of  the  cervical  reflection 
of  the  capsule,  which  had  not  been  at  first  completely  ruptured,  at  last 
giving  way  entirely  ;  or  it  may  be  owing  to  the  fragments  which  were 
originally  interlocked  becoming  separated.  It  is  in  those  cases  in  which 
there  is  but  slight  separation  of  the  fragments,  and  consequently  little 
shortening,  that  the  other  signs  of  fracture  are  not  very  strongly  marked, 
and  that  the  patient  preserves  some  power  over  the  movements  of  the  hmb. 

The  ordinary  method  of  measuring  the  limb  is  to  apply  one  end  of  the  tape 
to  the  anterior  superior  spinous  process  of  the  ilium,  and  the  other  to  the 
ianer  malleolus.  The  two  limbs  must  be  put  as  accurately  as  possible  in  the 
same  position,  as  flexion  and  extension  will  considerably  alter  the  distance 
between  these  points.  Two  other  methods  have  been  recommended  for  more 
accurately  determining  the  position  of  the  trochanter,  both  of  which  are  of 
great  diagnostic  value  in  injuries,  whether  fractures  or  dislocations,  of  the 
hip.  The  fii'st  is  known,  as  Nelaton's  line  ;  the  second,  as  Bryant's  ilio-femoral 
triangle. 

MTelaton's  Diagnostic  Line  (Fig.  225,  dark  line)  consists  of  a  line  drawn 
from  the  anterior  superior  spine  of  the  lUum  to  the  tuber  ischii.    If  the  tro- 


chanter be  at  its  proper  level,  this  line  ought  to  touch  its  upper  border  when 
the  limb  is  straight.  The  importance  of  this  line  is,  that  when  the  head  of 
the  femur  is  in  its  normal  situation,  it  touches  the  summit  of  the  trochanter 
in  every  degree  of  flexion  or  extension  of  the  limb.  If  the  trochanter  be  dis- 
placed in  any  direction,  a  corresponding  change  in  its  relation  to  this  line  will 
ensue.  This  mode  of  measurement  is,  however,  open  to  the  fallacy  that  abduc- 
tion raises  the  trochanter  above  the  line,  and  adduction  brings  it  below  it. 

Bryant's  Ilio-femoral  Triangle  (Fig.  225,  dotted  line)  is  formed  by 
placing  the  patient  in  the  recumbent  position  ;  then,  drawing  a  line  from 
the  anterior  superior  spine  of  the  ilium  directly  backwards,  another  line  also 
from  the  anterior  superior  spine  obliquely  to  the  summit  of  the  trochanter,  and 
a  third,  or  the  base-line,  directly  upwards  from  this  to  the  first  line ;  a  triangle 
will  thus  be  formed.  In  all  cases  in  which  the  neck  of  the  femur  is  shortened 
or  the  head  of  the  bone  displaced  upwards,  as  in  some  dislocations,  the  base 
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line  will  be  found  in  measurement  to  be  shorter  than  that  on  the  sound  side. 
In  this  method  of  measuring  there  is  the  same  fallacy  as  m  Nelaton  s-that 
abduction  and  adduction  of  a  healthy  limb  would  alter  the  length  of  the 

^""Another  method  of  measurement  has  been  recommended  by  Giraud-Teulon 
which  althouo-h  somewhat  complicated,  appears  to  be  free  from  all  source  of 
Lor   It  is  founded  upon  the  fact  that  the  middle  of  Nelaton's  line  corresponds 
to  the  centre  of  the  acetabulum.    Any  shortening  of  the  femur  by  fracture  or 
any  dislocation,  wiU  necessarily  alter  the  distance  between  the  lower  end  of  the 
femur  and  this  point.  The  measurement  is  thus  carried  out._  Find  the  distance 
from  the  anterior  superior  spinous  process  to  the  tuberosity  of  the  ischium, 
and  from  the  same  point  to  the  inner  condyle,  and  from  the  tuberosity  to  the 
inner  condyle.    Then  draw  a  triangle  on  a  sheet  of  paper  the  three  sides  of 
which  are  equal  to  these  three  measurements ;  find  the  middle  point  of  the  Ime 
corresponding  to  the  measurement  between  the  tuberosity  and  the  spine,  and 
from  that  draw  a  line  to  the  apex  of  the  triangle.    This  hue  corresponds  to 
the  distance  of  the  inner  condyle  from  the  centre  of  the  acetabulum,  and  must 
he  contrasted  with  a  similar  line  obtained  by  measurement  of  the  sound  side. 
This  mode  of  measurement  is  most  useful  in  cases  of  dislocation  and  disease  m 
which  abduction  or  adduction  with  flexion  are  often  met  with. 

Whatever  mode  of  measurement  is  adopted,  the  Surgeon  must  never  neglect 
to  examine  and  compare  the  two  sides  carefully  and  shnultaneously,  with  one 

hand  on  each  hip.  ,     ,      i   .  -a-       i.  fi^.^f 

The  Constitutional  Disturbance  in  old  people,  though  trifling  at  hist, 
often  eventually  becomes  considerable  ;  and  the  injuiy  ft-equently  terminates 
fatally,  from  the  supervention  of  hypostatic  pneumoma,  an  asthenic  state  ot 
system,  or  sloughing  of  the  nates  fi'om  confinement  to  bed.  Hence  this  injury 
must  always  be  considered  as  dangerous.  '  _ 

Mode  of  Union.— The  treatment  of  these  fractures  turns  m  great  measure 
upon  the  view  that  is  taken  of  their  mode  of  union,  and  on  the  constitutional 
condition  of  the  patient.  In  some  cases  no  union  occurs,  but  the  head  ot  the 
bone  remains  in  the  acetabulum,  being  hollowed  into  a  smooth,  hard,  cup-, 
shaped  cavity,  in  which  the  neck,  which  has  become  rounded  off  and  polished, 
is  received,  and  plays  as  in  a  socket.  In  the  great  majority  of  cases,  however 
union  takes  place  by  fibrous  tissue.  This  is  owing  to  two  causes  ;  in  the  nrst 
place,  to  the  circumstance  (which  I  look  upon  as  the  most  important)  that  the 
fractured  surfaces  are  not  in  apposition;  and  secondly,  to  the  tact  tJiat  tne 
vascular  supply  sent  to  the  head  of  the  bone,  consisting  only  of  the  blood  tnat 
finds  its  way  through  the  vessels  of  the  hgamentum  teres,  is  msutticient  tor 
the  proper  production  of  callus.  . 

In  some  cases,  however,  bony  union  does  take  place.  This  can  happen  only 
when,  in  consequence  of  the  cervical  ligament  being  untorn,  or  the  tracture 
being  impacted,  the  surfaces  are  kept  in  apposition,  and  the  supply  ot  blood  to 
the  head  of  the  bone  is  speedily  augmented  by  that  carried  to  it  through  the 
medium  of  the  vascular  tissue  formed  between  the  fragments  m  the  process  ot 
repair.  Under  no  other  circumstances  is  it  likely  that  osseous  union  takes  place 
in  these  fractures  :  hence  the  infrequency  of  its  occurrence,  there  being  in  all 
probability  not  more  than  eighteen  or  twenty  cases  on  record  as  having  thus 
terminated  in  this  country.  When  bony  union  does  take  place,  the  head  ot 
the  femur  will  usually  be  found  to  be  somewhat  twisted  round  m  such  a  way 
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that  it  looks  towards  the  lesser  troclianter,  owing  to  the  eversiou  that  has 
taken  place  in  the  lower  fragment. 

Treatment.— As  these  fractures  do  not  unite  by  bone  unless  the  fragments 
be  in  good  contact,  it  is  useless  to  confine  the  patient  to  bed  for  any  long 
period,  if  the  signs,  especially  the  amount  of  sJwrieninrj,  indicate  considerable 
separation  between  the  fragments,  or  if  the  patient  be  very  aged  and  feeble. 
In  these  circumstances,  lengthened  confinement  to  bed  most  commonly  proves 
fatal  by  the  depressing  influence  which  it  exercises  on  the  generaf  health, 
causing  hypostatic  pneumonia  or  inducing  bed-sores.  It  is  therefore  best  to 
keep  the  patient  in  bed  only  for  two  or  three  weeks,  until  the  limb  has  become 
somewhat  less  painful,  and  the  tendency  to  muscular  spasms,  which  is  often 
very  distressing,  has  passed  away.  The  patient  should  be  laid  flat  on  his 
back,  on  a  fracture-bed  or  a  suitable  couch  properly  provided  with  a  pan  for 
the  reception  of  the  excreta.  This  is  most  important,  for  if  the  urine  and 
feces  be  passed  under  the  patient  so  as  to  wet  the  buttocks,  bed-sores  will 
infallibly  result.  In  fact  the  utmost  attention  to  dryness  and  cleanUness 
is  needed  in  order  to  prevent  them.  The  knees  should  be  bent  at  an  angle  of 
45°  over  pillows  and  the  legs  tied  together.  At  the  end  of  from  two  to°four 
weeks  a  leather  splint  should  be  fitted  to  the  hip,  and  the  patient  should  be 
allowed  to  get  up  upon  crutches.  There  will  be  lameness  dm-ing  the  remainder 
of  life  ;  but,  with  the  aid  of  a  stick  and  a  properly  adjusted  sphnt,  but  little 
inconvenience  will  be  suffered. 

A  most  excellent  mode  of  treatment  is  the  application  of  a  properly  fitted 
and  well  padded  Thomas's  hip-splint.  (See  Diseases  of  the  Hip,  Vol.  II.) 
Until  the  splint  is  ready  the  patient  must  be  kept  in  bed,  either  with  the  legs 
beni;,  as  before  described,  or  with  a  weight-extension  apparatus  (Fig.  233)  to 
diminish  shortening,  and  sand-bags  to  steady  the  limb  and  prevent  eversion. 
As  soon  as  the  splint  is  applied,  if  the  patient  be  old  and  feeble,  he  may  be 
got  out  of  bed,  and,  if  possible,  may  move  about  on  crutches.  If  there  is  no 
fear  of  hypostatic  congestion  of  the  lungs  he  is  better  in  bed  for  a  fortnight 
or  three  weeks. 

.    When  the  fragments  do  not  appear  to  be  much  separated,  there  being  but 
little  shortening  and  indistinct  crepitus,  and  more  particularly  if  the  patient  be 
not  very  aged,  and  in  other  respects  sound  and  well,  an  attempt  may  be  made 
to  procure  osseous  or  at  least  close  ligamentous  union.    This  is  most  likely  to 
be  obtained  by  the  use  of  Thomas's  hip-splint,  with  prolonged  rest  in  bed,  but 
should  this  apparatus  not  be  obtainable  the  long  thigh-splint  may  be  applied 
in  the  same  way  as  for  fracture  of  the  shaft ;  or  if  this  cannot  very  readily  be 
borne,  recourse  should  be  had  to  the  double  inclined  plane,  with  a  padded  belt 
strapped  round  the  hips,  the  patient  being  kept  in  bed  for  at  least  two  or 
three  months,  when  a  leather  splint  may  be  put  on,  and  he  may  move  about 
on  crutches.    During  the  whole  of  the  treatment,  a  generous  diet  should  be 
ordered,  and  the  patient  kept  on  a  water-bed  or  cushion.    In  these  fractures 
of  the  neck  of  the  femur,  the  starched  bandage  will  often  be  found  most 
useful.    It  may  be  applied  as  in  fractured  thigh,  but  should  have  additional 
strength  in  the  spica  part.    When  the  patient  begins  to  move  about,  great 
comfort  will  be  derived  from  the  use  of  a  well-padded  leather  or  gutta-percha 
case,  made  in  two  pieces,  one  for  the  hip,  the  other  for  the  thigh,  united  by  a 
hinge-joint,  which  can  be  set  fast  in  the  erect  posture  by  dropping  a  slot  over 
it.    When  this  is  raised  it  can  be  flexed,  so  as  to  allow  of  the  patient  sitting 
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in  comfort.  In  old  people,  this  plan  of  treatment  is  especially  advantageous, 
as  it  enables  them  to  sit  up  or  even  to  walk  about,  and  thus  prevents  all  the 
ill  effects  of  long  confinement  in  bed. 

Impacted  Intracapsular  Fracture  is  a  rare  accident,  and  can  scarcely  be 
distinguished  from  a  similar  injury  outside  the  capsule.  In  it  the  upper  end  of 
the  nedv  is  driven  into  the  cancellous  tissue  of  the  separated  head.  In  a  case 
under  the  care  of  Gay,  of  the  Massachusetts  General  Hospital,  which  is  recorded 
by  Bigelow,  the  nature  of  the  injury  was  proved  by  post-mortem  examination, 
deathliaving  occurred  from  pneumonia  at  the  end  of  two  weeks.  The  follow- 
ing were  the  symptoms.  The  patient,  aged  76,  fell,  striking  the  right  trochanter. 
He  thought  he  had  received  only  a  bruise,  and  crawled  upstairs  to  bed  unaided. 
Two  days  after,  when  admitted^o  the  hospital,  the  right  leg  was  found  to  be 
shortened  by  half  an  inch  ;  the  foot  was  everted,  and  could  not  be  inverted 
beyond  the  perpendicular  ;  the  thigh  could  be  flexed  and  extended  without 
difficulty,  but  with  pain  ;  the  trochanter  was  less  prominent  than  that  of  the 
other  side.  Before  he  died  he  could  raise  his  foot  some  inches  from  the  bed 
without  assistance.  After  death  the  head  was  found  to  be  "  broken  from  the 
articular  extremity  of  the  neck,  which  was  short  and  thick,  the  fracture  behind 
being  almost  at  the  line  of  junction  of  the  articular  cartilage  and  the  bone, 
while  in  front  it  ran  irregularly  across  the  neck  from  a  quarter  to  half  an  inch 
below  this  line.  The  head  was  bent  -obliquely  backwards  and  downwards 
towards  the  lesser  trochanter— the  tilting  of  the  head  opening  the  fracture  on 
the  outside  of  the  neck— and  was  so  firmly  impacted  that  considerable  force 
was  required  to  withdraw  it."  Bigelow  also  records  a  case  under  the  care  of 
Gushing,  of  Dorchester,  U.S.A.,  in  which  the  exact  nature  of  the  impacted 
fracture  was  proved  by  examination  after  death,  which  occurred  nearly  five 
years  after  the  accident.  The  patient  was  seventy  years  of  age.  The  fracture 
closely  resembled  that  just  described,  and  union  had  taken  place  by  bone.  It 
is  evident  that  these  cases  cannot  be  distinguished  dm-ing  life  from  impacted 
fractures  of  any  other  part  of  the  neck.  The  treat- 
ment is  the  same  as  that  of  extracapsular  impacted 
fracture. 

Extracapsular  Fracture  of  the  Neck  of  the 
Thigh-Bone  commonly  occurs  at  an  earlier  age  than 
the  injury  which  has  just  been  described,  but  it  is 
met  with  also  at  advanced  periods  of  life.  It  is  the 
result  of  direct  violence  to  the  hip,  and  is  equally  com- 
mon in  both  sexes.  In  young  subjects  it  occurs  only 
.as  a  consequence  of  great  violence,  but  in  old  people 
it  may  result  from  a  simple  fall  on  the  hip. 

This  fracture  may  be  of  two  kinds  ;  the  unimpaded, 
or  the  impacted.     In  both  cases  the  neck  of  the  j?i>'.  22(5. —simple  sxtrasnpsu- 
bone  is  commonly  broken  at,  or  immediately  outside,     |,;^'^,;:g;!B°L':'  Ituct 
the  insertion  of  the  capsule  of  the  joint.    The  fracture     mcut  of  the  Trochanter, 
is  almost  invariably  comminuted  when  it  occurs  in 

a  young  subject  or  as  the  result  of  great  violence.  Indeed,  I  have  never  seen 
a  case  of  this  kind  in  which  the  great  trochanter  was  not  either  detached  or 
splintered  into  several  fragments.  In  many  instances  the  lesser  trochanter  is 
detached,  and  the  upper  end  of  the  shaft  injured  (Fig.  22G).  This  splintering 
of  the  trochanter  is  due  to  the  same  violence  that  breaks  the  bone  forcing 
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the  lower  end  of  the  neck  into  the  cancellous  structure  of  this  process,  and 
thus,  by  a  wedge-like  action,  breaking  it  into  fragments.  When  the  neck 
continues  locked  in  betAveen  these,  we  have  the  impacted  form  of  fracture. 
In  older  subjects,  however,  whose  bones  are  atrophied  and  softened  by  agej 
It  18  common  to  meet  with  extracapsular  impacted  fractures  without  any 
splintering  of  the  trochanter. 

The  Signs  of  extracapsular  fracture  vary  according  as  it  is  simple  or 
impacted  ;  but  in  both  cases  they  partake  of  the  general  character  of  those  of 
fracture  within  the  capsule.  The  individual  signs,  however,  present  certain 
well-marked  differences. 

The  hip  will  usually  be  found  hruised  and  sivolUn  from  extravasation  of 
blood,  often  considerably  so. 

In  the  unimpacted  fracture,  the  crejntus  is  readily  felt  on  laying  the 
hand  upon  the  trochanter,  and  moving  the  limb.  The  separate  fragments 
into  which  the  trochanter  is  splintered  may  occasionally  be  felt  to  be  loose. 
The^am  is  very  severe,  and  greatly  increased  by  any  attempt  at  moving  the 
joint,  which  to  the  patient  is  impossible.  The  eversion  is  usually  strongly 
marked,  and  the  position  of  the  limb  is  characteristic  of  complete  want  of 
power  in  it.  Inversion  occurs  more  frequently  in  this  fracture  than  in  that 
within  the  capsule.  Smith  found  that  of  7  cases  of  inversion  of  the  limb  in 
fractures  of  the  neck  of  the  femur,  5  occurred  in  the  extracapsular  ft-acture  ; 
and  in  15  cases  of  intracapsular  fracture,  this  condition  was  met  with  in  3. 
When  there  is  much  comminution  of  the  trochanter,  the  foot  will  sometimes 
remain  in  any  position  in  which  it  is  placed,  but  generally  it  has  a  tendency 
to  rotate  outwards.  The  shorteni7ig  of  the  limb  is  never  less  than  an  inch 
and  a  quarter,  and  sometimes  amounts  to  two  inches  and  a  half,  or  three 
inches. 

In  the  extracapsular  fracture  of  the  neck  of  the  femur,  death  occasionally 
results  from  the  severity  of  the  injury,  and  the  consequent  shock  to  the 
system.  The  extravasation  of  blood  into  the  tissues  of  the  limb  has  been 
known  to  be  sufficient  to  account  for  the  fatal  result.  When  the  patient 
lives,  bony  union  takes  place,  large  irregular  stalactitic  masses  being  commonly 
thrown  out  by  the  inferior  fragment,  so  as  to  overlap  the  several  splinters  of 
bone  and  thus  give  the  appearance  of  great  thickening  and  projection  of  the 
trochanter.  This  callus  is  most  abundant  posteriorly  in  the  intertrochanteric 
space  (Fig.  230). 

The  Impacted  Extracapsular  Fracture  of  the  neck  of  the  thigh-bone 
occurs  when,  in  consequence  of  a  heavy  fall  on  the  hip,  the  neck  is  broken 
across  at  its  root,  and  the  upper  fragment  is  driven  into  the  cancellous 
structure  of  the  lower  one,  often  splitting  up  and  detaching  the  trochanter 
(Figs.  227,  228).  It  is  not  an  uncommon  accident  about  middle  life,  and 
even  in  old  age.  Its  most  common  cause  is  a  severe  fall,  as  upon  the  ice  in 
skating. 

The  Signs  of  this  form  of  fracture  are  often  somewhat  negative,  rendering 
the  diagnosis  extremely  difficult.  There  is^;«m  about  the  hip,  with  eversion  of 
the  foot.  The  degree  of  eversion  varies  considerably  ;  sometimes  it  is  so  great 
that  the  outer  side  of  the  foot  can  scarcely  be  raised  from  the  bed  without 
giving  the  patient  intense  pain,  and  in  other  cases  it  can  be  recognized  only  by 
the  limitation  of  inversion  when  contrasted  with  the  opposite  limb.  There  is 
slight  shortening,  usually  about  half  an  inch,  and  never  exceeding  one  inch, 
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and  occasionally  as  little  as  a  quarter  of  an  incb.  As  a  rule,  there  is  no 
crepitus,  but  occasionally,  owing  to  the  looseness  of  the  impaction,  some  may 
be  obtained  with  difficulty.  When  the  impaction  is  firm,  the  patient  can  raise 
the  foot  a  few  inches  off  the  couch  on  which  it  is  laid,  and  even  Avalk  a  short 
distance  upon  it  with  a  hobbling  motion,  though  with  much  pain.  Some 
flattening  over  the  trochanter  is  usually  perceptible  ;  sometimes  an  mcrease  in 
breadth  from  before  backwards ;  and,  on  pushing  the  fingers  in  deeply  behind 
the  trochanter,  the  posterior  intertrochanteric  fossa  can  sometimes  be  felt  to  be 


Fifs  n~  228.— Sections  of  Impacted  Extracapsular  Fractures  of  Neck  of  Femur;  showing 
the  degree  of  Impaction  and  of  Splintering  iu  different  cases. 

filled  up.  In  consequence  of  the  impaction  the  limb  cannot  be  restored  by 
traction  to  its  proper  length,  and  hence  incurable  lameness  always  results  from 
this  injury. 

Pathology.— The  deformity  accompanying  this  injury  has  been  shown  by 
Bigelow  to  be  due  in  great  measure  to  the  anatomical  structure  of  the  femur. 
If  a  series  of  horizontal  sections  be  made  of  the  neck  of  the  bone,  "it  will  be 
found  that  at  the  upper  part  the  anterior  and  posterior  walls  are  of  nearly 
equal  thickness,  but  that  as  we  approach  the  lower  surface,  the  anterior  wall 
becomes  of  great  thickness  and  strength,  while  the  posterior  wall  remains  thin, 
especially  at  its  insertion  beneath  the  posterior  intertrochanteric  ridge,  where 
it  is  of  the  thinness  of  paper."  The  result  of  this  is,  that  when  severe  direct 
violence  is  applied  to  the  trochanter  the  posterior  wall  yields,  crushes  up,  and 
becomes  impacted,  while  the  anterior  "  serves  as  a  sort  of  hinge  upon  which 
the  shaft  rotates  to  allow  the  posterior  impaction."  This  causes  the  rotation 
outwards.  The  shortening  Bigelow  explains  by  obhquity  of  the  neck  of  the 
femur,  which  causes  the  limb  to  be  shortened  in  proportion  to  the  rotation. 
That  this  is  the  true  explanation  of  the  deformity  in  all  the  slighter  cases  of 
this  injury  is  highly  probable.  In  the  more  severe  crushes  of  the  trochanter, 
the  anterior  wall  of  the  neck  as  well  as  the  posterior  may  be  driven  amongst 
the  splintered  fragments. 

The  Treatment  of  the  extracapsular  fracture  may  very  conveniently  and 
efficiently  be  conducted  by  means  of  the  long  splint,  a  padded  belt,  if  necessary, 
being  strapped  firmly  round  the  hips  underneath  it ;  or  the  plan  recommended 
by  Sir  A.  Cooper,  of  placing  the  patient  on  a  double  inclined  plane,  with  both 
feet  and  ankles  tied  together,  and  a  broad  belt,  well-padded,  firmly  strapped 
round  the  body,  so  as  to  press  the  fragments  of  the  trochanter  firmly  against 
one  another,  will  be  found  an  excellent  mode  of  keeping  the  limb  of  a  proper 
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length  and  the  fragments  in  contact.  In  many  cases  a  Tliomas's  hip-spliut 
apphed  as  soon  as  the  swening  has  subsided,  will  be  found  a  most  efficient 
and  comfortable  apparatus.  In  impacted  extracapsular  fracture  nothing  can 
be  done  to  diminish  the  deformity.  Solid  bony  union  always  takes  place,  even 
m  aged  subjects.  The  patient  remains  throughout  life  more  or  less  crippled, 
chiefly  by  the  evcrsion,  the  amount  of  shortening  being  of  little  consequence. ' 

In  these  cases  a  Thomas's  hip-splint  may  be  used  from  the  first  ;  or  after 
three  weeks'  rest  in  bed  a  leather  spHnt  may  be  applied,  and  the  patient 
allowed  to  move  about  on  crutches. 

The  Diagnosis  of  the  diflFerent  forms  of  fracture  of  the  neck  of  the  thigh- 
bone from  one  another,  and  from  other  injuries  occurring  in  the  vicinity  of 


Fig.  229.— Union  in  Imiracted  Extra- 
capsular Fracture  of  Neck  of  Femur. 


Fig.  230.— Impacted  Extracapsular  Fracture 
of  Neck  of  Femur :  Abundant  Formation 
of  Callus. 


the  hip-joint,  is  a  matter  of  considerable  importance,  and  often  of  no  slight 
difficulty. 

Between  the  unimpacted  intracapsular  and  the  ordinary  extracapsular 
fractures  there  can  be  no  difficulty  in  diagnosis  ;  aU  the  signs  of  the  latter 
being  much  more  strongly  marked  than  those  of  the  former  injury,  as  may  be 
seen  by  the  annexed  table,  the  difference  of  age  and  the  degree  of  violence 
required  to  break  the  bone  being  also  important  elements  in  the  diagnosis. 

Diagnosis  hehveen  unimpacted  Intra-  and  Extra-capsular  Fractures  of  the  J^'ecJc 

of  the  Thigh-bone. 

Intracapsular.  \  Extracapsular. 

1.  Cause  generally  slight  and  indirect,  such  j  1.  Cause  usually  severe  and  direct  violence, 
as  catching  the  foot  in  the  carpet  or  i  such  as  falling  from  a  height  or  a  blow 
slipping  off  the  curb-stone.                    !       on  the  hip. 

2.  Force  usually  applied  longitudinally  or  2.  Force  usually  applied  transversely, 
obliquely. 

3.  Age,  rarely  below  fifty  ;  most  commonly  i  3.  Age,  usually  below  fifty;  chiefly  in 
in  feeble  aged  persons.                          \       vigorous  adults. 

4.  Pain  and  constitutional  disturbance  |  4.  Pain  and  constitutional  disturbance 
slight.                                              I       usually  considerable. 

'y.  No  apparent  injury  to  soft  paiis  about  i  5.  Considerable  extravasation,  ecchymosis. 
hip.                                                    J       and  signs  of  direct  injury  to  hip. 

6.  Crepitus  often  obscure.  ■  fi.  Crepitus,  very  readily  felt. 

7.  Shortening,  at  first,  usiially  not  more  7.  .Sliortening  at  least  two  inches  or  more, 
tlian  one  inch. 


The  distinction  between  intracaj)sular  fracture  and  the  impacted  fracture  of 
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Ihe  neclc  is  also  easy.  In  the  former  case  the  crepitus  can  be  obtained  by 
extending  and  rotating  the  limb,  the  eversion  is  more  marked,  and  the  injury 
occurs  usually  from  indirect  violence  ;  in  the  latter,  traction  cannot  restore  the 
limb  to  its  proper  length,  crepitus  is  wanting,  and  the  fracture  is  always  the 
result  of  direct  violence  applied  to  the  trochanter. 

In  impacted  fractures  of  the  nech  of  the  femur  it  is,  as  a  rule,  impossible  to 
detennine  whether  the  injury  is  within  or  without  the  capsule.  The  separa- 
tion of  the  head  and  the  impaction  of  the  neck  into  it  occurs  only  in  old 
people,  and,  judging  from  the  few  recorded  cases,  the  shortening  and  eversion 
are  slight.  '  Fracture  of  the  root  of  the  neck  with  impaction  into  the 
trochanter  occurs  at  all  ages  after  middle  life.  Its  symptoms  vary  from 
scarcely  appreciable  displacement  to  extreme  eversion  with  one  inch  of 
shortening.  Should  the  trochanter  have  been  fissured  or  sphntered,  this 
may  be  ascertained  on  careful  examination,  and  the  nature  of  the  injury  could 
then  be  recognized  with  certainty. 

Severe  contusions  of  the  hijJ  are  sometimes  followed  by  eversion  of  the  hmb 
with  inability  to  move  it,  so  that  at  first  sight  it  might  be  supposed  that  the 
bone  was  broken.  In  these  cases,  however,  the  absence  of  shortening  and 
crepitus  will  always  establish  the  diagnosis.  But  though  no  immediate  and 
sudden  shortening  can  occur  without  fracture,  these  contusions  may  be 
followed  at  a  remote  period  by  shortening  of  the  limb  from  atrophic  changes 
in  the  head  and  neck  of  the  femur.  When  the  injured  hip-joint  has  been  the 
seat  of  chronic  rheumatic  arthritis,  and  the  limb  is  already  somewhat  shortened 
by  the  changes  that  occui-  in  the  head  and  neck  of  the  femur  in  this  disease, 
the  difficulty  of  diagnosis  becomes  great  ;  especially  as  there  may  also  be, 
as  the  result  of  the  disease,  some  thickening  of  the  trochanter,  with  rough 
grating,  almost  hke  true  crepitus,  on  moving  the  joint.  Here,  however,  the 
history  of  the  case,  the  fact  of  the  shortening  not  being  of  recent  occurrence, 
the  possible  affection  of  other  joints,  the  character  of  the  grating  and  the 
absence  of  acute  pain  with  it,  will  be  sufiicient  to  establish  the  nature  of  the 
injury.  The  diagnosis  of  these  injuries  from  dislocations  will  be  considered  in 
a  subsequent  chapter. 

Occasionally  the  fracture  extends  through  the  trochanter  major  and 
upper  part  of  the  shaft  without  implicating  the  neck  of  the  bone.  Here 
there  is  shortening  by  about  three-fourths  of  an  inch,  or  an  inch,  with  much 
eversion,  and  crepitus  readily  felt.  This  fracture,  which  unites  firmly  by  bone, 
must  be  treated  in  the  same  way  as  the  last. 

Compound  Fractures  of  the  Week  of  the  Thigh-bone  can  occur  only 
from  bullet-wounds.  In  these  cases  the  choice  lies  between  amputation  at  the 
hip-joint,  resection  of  the  injured  portion  of  bone,  or  treating  the  case  as  an 
ordinary  compound  fracture.  The  choice  of  the  Surgeon,  for  reasons  stated 
at  p.  354,  lies  between  the  latter  two  alternatives,  which  alone  afford  a 
reasonable  hope  of  safety  to  the  patient. 

Fracture  of  the  Trochanter  Major,  by  which  this  process  is  broken  off 
from  the  rest  of  the  bone,  is  described  by  Sir  Astley  Cooper,  Aston  Key,  and 
Nelaton  as  being  always  the  result  of  direct  violence.  It  may  be  single  or 
comminuted.  The  fragment  is  usually  drawn  upwards  and  backwards,  rarely 
forwards ;  and  more  rarely  it  remains  fixed  by  fibrous  bands  in  its  normal  place. 
The  symptoms  are  separation  between  the  fi-agments,  and  crepitus,  which 
is  most  readily  obtained  by  flexing  and  abducting  the  thigh  and  rotating  it 
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oiitwards,  at  the  same  time  that  the  ft-agments  are  firmly  pressed  together 
There  is  no  sliorteiiing  of  tlie  limb.  The  exact  nature  of  tlie  injury  is  often 
concealed  by  the  swelling  from  extravasated  blood.  It  is  very  rare  without 
accompanying  fracture  of  the  neck.  In  children  the  epiphysis  of  the  trochan- 
ter has  been  known  to  be  se]iarated  by  direct  violence. 

2.  Fractures  of  the  Shaft  of  the  Thigh-hone  are  of  very  common 
occurrence,  especially  in  children,  forming,  according  to  Bruns,  one-fjuarter  of 
all  fractures  in  children  under  ten.  They  steadily  decrease  in  frequency  with 
age.  Excluding  those  implicating  the  neck,  one-third  of  all  fractures  of  the 
femur  occur  under  10,  and  about  the  same  between  10  and  30. 

In  adults  they  are  always  oblique,  unless  they  are  the  result  of  direct  violence: 
in  children,  especially  when  the  child  is  very  young,  the  fracture  is  more  often 
transverse  or  nearly  so.  The  most  common  seat  of  fi-acture  from  indirect 
violence  is  the  middle  third,  and  the  obliquity  is  such  that  the  sharp  point  of 
the  upper  fragment  is  directed  forwards  and  outwards. 

The  Signs  are  well  marked.  There  is  shortening,  usually  to  a  considerable 
extent,  with  eversion  of  the  limb,  crepitus  readily  produced,  and  much  swelling 
from  the  approximation  of  the  attachments  of  the  muscles.  The  lower  frao^" 
ment  is  always  drawn  upwards,  and  somewhat  to  the  inner  side  of  the  upper, 
and  is  rotated  outwards.  When  the  fracture  is  at  or  above  the  middle  of  the 
thigh,  there  is  a  gi-eat  tendency  to  angular  deformity,  in  consequence  of  the 
projection  forwards  of  the  lower  end  of  the  upper  fragment.  In  all  cases 
there  is  this  forward  projection,  and  in  most  an  outward  displacement,  or 
abduction,  as  well  of  the  upper  fragment.  But  in  some  very  rare  cases,  it  is 
drawn  inwards  as  well  as  forwards. 

The  common  displacement  is  caused  in  the  following  way.  The  upper 
fragment  is  abducted  chiefly  by  the  gluteus  minimus,  it  is  rotated  outwards 
by  the  external  rotators  attached  to  the  trochanter  and  flexed  by  the  psoas 
and  iliacus.  The  lower  fragment  is  drawn  upwards  chiefly  by  the  flexor 
muscles  of  the  leg  and  the  adductor  magnus,  and  to  a  less  degree  by  the 
vasti  ;  it  is  di-awn  inwards  by  the  adductor  magnus  and  longus  if  the  latter 
muscle  be  attached  to  it.  As  the  obliquity  of  the  fracture,  when  from 
indirect  violence,  is  almost  invariably  from  below,  upwards  and  backwards, 
and  somewhat  inwards,  it  is  evident  that  as  the  lower  fragment  is  drawn 
upwards  by  the  muscles  passing  from  above  to  below  the  fracture  it  will 
tend  to  the  inner  side  of  the  limb  and  will  tilt  the  upper  ft-agmeut  forwards 
and  outwards.  In  rare  cases  in  which  the  obliquity  is  in  the  opposite 
direction,  the  lower  fragment  may  ride  in  front  of  the  upper. 

Synovial  effusion  into  the  knee-joint  is  an  almost  constant  phenomenon 
in  fracture  of  the  femur.  It  becomes  evident  soon  after  the  accident  and 
disappears  in  about  a  week.  It  is  probably  due  to  a  violent  strain  of  the 
articulation  by  the  same  violence  that  causes  the  fracture. 

The  Treatment  of  fractures  of  the  shaft  of  the  thigh-bone  may  be  conducted 
in  different  Avays,  each  of  which  presents  advantages  in  ]mrticular  ca-scs. 
Whatever  treatment  is  adopted,  and  however  carefully  it  may  be  carried  out, 
the  Surgeon  must  not  be  disappointed  if,  in  the  adult,  a  certain  amount  of 
shortening  be  left.  This  is  more  particularly  the  case  Avhere  the  fracture  is 
oblique  and  high  up  :  the  more  transverse  and  the  nearer  the  condyles  the  less 
will  be  the  liability  to  shortening.  In  children,  union  may  almost  always  be 
procured  without  shortening.    But  a  slight  diminution  in  the  length  of  the 
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limb  is  in  reality  of  110  consequence,  and  gives  rise  to  no  inequality  of  gait ; 
the  pelvis,  by  the  obliquity  it  assumes,  remedying  this.  It  is  only  when  the 
shortening  exceeds  half  or  three  quarters  of  an  inch,  that  it  is  important  and 
occasions  deformity.  The  rotation  outwards  of  the  lower  fragment,  however, 
if  not  corrected  by  treatment,  seriously  cripples  the  patient,  as  it  leaves  the 
toes  and  the  patella  directed  outwards,  so  that  the  movements  of  both  the  knee 
and  the  ankle  are  rendered  almost  useless  in  walking. 

1.  The  fracture  may  be  treated  by  simply  relaxing  the  muscles  of  the  limb. 
This  is  effected  by  laying  it  upon  its  outer  side,  flexing  the  thigh  to  nearly  a 
right  angle  with  the  body,  and  the  leg  upon  the  thigh,  and  supporting  the 
limb  in  this  position  by  an  angular  wooden  or  leather  splint,  extending  from 
the  hip  to  the  knee  or  outer  ankle,  and  by  a  short  inside  thigh-splint.  This 
position  I  have  occasionally  adopted  in  fractures  about  a  couple  of  inches 
below  the  trochanters,  in  which  there  is  a  great  tendency  to  the  projection 
outwards  of  the  lower  end  of  the  upper  fragment,  and  have  found  these  cases 
turn  out  better  in  this  way  than  on  any  other  plan  of  treatment.  If  there  is 
much  shortening  a  weight-extension  apparatus  may  be  applied  by  means  of 
strapping  fixed  to  the  lower  part  of  the  thigh, 

2.  Extension,  without  regard  to  muscular  relaxation,  by  means  of  Desault's 


Fig.  231.— Liston's  Long  Splint. 


or  Liston's  long  splint  and  perineal  band  (Fig.  231),  will  be  found  a  most 
successful  plan  of  treating  fractures  in  the  middle  and  lower  parts  of  the 
thigh. 

In  employing  the  long  splint  for  the  treatment  of  these  fractures,  care  must 
be  taken  that  it  be  of  sufficient  length  to  extend  about  six  inches  beloAv  the 
sole,  and  nearly  as  high  as  the  axilla.  The  perineal  band  should  consist  of  a 
soft  handkerchief  covered  with  oiled  silk,  and  must  be  gradually  tightened. 
A  very  ingenious  appliance  has  been  contrived  by  my  former  House-Surgeon, 
Buckston  Browne,  for  employing  elastic  extension  from  the  foot.  It  consists 
of  a  brass  catch,  such  as  are  used  for  the  strings  of  window-blinds,  attached 
to  a  vulcanized  rubber  ring,  which  is  connected  with  a  transverse  piece  of 
wood  fixed  to  the  leg  by  a  long  loop  of  adhesive  plaster,  the  ends  of  which 
should  reach  on  each  side  to  a  little  above  the  knee.  By  means  of  this  con- 
trivance, elastic  traction  can  be  kept  up  to  any  degree  required,  without  the 
danger  of  galling  the  skin  of  the  instep.  If  the  perineal  band  occasion 
excoriation  or  undue  pressure,  so  as  to  necessitate  its  removal,  I  have  found 
advantage  from  keeping  up  extension  with  a  heavy  weight  attached  to  the 
leg  by  plaster,  counter-extension  being  made  by  the  weight  of  the  patient's 
body,  the  foot  of  the  bed  being  slightly  elevated  on  a  couple  of  blocks  of 
wood. 

Another  useful  form  of  the  long  splint  is  the  following  :  extension  is  made 
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by  a  cavefully  padded  haiidkorcliiei;  the  middle  of  whicli  is  placed  above  the 
heel  behind,  and  the  two  ends  are  then  bi'ou^dit  forward  and  crossed  over  the 
instep  and  afterwards  passed  through  the  notches  at  the  end  of  the  long  splint 
and  securely  tied  ;  countci'-extension  is  made  by  a  perineal  band  ;  four  short 
splints  are  secured  by  straps  and  buckles  round  the  thigh,  the  anterior  reaching 
from  the  groin  to  the  patella,  the  posterior  from  the  folds  of  the  nates  to  the 
upper  part  of  the  ham,  the  inner  from  the  perinasum  to  just  above  the  pro- 
minence of  the  inner  condyle,  and  the  outer  from  just  below  the  trochanter  to 
above  the  outer  condyle.    A  small  sheet,  folded  till  it  reaches  from  the  groin 


Fig.  232.— Browne's  Elastic  Catcli. 


to  the  malleoli,  is  to  be  wrapped  round  the  long  splint  so  as  to  get  a  firm  hold 
of  it,  and  then  brought  round  the  thigh,  passing  under  it,  and  secured  by 
strong  pins  to  the  part  of  the  sheet  round  the  splint.  A  body  bandage  about 
eighteen  inches  wide  is  then  applied  in  the  same  way.  In  this  apparatus  the 
long  splint  is  used  merely  for  extension  and  to  fix  the  hip  and  knee-joints,  the 
four  short  splints  holding  the  bone  in  position. 

In  all  forms  of  the  apparatus  care  must  be  taken  that  the  splint  is  wide 
enough,  otherwise  rotation  outwards  may  take  place.  This  is  further  prevented 
by  the  apparatus  represented  in  Fig.  232.  This  consists  of  a  thick  piece  of 
board  upon  which  are  screwed  two  rectangular  pieces  of  iron  between  which 
the  splint  is  placed.  This  serves  not  only  the  purpose  of  preventing  eversion. 
but  it  tends  to  raise  the  heel  from  the  bed,  and  thus  to  prevent  the  pain  often 
caused  by  its  pressing  on  the  bed-clothes. 

3.  The  double  inclined  plane  is  especially  useful  in  many  compound  frac- 
tures of  the  thigh,  often  aifording  greater  facilities  for  dressing  the  wound 
than  any  other  apparatus  that  can  be  applied. 

4.  Extension  of  the  limb  by  the  attachment  of  a  weight  to  the  foot,  a  plan 
of  treatment  employed  by  James,  of  Exeter,  and  perfected  by  Buck,  of 
New  York,  is  a  most  simple  and  efficient  method.  The  accompanying 
drawing  (Fig.  233)  illustrates  this  well.  The  weight  required  for  extension 
should  vary  in  the  adult  from  five  to  ten  pounds.  The  counter-extending 
means  consist  of  a  perineal  band,  which  should  be  of  india-rubber  tubing 
properly  covered  with  muslin  and  fastened  to  the  head  of  the  bedstead  by 
means  of  straps. 

5.  Suspension  of  the  limb  from  a  s^jlint  ajiplied  along  the  anterior  aspect,  as 
in  Fig.  234,  has  been  recommended  by  N.  R.  Smith,  of  Baltimore.  As  a  general 
plan  of  treatment,  it  is  not  likely  to  be  found  advantageous.    But  it  is  easy  to 
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understand  that,  in  certain  cases,  where  injury  has  been  done  to  the  soft  parts 
of  the  limb  posteriorly,  it  might  be  found  very  useful. 

6.  Hodgen,  of  St.  Louis,  recommends  a  different  form  of  suspension  splint 
which  has  been  extensively  used  with  very  good  results.    It  consists  of  a 


Fig.  233.— Fractiu'e  of  Shaft  of  Thigh-bone  :  Treatment  liy  Weights  and  Short  Splints. 


strong  piece  of  iron-wire  long  enough  when  bent  to  extend  from  the  anterior 
superior  spine  to  the  pubes,  passing  in  a  loop  six  inches  beyond  the  sole  of 
the  foot.  The  free  ends  are  connected  by  a  transverse  piece  crossing  in  front 
in  the  hue  of  the  groin.  Strong  bands  of  cotton  sacking  pass  from  one  side- 
piece  to  the  other,  upon  which  the  limb  is  laid.    Hooks  are  fixed  to  the  lateral 


Fig.  204.— Limlj  suspended  from  Splint  by  Slings,  preparatory  to  application  of  Roller. 

pieces,  two  opposite  the  middle  of  the  thigh,  and  two  opposite  the  lower  part 
of  the  leg,  by  which  the  splint  can  be  suspended.  The  wire  is  bent  opposite 
the  knee  so  as  to  allow  of  slight  flexion.  The  foot  may  be  secured  to  the  loop 
of  the  splint  either  by  a  bandage  or  a  handkerchief. 

7.  Thomas's  knee-splint  applied  as  for  disease  of  the  joint  (see  Disease  of 
Knee,  Vol.  ii.),  with  four  short  splints  surrounding  the  broken  bone,  forms  a 
most  excellent  apparatus  for  a  fracture  of  the  femur.  The  end  of  the  splint 
must  be  slung  to  a  cradle  by  a  loop  of  bandage  so  as  to  raise  it  about  six 
inches  from  the  bed  (Fig.  2:35). 

VOL.  1.  S  S 
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8.  The  starclied  oi-  plaster-bandage  may  be  employed  in  most  cases.  In 
treating  fractures  of  the  shaft  of  the  thigh-bone  with  the  starched  bandage,  the 
followmg  plan  will  be  found  convenient.  The  hmb  should  be  evenly  and 
thickly  enveloped  in  a  layer  of  cotton  wadding  ;  a  long  piece  of  strong  paste- 
board, about  four  inches  wide,  soaked  in  starch,  must  next  be  appHed  to  the 
posterior  part  of  the  limb,  from  the  nates  to  the  heel.  If  the  patient  be  very 
muscular,  and  the  thigh  large,  this  must  be  strengthened,  especially  at  its 
upper  part,  by  having  slips  of  bandage  pasted  upon  it.  Two  narrower  shps 
of  pasteboard  are  now  placed,  one  along  each  side  of  the  limb,  from  the  hip  to 


the  ankle,  and  another  shorter  piece  on  the  fore  part  of  the  thigh.  A  double 
layer  of  starched  bandage  should  now  be  applied  over  the  whole,  with  a 
strong  and  well-starched  spica.  It  should  be  cut  up  and  trimmed  on  the 
second  or  third  day,  and  then  re-applied  in  the  usual  way.  With  such  an 
apparatus  as  this  I  have  treated  many  fractured  thighs,  both  in  adults  and  in 
children,  without  confinement  to  bed  for  more  than  three  or  four  days,  but  as 
a  rule  it  is  better  not  to  apply  the  starched  bandage  before  the  end  of  the 
second  week  (Fig.  178).  The  points  to  be  particularly  attended  to  are,  that 
the  hinder  pasteboard  splint  be  very  strong,  at  the  upper  part  especially,  and 
that  the  spica  be  well  and  firmly  applied,  so  that  the  hip  and  the  whole  of  the 
pelvis  may  be  immovably  fixed. 

A  simple  comminuted  fracture  of  the  thigh-bone  is  usually  best  treated  on 
the  double  inclined  plane  for  the  first  three  weeks,  after  which  it  may  be  put 
up  in  the  starched  bandage. 

In  fractures  of  the  femur  in  cldldrcn,  it  is  often  difiicult  to  maintain  good 
position,  owing  to  the  restlessness  of  the  patient.  In  such  cases  Hamilton 
recommends  that  a  long  sphnt  be  applied  to  the  sound  thigh  as  well  as  to  the 
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1  broken  one.  The  two  splints  are  connected  at  the  bottom  by  a  transverse 
bar  (Fig.  286),  and  some  short  splints  must  be  put  round  the  thigh  to  fix  the 

'  broken  bone.  I  can  speak  from  experience  of  the  very  great  advantages  of 
this  method  in  young  children.  The  child  can  be  taken  up  and  turned  over 
with  the  splint  without  disturbing  the  fracture  in  the  slightest  degree. 

Another  excellent  plan  is  that  recommended  by  Bryant  of  applying  a  back- 
splint  from  the  heel  to  the  nates  and  short  splints  on  the  sides  and  front  of 
the  thigh,  strapping  having  been  previously  fixed  to  the  leg,  by  means  of 
which  extension  can  be  made.    The  limb  is  then  slung  up  to  a  hook  in  the 

•  ceiling  or  to  any  other  convenient  point,  so  as  to  keep  it  at  right  angles  to 
the  body.  By  this  means  the  bandages  are  kept  out  of  the  way  of  the 
evacuations  passed  into  the  bed,  and  the  weight  of  the  body  acts  as  a  constant 
counter-extending  force. 

In  very  young  children,  plaster-of-Paris  and  starched  bandages  can  hardly 
be  used,  as  it  is  impossible  to  keep  them  clean. 

The  Treatment  of  Compound  and  Comminuted  Fracture  of  the 
Thigh-bone  will  vary  according  as  the  injury  arises  from  gun-shot,  or  is  an 
accident  of  civil  life.  In  the  former  case,  for  reasons  stated  at  p.  354,  ampu- 
tation should  at  once  be  performed  if  the  fracture  be  below  the  upper  third  of 
the  bone.  When  the  upper  third  is  splintered,  the  result  of  amputation  is  so 
very  unsatisfactory,  that  the  patient  may  have  a  better  prospect  of  recovery  if 

;  the  limb  be  treated  in  splints,  and  an  endeavour  made  to  save  it,  disarticula- 
tion at  the  hip-joint  in  such  cases  being  almost  invariably  fatal. 

"When  a  compound  fracture  of  the  thigh-bone  occurs  from  one  of  the 
common  accidents  of  civil  life,  even  if  it  be  comminuted,  the  line  of  practice 


i  Fig.  237.— Comijound  Fracture  of  Shaft  of  Thigh-bone  :  Treatment  by  Bracketed  Long  Splint. 

is  not  so  defined.  The  course  that  the  Surgeon  adopts  must  be  influenced  by 
the  extent  of  injury  done  to  the  soft  parts,  more  particularly  to  the  main  blood- 
vessels of  the  limb.  If  the  integuments  and  muscles  be  extensively  torn  and 
lacerated,  or  if  there  be  reason  to  believe  that  the  femoral  vessels  have  suf- 
fered, amputation  must  be  performed.  But  if  the  wound  be  but  small,  made 
by  the  perforation  of  the  bone  rather  than  by  the  violence  which  occasioned 
the  fracture,  and  if  the  vessels  be  uninjured,  an  attempt  must  be  made  to  save 
the  limb,  which  should  be  put  up  in  Thomas's  hip-splint,  on  the  double 
inclined  plane  or  in  the  long  bracketed  splint,  and  treated  with  the  strictest 
attention  to  drainage  and  to  the  prevention  of  decomposition.  In  cases  of 
compound  fracture,  where  the  wound  is  in  the  posterior  and  outer  part  of  the 
limb,  I  have  found  a  long  thigh-splint,  bracketed  opposite  the  seat  of  injury, 
the  most  convenient  apparatus,  enabling  the  limb  to  be  kept  of  a  proper 
length,  and  the  wound  to  be  dressed  at  the  same  time  (Fig.  237). 

The  treatment  of  the  complication  of  a  ivound  of  the  main  artery,  femoral  or 
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popliteal,  mih  and  by  a  fracture  of  t]ic  thigh-bone,  will  varv  according  as  the 
injury  is  compound  or  simple.  Such  an  accident,  complicating  a  compou  d 
fracture  won  d  probably  be  a  case  for  immediate  amputation.  If  the  fracZ' 
De  simple,  and  a  diffused  traumatic  aneurism  form  in  the  ham  or  lower  part  of 
the  thigh,  we  must  treat  the  latter  in  accordance  with  the  principles  laid  do^vn 

ah  p.  Oti). 

In  discussing  the  treatment  of  these  accidents,  in  which  the  question  of 
amputation  of  the  thigh  is  raised,  I  cannot  too  strongly  state  my  conviction 
that  unavoidable  as  it  undoubtedly  is  in.  some  cases,  as  the  only  alternative 
iett  to  the  burg'eon,  this  operation,  when  practised  primarily  for  compound 
fractures  of  the  tUcjh-lona,  is  one  of  the  most  fatal  in  surgery,  and  should 
accordingly  not  be  too  hastily  resolved  upon. 

3  Fractures  in  the  Vicinity  op  the  KNEE-joiNT.-The  lower  end  of 
the  thigh-bone  may  be  broken  across  transversely,  immediately  above  the 
condyles,  and  occasionally  this  may  be  compiieated  by  a 
vertical  fissure  separating  the  condyles  from  each  other, 
and  extending  into  the  knee-joint.  In  other  cases,  the 
fracture  extends  through  one  of  the  condyles,  detaching  it 
from  the  shaft  of  the  bone.  The  readiness  with  which 
crepitus  can  be  felt,  the  line  of  fracture  made  out,  and  the 
displacement  removed  by  lateral  pressure,  detennines  at 
once  the  nature  of  this  accident. 

When  the  femm-  is  fractured  transversely  immediately 
above  the  condyles,  the  lower  fragment  is  powerfully  flexed 
by  the  gastrocnemius,  plantaris,  and  popliteus  muscles, 
causing  its  upper  extremity  to  project  backwards  into  the 
ham,  while  the  lower  end  of  the  upper  fi-agment  rests  on  its 
anterior  surface.  Thus,  although  the  limb  may  be  ap- 
parently extended,  the  knee-joint  is  in  reality  flexed.  If  a 
limb  in  this  condition  were  put  up  on  a  long  splint  and 
extension  made,  the  displacement  would  be  increased,  and 
non-union  of  the  fracture  would  very  hkely  result ;  or,  if 
union  did  occur,  the  utility  of  the  limb  would  be  most 
seriously  impaired.  By  putting  the  limb  on  a  double 
inclined  plane  in  a  flexed  position,  the  deformity  is  at  once 
Imjiacted  removed,  and  the  fractured  ends  are  brought  into  apposition. 
,f  T.,iw,.r  gj.jrant  has  recommended  in  these  cases  to  divide  the  tendo 
Achillis,  and  in  case  the  double  inclined  plane  failed  to  over- 
come the  deformity,  this  might  be  of  use.  The  displaced  lower  fragment 
in  these  cases  must  always  come  into  dangerous  proximity  to  the  popliteal 
artery.  Should  that  vessel  "be  wounded  a  difluse  traumatic  aneurism  may 
rapidly  form,  and  must  be  treated  on  the  principles  laid  down  on  page  549. 
In  some  cases  though  the  vessel  has  escaped  an  actual  wound,  gangrene  has 
occurred  from  pressure  on  the  artery  aud  vein.  In  others  a  circumscribed 
popliteal  aneurism  has  formed  at  a  later  period. 

Fracture  of  the  lower  end  of  the  thigh-bone,  communicating  with  an  open 
wound  of  the  kuee-joint,  is  usually  a  case  for  amputation. 

Impacted  Fracture  of  the  Lower  End  of  tlie  Femur. — In  these  cases 
the  shaft  is  always  driven  into  the  lower  fragment.  I  lia\e  had  several  such 
cases  under  my  care.    In  one,  the  upper  fragment,  which  was  ^•el•y  oblique. 


Fig.  238 

Fracture  of  Low(!r 
End  of  Tliigli-bonc 
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was  firmly  driven  into  tlie  cancellons  structure  of  the  lower  one  (Fig.  238). 
In  another  case,  the  condjdes  of  both  thigh-bones  were  splintered  into  a  nnmber 
of  fragments,  amongst  which  the  shafts  were  impacted.  Excellent  union, 
however,  took  place,  the  skin  having  been  uninjured.  The  diagnosis  is  not 
always  easy,  as  unnatural  mobility  and  crepitus  may  both  be  wanting  ;  and  in 
many  cases,  either  from  a  fissure  extending  downwards  or  from  the  bruising  at 
the  time  of  the  accident,  effusion  occurs  into  the  knee-joint,  which  still  further 
conceals  the  nature  of  the  injury.  The  most  characteristic  feature  in  these 
cases  is  the  shortening,  and  later  on,  as  the  swelling  subsides,  the  deformity  at 
the  seat  of  fracture  may  be  clearly  recognised. 

Separation  of  the  Lower  Epiphysis  of  the  Femur  is  not  an  uncommon 
accident  in  children.  The  wide  surfaces  are  seldom  completely  separated,  and 
the  nature  of  the  injury  is  further  obscured  by  effusion  into  the  joint ;  but  it 
can  usually  be  recognised  by  seizing  the  shaft  of  the  femur  in  one  hand  and 
the  knee  in  the  other,  Avhen  lateral  movement  will  be  recognised,  accompanied 
by  the  soft  crepitus  characteristic  of  a  separated  epiphysis.  The  treatment 
consists  simply  in  supporting  the  limb  for  a  few  days  on  a  back  splint,  till  the 
swelling  has  subsided,  when  a  starched  bandage  or  plaster-of-Paris  splint  may 
be  applied.  Union  usually  takes  place  by  bone,  and  is  followed  by  some 
shortening  fi'om  interference  with  growth. 

The  Period  of  Union  of  Fracture  of  the  Shaft  and  Lower  end  of  the 
Femur  is  between  seven  and  eight  weeks  in  the  adult,  at  the  end  of  which 
time  the  patient  may  dispense  with  artificial  support.  It  is,  however,  always 
about  three  months  before  full  use  of  the  limb  is  regained.  In  children  under 
ten,  union  is  usually  firm  at  the  end  of  the  fifth  week. 

Fractures  in  the  Knee-joint.— It  occasionally  happens  that  a  small  f rag- 


Figs.  239  240. — Fracture  of  Condyles  from  fall  on  the  Bent  Knees. 


ment  of  one  of  the  condyles  of  the  femur  may  be  chipped  off  by  a  violent 
blow,  and  become  loose  in  the  cavity  of  the  joint.  After  the  inflammation 
and  effusion  into  the  joint,  consequent  on  the  accident,  have  subsided,  the 
fragment  may  be  recognised  as  a  loose  body  in  the  joint.  (See  Diseases  of 
Joints  :  Loose  Bodies.) 

In  violent  blows  on  the  upper  part  of  the  tibia,  or  in  forcible  and  extreme 
flexion  of  the  knee,  it  sometimes  happens  that  the  bony  attachment  of  one  of 
the  crucial  ligaments  is  torn  up.  In  the  case  from  which  Figs.  239  and  240 
were  taken,  the  patient  fell  from  a  great  height  on  the  bent  knees.  In  one 
knee,  the  anterior  crucial  ligament  had  torn  up  the  part  of  the  tibia  to  which 
it  was  attached.  In  the  other,  the  posterior  crucial  ligament  had  torn  out  a 
piece  of  the  femur,  and  the  bone  was  fissured  a  long  way  up  between  the 
condyles.    In  the  case  from  which  Fig.  241  was  taken,  the  anterior  crucial 
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ligament  was  torn  from  its  attachment,  brino-iug  with  it  a  scale  of  bone  from 
the  tibia.  These  injm-ies  cannot  be  diagnosed  during  life.  The  treatment 
would  be  that  of  a  sprain  of  the  knee,  with  effusion  of  blood  into  the  joint. 

Fractuiie  of  the  Patella  may  be  the  result  of  direct  violence,  when  the 
bone  is  often  comminuted,  or  even  broken  longitudinally,  being  spUt,  and 
the  joint  being  injured.  But  most  frequently  it  occurs  as  the  consequence  of 
the  sudden  and  violent  action  of  the  extensor  muscles  of  the  thigh,  in  the 
attempt  a  person  makes  to  save  himself  from  falUng  when  he  suddenly  slips 


^.  Fig.  242.— Diagram  of  position  of 

Fig.  241.— Tiliial  Attaclimeut  of  Anterior  fragments  in  Fracture  of  Patella. 

Crucial  Ligament  torn  up.  Eversion  of  Upper  Fragment 


backwards.  The  knee  being  semi-flexed,  the  patella  rests  on  it  only  in  its 
transverse  axis,  and  is  readily  snapped  across,  much  in  the  same  way  as  one 
breaks  a  stick  across  some  resisting  object.  All  iractures  of  the  patella  from 
muscular  action  are  transverse  (Fig.  242),  The  patient  does  not  break  his 
patella  in  these  cases  by  falling  upon  it,  but  he  falls  because  the  patella  has 
been  broken  by  the  violent  action  of  the  extensors  of  the  thigh  in  his 
efforts  to  save  himself.  In  consequence  of  these  fractures  being  occa- 
sioned by  muscular  action,  they  are  more  frequent  in  men,  especially  about 
the  middle  period  of  life,  less  common  in  women,  and  extremely  rare  in 
children.  I  have  once,  however,  had  under  my  care  a  child  under  ten  years 
of  age,  who  had  a  transverse  fracture  of  the  patella.  It  not  unfi*equently 
happens  when  one  patella  has  been  fractured,  that  the  unsteadiness  of  gait 
causes  the  opposite  one  to  be  broken  by  muscular  action  in  an  eflPort  to  avoid 
a  fall.  The  same  patella  may  be  broken  more  than  once  ;  in  the  cases  that  1 
have  seen,  the  second  fracture  has  always  occurred  in  the  upper  fragment,  a 
little  above  the  line  of  the  original  fracture. 

The  Signs  of  this  fracture  are  very  evident.  When  it  is  transverse,  and  has 
been  produced  by  muscular  action,  the  fibrous  expansion  from  the  vasti,  over  the 
bone,  is  torn  ;  and  the  separation  between  the  fragments  (Figs.  242,  243), 
which  is  much  increased  by  bending  the  knee  (Fig.  244),  and  the  inability  to 
stand  or  to  raise  the  injured  limb,  indicate  what  has  happened.    When  it  has 
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Fig.  24:1— 
Fractured  Pa- 
tella :  Side 
view  of  limb, 
straight. 


Fig.  244. — Fracture  of  Patella  Separation 
between  Fragments  increased  by  bending 
the  Knee. 


lieeu  produced  by  direct  violence,  the  muscles  being  at  rest,  there  is  little  or 
no  separation,  even  though  the  fracture  be  transverse,  as  the  fragments  are 
held  together  by  the  untorn  expansion  from  the  extensor  muscles. 
In  such  cases,  and  when  it  is  longitudinal  or  comminuted,  the 
crepitus  and  mobility  of  the  fragments  point  it  out.  Imme- 
diately on  the  occurrence  of  a  fracture  of  the  patella,  the  knee- 
joint  becomes  distended  by  effused  blood  and  inflammatory  exu- 
dation. The  swelling  assumes  the  ordinary  form  of  the  distended 
synovial  membrane.  It  usu- 
ally subsides  after  a  few  days' 
rest. 

Mode  of  Union. — When 
the  patella  is  fractured  trans- 
versely by  muscular  action, 
it  rarely,  if  ever,  imites  by 
bone,  except  as  the  result  of 
some  operative  procedure,  al- 
though cases  have  been  re- 
corded in  which  after  simple 
treatment  the  union  has  been 
so  close  that  there  was  strong 
reason  to  believe  it  was  os- 
seous.   The  failure  of  bony  union  is  due — first,  to  the  wide  separation 
of  the  fragments  by  the  action  of  the  muscles  ;  secondly,  to  the  distension  of 
the  joint  with  fluid  that  prevents  their  early  approximation  ;  and  thirdly,  the 
experience  gained  from  opening  the  joint  to  suture  the  bone,  has  shown  that 
shreds  of  the  torn  fibrous  expansion  from  the  vasti  hang  down  between  the 
fragments,  and  thus  prevent  the  bony  surfaces  from  coming  into  actual  contact. 
Lastly,  in  the  normal  state,  when  the  limb  is  extended,  only  a  small  portion 
of  the  under  surface  of  the  patella  is  in  direct  contact  with  the  bones  beneath. 
When  the  bone  is  broken,  the  upper  and  lower  borders  sink  down  on  the  bone 
in  such  a  Avay  that  even  if  the  fragments  can  be  made  to  meet  posteriorly  a 
gap  is  left  in  front.    In  fractures  by  direct  violence,  the  expansion  covering 
the  bone  not  being  torn,  the  fragments  remain  in  close  apposition,  and  osseous 
union  readily  occurs.    In  the  majority  of  cases  of  transverse  fracture,  the 
fragments  remain  separated  by  an  interval  varying  from  one-fourth  of  an 
inch  to  an  inch  ;  but  in  some  instances  the  gap  is  much  gxeater,  amounting 
even  to  four  or  five  inches.    When  the  separation  does  not  exceed  an  inch 
and  a  half,  the  gap  is  usually  filled  up  by  ligamentous  tissue,  uniting  the 
fragments  firmly.    In  some  of  the  cases,  however,  in  which  the  separation 
between  the  fragments  does  not  exceed  this  distance,  and  in  most  of  those  in 
which  it  extends  beyond  it,  W.  Adams  has  found  that  the  fracture  is  not 
united  by  any  newly-formed  fibrous  tissue,  but  that  the  fragments  are  bound 
together  simply  by  the  thickened  fascia  which  passes  over  the  patella,  with 
which  is  incorporated  the  bursa  patclla3.    Adams  finds  that  the  aponeurotic 
structure  thus  uniting  the  fragments  may  be  arranged  in  difi'erent  ways. 
Thus  it  may  be  adherent  to  the  anterior  periosteal  surface  of  both  fragments  ; 
or  the  connecting  aponeurosis  may  be  reflected  over,  and  be  adherent  to,  both 
the  fractured  surfaces  ;  or,  lastly,  (and  this  is  the  most  frequent  arrangement,) 
the  connecting  aponeurosis  may  pass  from  the  periosteal  surface  of  the  upper 
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frao;ment  to  the  fractured  suifacc  of  the  lo\ver  one,  to  which  it  becomes 
closely  and  firmly  united.  In  the  majority  of  cases,  when  united  Ijy  aponeu- 
rotic  tissue,  the  fragments  gape  somewhat  towards  the  skin,  comiug  more 
nearly  in  contact  posteriorly.  Thus  it  would  appear  that  a  patella  fractured 
transversely  may  unite  in  two  ways  ;  most  frequently  by  the  intervention  of 
thickened  aponeurotic  structure,  and  next,  by  a  ligamentous  or  fibrous  union. 
Of  31  specimens  in  the  London  museums,  examined  by  Adams,  it  was  found 
that  in  15  aponeurotic  union  had  taken  place,  in  12  ligamentous  union,  and 


Fig.  245.— Stellate  Fracture  of  fig.  246.— Aponeurotic         Fig.  247.— Fractui-e  of  Patella, 

the  Patella,  Union   of  a   Fiac-  united  .  by  ligamentous 

tured  Patella:  Side  tissue, 
view. 

in  the  remaining  4  the  kind  of  union  could  not  be  determined.  The  aponeurotic 
union  always  leaves  a  weakened  limb  and  an  unprotected  joint ;  for,  in  conse- 
quence of  the  separation  of  the  fragments,  and  the  folding  in  of  the  fascia,  the 
fingers  can  be  thrust  in  between  the  articular  sm-faces  of  the  knee. 

Treatment. — The  first  step  in  the  treatment  of  fractured  pateUa  is  to  get 
rid  of  the  fiuid  distending  the  joint ;  for  until  this  is  done  it  is  impossible  in 
most  cases  to  bring  the  fragments  into  close  apposition.  Under  the  influence 
of  rest  and  the  application  of  evaporating  lotions,  the  fluid  will  usually  be 
absorbed  under  a  week,  and  in  most  cases  it  ^vill  have  suflSciently  diminished 
to  allow  the  fragments  to  be  brought  together  a  day  or  so  before  this.  A 
much  more  efficient  mode  of  getting  rid  of  the  fluid  and  allowing  immediate 
apposition  of  the  fragments  is  aspiration  of  the  joint.  This  mode  of  treat- 
ment was  adopted  in  1872  by  Dubrueil,  but  a  case  of  suppuration  of  the  joint 
followed  by  death  raised  a  prejudice  against  it.  The  accident  in  this  case 
was  probably  due  to  inoculation  of  the  joint  with  septic  or  infective  matter  by 
means  of  an  impure  needle.  In  the  hands  of  Volkmann,  Max  Schede,  and 
C.  Heath,  who  have  strongly  recommended  tliis  treatment,  no  evil  consequences 
have  ever  followed.  In  order  to  prevent  accidents,  the  needle  must  be  soaked 
for  ten  minutes  in  a  1  in  20  solution  of  carbolic  acid  before  being  used. 

'\yhen  the  fluid  has  been  removed  or  absorbed,  the  fragments  must  in  some 
w^ny  be  kept  in  sufficiently  close  apj^osition  for  firm  ligamentous  union  to  take 
place.    The  means  adopted  to  effect  this  are  numerous,  and  may  ))e  classified 
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thus  :— 1.  Position  ;  2,  special  splints  or  apparatus  ;  3,  the  plaster-of-Paris 
bandage  ;  and  4,  operative  measures. 

1.  Position.— The  upper  fragment,  which  is  retracted  by  the  extensor 
muscles,  must  be  drawn  down  so  as  to  be  approximated  to  the  lower  one, 
which  is  fixed  by  the  ligamentum  pateU^.  In  order  to  do  this,  the  leg  must 
be  fully  extended  and  the  thigh  flexed  at  the  hip  to  relax  the  rectus  femons. 
This  may  be  done  by  placing  the  patient  in  a  semi-recumbent  position  and 
elevating  the  leg  considerably.  Whatever  apparatus  may  be  subsequently 
applied  the  position  of  the  limb  must  also  be  attended  to. 

2.  Special  Splints  and  Apparatus.— The  simplest  mode  of  treatment  is 
the  apphcation  of  a  back  sphnt  with  a  'foot-piece.    It  must  extend  upwards 
to  the  fold  of  the  nates,  and  be  fixed  by  bandages,  leaving  the  knee  exposed. 
Two  rectangular  pieces  of  gutta-percha  measuring  about  two  inches  from 
above  downwards,  and  at  least  one-third  of  the  circumference  of  the  limb  m 
width,  are  then  moulded  to  the  knee,  a  deep  semilunar  notch  being  cut  out  of 
each,  so  that  they  may  accurately  fit  the  upper  and  lower  borders  of  the  broken 
bone.    These  are  applied  above  and  below  the  patella, 
and  approximated  and  held  in  position  by  broad  strips 
of  plaster  long  enough  to  embrace  the  limb  and  the 
back  splint  to  which  they  must  be  fixed.    They  are 
applied  obliquely  in  such  a  way  as  to  steady  the  lower 
fragment  and  to  draw  the  upper  downwards  towards 
it.    Care  must  be  taken  that  the  pieces  of  gutta- 
percha do  not  press  on  the  upper  and  lower  portions 
of  the  pateUa,  lest  the  fragments  be  tUted,  so  that 
though  they  are  in  contact  posteriorly  they  are  sepa- 
rated by  a  considerable  interval  in  front.    If  gutta- 
percha be  not  at  hand,  pads  of  lint  cut  to  the  same 
form  must  be  applied  beneath  the  straps.    A  figure- 
of-8  bandage  may  be  appMed  round  the  limb  and 
splint  together.    In  the  place  of  the  gutta-percha 
and  straps  of  plaster,  an  apparatus  consisting  of  two 
broad  bands  of  leather,  buckled  above  and  below  the 
knee  and  united  by  longitudinal  straps,  which  can  be 
shortened  at  pleasure,  has  been  employed. 

C,  J.  Manning,  a  former  house-surgeon  of  Uni- 
versity College  Hospital,  from  careful  dissection  of  the 
arterial  supply  of  the  patella  (Fig.  248),  came  to  the 
conclusion  that  the  pads,  applied  as  above  described, 
press  upon  the  chief  vessels  supplying  the  bone,  and  that  the  interference 
mth  the  blood-supply  thus  produced  may  be  one  of  the  causes  of  failure 
of  bony  union.  He  found  that  on  injecting  a  limb  put  up  in  this  way  no 
fluid  entered  the  vessels  around  the  patella.  He  therefore  suggested  the 
following  apparatus  (Fig.  249),  the  object  of  which  is  fully  to  control  the 
extensor  muscles  without  applying  pressure  to  the  fractm-ed  patella.  It 
consists  of  a  wooden  back-piece,  a  little  wider  than  the  knee-joint,  and  long 
enough  to  reach  fi-om  the  sole  of  the  foot  to  the  gluteal  fold,  and  provided  at 
the  lower  end  with  a  foot-piece,  A.  At  the  junction  of  the  middle  and  lower 
thirds  is  a  transverse  oblique  slit,  b,  one  and  a  half  inch  long.  Strips 
of  strong  plaster,  two  inches  broad,  and  long  enough  to  encircle  the  thigh 
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24S.— Arterial  Supply 
Patella  (Manning). 
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and  overlap  by  some  inches,  are  attached  to  a  calico  band,  d.  The  free 
end  of  this  band  is  carried  through  the  sHt,  and  tlie  straps  of  plaster  are  open 
on  the  upper  part  of  the  splint.  A  piece  of  wood,  e,  is  attached  to  the  lowei- 
part  of  the  splint,  and  another  piece  of  corresponding  size  is  attached  to  a  loop 
at  the  end  of  the  calico  band,  so  that,  when  drawn  down  and  the  splint  adjusted, 
these  three  pieces  may  be  five  or  six  inches  apart. 

The  foot  and  leg  having  been  previously  bandaged  as  far  as  the  lower  edge 
of  the  patella,  and  the  splint  padded  so  as  to  leave  the  slit  uncovered,  the 


Fig.  249.— Manning's  Splint  for  Fractured  Patella. 


strapping  is  heated  by  means  of  a  bottle  of  hot-water,  and  while  an  assistant 
di-aws  down  the  upper  fragment  by  grasping  the  muscles  of  the  thigh,  the 
straps  of  plaster  are  carried  firmly  round  the  limb  from  above  downwards, 
extending  from  just  below  the  gluteal  fold  to  within  three  inches  of  the  upper 
border  of  the  patella.  It  being  important  that  the  band  of  calico  should  be 
kept  in  the  middle  line  behind,  the  upper  part  of  the  thigh  is  then  secui-ed 
to  the  splint  by  a  few  turns  of  a  roller.    Lastly,  as  many  india-rubber  rings 


F 

Fig.  250.— Manuiug's  Splint  applied. 


as  will  serve  to  approximate  the  fragments  without  causing  too  much  pain  to 
the  patient,  are  passed  over  the  projecting  ends  of  the  pieces  of  wood  (as  at  F, 
Fig.  250),  on  each  side  of  the  splint,  so  as  to  exercise  sufficient  traction  on  the 
muscles  pulling  on  the  upper  fragment. 

H.  0.  Thomas,  of  Liverpool,  recommends  a  jplan  of  treatment  which  has 
given  excellent  results,  and  has  the  great  advantage  of  not  confining  the 
patient  to  bed  for  more  than  a  few  days.  A  Thomas's  bed  knee-splint  (sec 
Diseases  of  the  Knee-Joint),  which  need  not  accurately  fit  the  patient  pro- 
vided it  be  of  sufficient  length,  should  be  at  once  applied.  The  leg  is  to  be 
retained  in  position  by  the  usual  extension  apparatus  of  adhesive  plaster,  the 
ends  of  the  strips  being  fixed  round  the  bottom  of  the  splint.  "  To  the  bandages 
which  secure  the  extension-plaster  round  the  leg  is  sewn  a  piece  of  elastic 
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webbing  with  adhesive  material  spread  upon  half  its  length  ;  this  being  thus 
fixed  below  is  stretched  over  the  fractured  patella  and  at- 
tached by  adliesion  to  the  skin  of  the  thigh  above  the  upper 
fragment  of  the  patella,  which  it  thus  constantly  draws  gently 
down  and  exercises  also  very  slight  sui-face  pressure  over 
both  fragments,  pressing  them  into  the  space  between  the 
condyles  of  the  femur  and  head  of  the  tibia."  The  bandages 
are  now  applied  over  the  thigh  and  leg,  and  a  support 
ai-ranged,  either  of  leather  or  adhesive  plaster,  behind  the 
popliteal  space,  sufficiently  tight  to  hinder  any  backward 
strain  on  the  knee-joint.  As  soon  as  it  can  be  made,  a 
walking  "caliper"  knee-splint  with  a  boot  must  be  fitted 
to  the  patient ;  after  which  he  can  leave  his  bed  and  move 
about  during  the  remainder  of  the  treatment. 


Fig. 


.  —  Thomas's 
Ivnee  -  splint,  a^i- 
plied  for  Fracturetl 
Patella. 


3.  Plaster-of-Paris  Bandage. — The  immediate  appli- 
cation of  a  plaster-of-Paris  bandage  after  aspiration  of  the 
joint  has  been  strongly  advocated  by  C.  Heath,  Avho  has 
obtained  excellent  results  by  this  mode  of  treatment.  I 
have  frequently  employed  the  starched  bandage  without 
aspiration  of  the  joint,  and  have  in  this  way  obtained  very 
close  union  without  confining  the  patient  to  bed  after  the 
third  day.  A  back  splint  of  pasteboard  is  required  to 
fix  the  knee,  and  a  good  pad  of  lint  with  a  figure-of-8 
bandage  should  be  applied  above  and  below  the  fracture. 
The  action  of  the  pad  is  much  increased  by  drawing  it  down  and  fixing 
it  by  two  broad  strips  of  plaster. 

With  any  of  the  foregoing  modes  of  treatment  the  apparatus  must  be  applied 
for  at  least  eight  weeks,  and  after  its  removal  some  rigid  appliance,  such  as  a 
firm  leather  sphnt  or  a  Thomas's  caliper  sphnt,  must  be  fitted  to  the  hmb  and 
worn  for  a  further  period  of  some  weeks  or  months.  If  this  precaution  be  not 
taken,  the  union,  which  at  first  appeared  very  close,  will  gradually  yield  until 
in  the  course  of  a  few  months  the  fragment  may  be  separated  by  several  inches. 
Thomas  maintains  that  the  common  cause  of  failure  is  insufficient  duration  of 
the  treatment.  He  advises  that  the  knee  should  not  be  flexed  for  nine  months, 
and  that  the  patient  during  the  whole  of  this  time  should  wear  a  caliper  knee- 
splint.  The  stiffness  that  necessarily  results  fi'om  such  prolonged  rest  will,  he 
asserts,  always  pass  off  spontaneously,  and  never  requires  forcible  flexion  or 
other  violent  means  to  get  rid  of  it. 

4.  Operative  Procedures. — The  foregoing  methods  of  treatment  are 
rarely,  if  ever,  followed  by  osseous  union  in  cases  of  fracture  by  muscular 
action.  Yarious  operative  procedures  have  therefore  been  suggested  in  order 
to  maintain  more  accurate  apposition  of  the  fragments,  and  thus  obtain  union 
by  bone.  The  simplest  of  these  is  by  the  use  of  the  instrument  known  as 
"  iMalgavjne's  JiooJcs:'  It  consists  of  a  pair  of  sharp  double  hooks,  which,  being 
fixed  into  the  two  fragments,  can  be  drawn  together  by  means  of  a  screw.  It 
undoubtedly  is  a  most  efficient  means  of  approximating  the  fragments,  but  it 
does  not  necessarily  ensure  bony  union.  This  mode  of  treatment  was  at  one 
time  almost  abandoned,  owing  to  the  pain,  irritation,  and  occasional  suppura- 
tion that  followed  its  use.  By  ordinary  antiseptic  measures  these  can  be  pre- 
vented, and  consequently  the  use  of  the  hooks  has- lately  been  revived. 
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A  bloodless  modificatiou  of  this  treatment  has  been  suggested,  in  which  the 
hooks  are  inserted  into  the  pieces  of  gutta-percha  before  described  (p.  0^3), 
instead  of  into  the  bone. 

Exposing  the  bone  by  a  longitudinal  incision,  and  uniting  the  fragments  by 
a  wire  suture,  was  suggested  by  Severini,  and  was  first  practised  in  America 
by  Rhea  Barton  some  fifty  years  ago.  Tlie  operation  was  repeated  by  Cooper 
and  otliers,  but  as  two  cases  out  of  live  terminated  fatally,  it  was  very  properly 
abandoned.  "With  the  introduction  of  antiseptic  surgeiy  it  was  again  suggested 
as  a  mode  of  treatment  by  Sir  Joseph  Lister,  and  was  first  performed  in  this 
country  by  Cameron,  of  Glasgow,  and  has  subsequently  been  repeated  in  a  large 
number  of  cases.  Lister  recommends  that  the  wire  should  be  cut  short  and  the 
ends  hammered  down,  the  wound  being  allowed  to  heal  over  it.  Passive  motion 
is  to  be  commenced  at  the  end  of  the  second  week.  It  is  essential  that  good 
drainage  should  be  provided  from  the  joint  during  the  first  few  days.  This  is 
best  done  by  a  small  incision  at  the  most  dependent  part  of  the  outer  side  of 
the  joint,  through  which  a  drain  of  horse-hair  or  an  india-rubber  tube  may  be 
inserted.  Some  operators  have  used  carbolized  catgut  instead  of  wire,  but 
there  seems  no  advantage  in  so  doing.  A  great  many  most  excellent  results 
have  been  obtained  by  this  treatment,  recovery  being  rapid,  union  either  by 
bone  or  by  very  firm  fibrous  tissue,  and  the  movement  of  the  joint  unimpaired ; 
but  on  the  other  hand  there  have  been  at  least  five  deaths  since  the  re-intro- 
duction of  the  operation,  and  in  other  cases  suppm-ation,  resulting  in  ankylosis, 
has  followed,  and  in  one  at  least  the  patient  has  had  to  submit  to  amputation. 
It  must  not  be  forgotten  that  under  ordinary  treatment  properly  carried  out 
excellent  results  are  obtained  without  the  slightest  danger  to  life.  In  fact  it  is 
remarkable  how  w^ell  the  patient  can  use  the  limb  even  when  the  fragments 
are  sepai'ated  by  as  much  as  an  inch.  It  would  not  seem  to  be  justifiable  there- 
fore to  recommend  this  operation  as  the  ordinary  treatment  of  a  simple  case 
of  recent  fr'acture  of  the  patella.  On  the  other  hand  it  offers  the  only  chance 
of  cure  in  those  cases  in  which,  owing  to  imperfect  treatment,  the  sej)aration 
between  the  fragments  is  so  great  that  the  limb  is  practically  useless.  In  45 
cases  of  this  kind  collected  by  Jalaguier  in  1884  the  operation  was  successfiil 
in  22,  in  9  the  function  of  the  limb  was  imperfectly  restored,  in  1  the  opera- 
tion could  not  be  completed,  in  11  ankylosis  followed,  10  times  after  suppm-a- 
tion of  the  joint,  and  3  died  of  acute  septicsemia  or  pyaemia.  In  operating  on 
such  cases  the  fractured  surfaces  must  necessarily  be  freshened  before  being 
brought  together,  and  in  some  it  has  been  found  necessary  to  make  fi-ee  sub- 
cutaneous incisions  in  the  extensors  before  the  fragments  could  be  brought  into 
contact.  In  compound  fractures,  whenever  it  is  practicable,  the  fragments 
should  be  united  by  wire  sutures. 

To  sum  up,  the  operation  of  opening  the  joint  and  suturing  the  bone  is  not 
to  be  recommended  as  the  ordinary  treatment  of  fi-acture  of  the  patella  ;  but 
if  the  patient  is  willing  to  run  the  risks  of  the  operation  for  the  chance  of  a 
more  rapid  and  perfect  cui-e,  and  if  the  Surgeon  is  confident  of  his  ability  to 
prevent  septic  suppuration  in  the  joint,  it  is  a  perfectly  justifiable  proceeding. 
In  the  case  of  a  useless  limb  frona  an  old  fracture,  the  patient  has  the  choice 
of  submitting  to  the  operation  with  its  attendant  dangers  or  walking  with  his 
limb  fixed  in  some  ligid  apparatus  for  the  rest  of  his  life.  In  compound 
fractures  there  need  be  no  hesitation  in  suturing  the  fragments  in  all  cases. 

Kocher  of  Berne  has  suggested  another  operation  whicli  in  his  hands  has 
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o-iven  very  good  results.  He  passes  a  thick  silver  wire  beneath  the  fragments, 
throuo-h  the  knee-joint,  by  means  of  a  long  and  strong  curved  needle  fixed  on 
a  handle.  He  then  twists  the  two  ends  together,  protecting  the  skin  over  the 
patella  with  a  pad  of  hnt.    This  operation  seems  open  to  the  same  objections 

as  that  just  described.  .  ^-u  . 

After-Effects  of  Fracture  of  tlie  Patella.— Stiffness  of  the  knee  often 
remains  to  a  very  inconvenient  degree  after  the  treatment  of  a  fractured 
patella    It  is  usually  remedied  by  friction  and  manipulation.    Thomas  asserts 
that  it  is  better  left  entirely  to  Nature,  and  states  that  he  has  seen  it  take  two 
years  before  useful  mobility  returned.    But  should  it  not  yield  to  these  minor 
means,  an  apparatus  consisting  of  a  thigh-and-leg  piece  of  stiff  leather,  united 
by  ano-ularly  hinged  lateral  iron  rods,  and  having  an  india-rubber  "  accumulator 
adapted  behind,  should  be  worn.  The  continued  traction  of  the  "accumulator  " 
will  o-radually  flex  the  knee.    But,  as  the  knee  becomes  bent,  the  close  union 
that  may  have  appeared  to  exist  between  the  fragments  gradually  yields,  and 
they  often  gape  more  or  less  widely,  much  to  the  disappointment  of  both 
Suro-eon  and  patient,  the  hgamentous  band  stretching  like  a  piece  of  vulcanized 
indfa-rubber.    This  cannot  be  helped  ;  there  is  the  alternative  between  a 
straight  and  stiff  knee  with  close  union,  or  a  flexible  and  mobile  one  with 
o-apino-  of  the  fragments.    After  the  knee  is  flexible,  lateral  hinged  splints 
may  be  worn  without  the  elastic  strap.    The  limb  on  recovery  is  usually 
perfectly  strong,  and  good  for  any  exercise  except  jumping. 

In  Simple  Comminuted  Fractures  of  the  Patella,  the  result  of  direct 
blows  or  kicks,  the  fragments  are  not  much  separated,  and  union  takes  place 
readily  by  bone.  In  these  cases,  after  the  inflammation,  which  usually  is  rather 
acute,  has  subsided,  the  starched  bandage  may  be  apphed,  and  the  knee  and 
fragments  thus  both  kept  immovable.  . 

Compound  and  Comminuted  Fractures  of  the  Patella,  especially  if 
occasioned  by  bullet-wounds,  and  opening  the  knee-joint,  are  always  most 
serious  injuries.    Under  strict  antiseptic  treatment,  however,  the  limb  can 
usually  be  saved.   The  wound  should,  if  necessary,  be  enlarged,  and  any  loose 
frao-ments  of  bone  removed  ;  if  the  size  and  shape  of  the  fragments  admit  of 
it,  and  if  there  is  any  tendency  to  separation,  they  should  be  drilled  and  united 
by  ^vire  sutures.    The  cavity  of  the  joint  should  then  be  syringed  out  with 
some  efficient  antiseptic  solution.    A  drainage-tube  must  then  be  inserted  on 
the  outer  side  of  the  joint.    This  is  best  done  by  passing  into  the  wound  a 
pab  of  sinus-forceps,  or  the  finger,  if  the  opening  is  large  enough,  and  making- 
it  project  at  the  lowest  possible  point  on  the  outer  side  of  the  joint ;  it  may 
then  be  cut  down  upon  and  the  tube  passed.    The  wound  must  be  di-essed 
with  some  efficient  form  of  antiseptic  dressing  and  absolute  rest  maintained. 
A  case  of  this  kind  in  University  College  Hospital,  which  was  complicated  by 
a  fracture  of  the  thigh  about  the  middle  on  the  same  side,  progressed  under 
carbohc-gauze  dressing  exactly  like  a  simple  fracture.    It  was  caused  by  a 
faU  of  about  thirty  feet,  the  patient  coming  down  upon  the  bent  knee.  If 
the  Surgeon  has  not  at  hand  the  means  of  efficiently  carrymg  out  this  treat- 
ment, as  must  sometimes  necessai-ily  be  the  case  in  mihtary  practice,  immediate 
amputation  would  be  the  safest  plan  to  adopt. 

Necrosis  of  the  Patella  as  the  result  of  fracture  is  rare.  In  one  such 
case  which  was  under  my  care  at  the  Hospital,  the  patient,  a  middle-aged  man, 
had  met  with  an  ordinary  transverse  fracture  of  the  patella,  which  united  by 
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ligamcnfc  ;  two  years  after  the  accident,  and  without  any  fresh  injury,  he  came 
to  the  Hospi  al,  with  necrosis  of  tlie  outer  lialf  of  the  upper  fragment,  which 
was  completely  detached,  and  lying  in  a  cavity  shut  off  from  the  joint  I  cut 
clown  upon  and  removed  the  necrosed  fragment,  which  appeared  to  constitute 
al)out  one  quarter  of  tlie  patella.  No  cause  could  be  assigned  for  the  necrosis 
except  detective  vascular  supply  to  this  part  of  the  bone. 

Fractures  of  the  Bones  of  the  Leg.— Both  bones  of  the  leg  are  fre- 
quently broken  simultaneously,  the  fracture  of  the  fibula  being,  as  a  rule  at  a 
higher  level  than  that  of  the  tibia.    The  fracture  is  generally  situated' near 
the  junction  of  the  middle  and  lower  tliirds,  and  the  lower  fragments  are  in 
the  majority  of  cases,  drawn  upwards,  behind  the  upper,  by  the  action  of  the 
muscles  of  the  calf;  so  that  the  edge  of  the  tibia  projects  under  the  skin  and 
may  perforate  it.    In  certain  instances,  however,  the  direction  of  the  fracture 
IS  such  that  the  lower  fragment  rides  over  the  front  of  the  upper    The  tibia 
though  a  stronger  bone  than  the  fibula,  is  as  frequently  fractured,  owing  to 
Its  being  less  protected  from  blows  by  muscles,  and  receiving  more  directly 
all  shocks  communicated  to  the  foot.    The  fractures  of  the  upper  part  of  this 
bone  are  usually  transverse,  and  are  caused  by  direct  violence  :  those  of  the 
lower  part  are  obhque,  and  are  caused  by  indirect  violence.    In  these  cases 
the  obliquity  in  the  tibia  is  from  before  upwards  and  backwards,  and  this 
increases  the  tendency  of  the  lower  fragment  to  sKde  up  behind  the  upper. 
The  sharp  point  of  the  upper  being  in  front  is  very  apt  to  wound  the  skin 
When  both  bones  are  broken,  the  usual  signs  of  fracture,  such  as  shortenino- 
increased  mobility  at  the  seat  of  injury,  and  crepitus,  render  the  diagnosis 
€asy ;  but  when  one  bone  alone  is  broken,  it  is  not  always  a  very  Smple 
matter  to  determine  the  existence  of  the  fracture  ;  the  sound  bone,  actincr  as 
a  splint,  prevents  displacement,  and  keeps  the  limb  of  a  proper  length  tnd 
steady.    If  it  be  the  tibia  alone  that  has  been  broken,  the  fracture  °may  be 
•detected  by  running  the  finger  along  the  subcutaneous  edge,  until  it  comes  to 
a  point  that  is  somewhat  irregular,  puffy,  or  tender,  where  by  careful 
examination  some  mobihty  and  slight  crepitus  may  be  detected.    When  the 
fibula  alone  is  broken,  the  thick  layer  of  the  peroneal  muscles  overlying  its 
upper  two-thirds  renders  the  detection  of  the  fracture  difficult.  It°can 
usually  be  detected  by  pressing  the  fibula  firmly  towards  the  tibia,  when  the 
patient  will  complain  of  pain  at  the  seat  of  fracture,  and  at  the  same  time  a 
click  of  crepitus  may  be  felt  ;  by  shifting  the  point  of  pressure,  it  will  be 
ascertained  that  the  pain  is  always  at  the  same  spot.    In  the  lower  third,  the 
fi-acture  is  easily  recognized  by  the  same  signs  that  occur  in  fractured  tibia. 

The  first  step  in  the  Treatment  of  Simple  Uncomplicated  Fractures 
of  the  Leg  is  to  place  the  patient  in  a  comfortable  position  while  the  splints 
are  being  prepared.  This  is  done  by  flexing  the  hip  and  knee  and  laying  the 
limb  on  its  outer  side  with  a  soft  pillow  below  the  knee.  In  this  way  the 
muscles  of  tlie  calf,  Avhich  are  the  chief  cause  of  displacement,  are  relaxed. 
In  the  treatment  of  the  fracture  many  kinds  of  apparatus  have  been  used.  In 
the  majority  of  cases  where  there  is  but  little  displacement  and  swelling, 
ordinary  leg-splints  (Cline's,  well  padded,  are  extremely  convenient),  are 
readily  applied  and  keep  the  bones  in  good  apposition.  Those  may  be  kept 
on  for  the  fii-st  few  days  till  all  swelling  has  subsided,  when  they  may  be 
replaced  by  the  starched  or  plaster-bandages.  In  fracture  of  the  leg,  indeed, 
the  starched  baudage,  the  Bavarian,  or  Croft's  splint,  is  especially  applicable! 
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The  starched  bandage  should  be  applied  as  follows.  The  limb  having  been  well 
covered  with  wadding,  a  strong  soaked  pasteboard  spUut,  four  inches  broad, 
and  lono-  enough  to  extend  from  above  the  knee  to  six  or  eight  inches  beyond 
the  heeC  should  be  appUed  to  the  back  of  the  leg.  The  projeot'iug  terminal 
piece  is  now  to  be  turned  up  along  the  sole  of  the  foot,  and  two  lateral  strips 
adapted,  one  to  each  side  of  the  limb.    Over  this  the  starched  bandage,  single 


Fig.  251''.— Application  of  Seutin's  Pliei's  to  Starched  Bandage. 

or  double  according  to  the  size  of  the  limb,  must  be  tightly  applied.  After  it 
is  dry,  about  the  end  of  the  second  day,  it  must  be  cut  up  as  represented  in 
Fig.  251*,  and  re-adjusted,  and  the  patient  may  then  walk  on  crutches  with 
the  hmb  slung  in  front  of  him.  Arnold's  splint  is  another  apparatus  frequently 
used.    It  consists  of  a  back  splint  with  a  foot  piece  extending  from  just 


Fig.  252.— M'Intyre's  Splint,  modified  Ijy  Liston. 

tibove  the  knee  to  the  foot,  and  is  shaped  to  fit  the  calf.  Two  lateral 
splints  are  then  applied  and  the  whole  slung  in  a  cradle.  M'Intyre's 
splint  (Fig.  252)  will  be  found  of  great  service  in  the  earlier  periods,  if 
there  be  much  ecchymosis  or  extravasation,  as  it  keeps  the  limb  in  an  easy 
position,  and  allows  the  ready  apphcation  of  evaporating  lotions.  In  apply- 
ing this  splint  the  angle  at  which  the  knee  is  fixed  must  be  that  at  which 
the  projection  of  the' lower  end  of  the  upper  fi-agmcnt  seems  least  marked. 
The  foot  must  be  covered  with  a  flannel  sock,  well  sewn  on,  from  the  heel  of 
which  a  tape  passes  by  which  the  foot  can  be  slung  up  to  a  screw  in  the  foot- 
piece.    After  extension  has  been  made  I  prefer  to  pass  a  few  turns  of  a  roller 
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through  the  extension  shts  on  each  side,  so  as  to  close  the  space  beneath  the 
heel,  and  thus  prevent  the  foot  falling  backwards  if  the  suspension  hy  the  sock 
and  tape  should  yield.  The  splint,  as  originally  designed,  was  screwed  to  a 
block  (Fig.  2r»2),  but  it  will  be  found  to  give  much  more  perfect  rest  if  the 
whole  apparatus  is  swung  in  a  Salter's  cradle  (Fig.  253).  In  some  cases  of 
fracture  of  the  bones  of  the  leg  M'Intyre's  apparatus  is  not  applicable.  This 
is  more  particularly  the  case  when  the  fracture  is  very  oblique,  from  above 
downwai-ds,  and  from  before  backwards  ;  in  these  circumstances,  the  fraf- 
ments  cannot  be  brought  into  good  position  so  long  as  the  limb  is  kej)! 
extended  and  resting  on  its  posterior  surface  ;  the  Ijones  riding  considerably, 
and  one  or  other  of  the  fractured  ends  often  pressing  upon  the  skin  in  such' a 
way  as  to  threaten  ulceration.  In  these  cases  division  of  the  tendo  Achillis 
has  been  recommended,  with  a  view  of  removing  the  influence  of  muscular 


Fig.  253. — Salter's  Swing-cradle  for  Fractured  Leg. 


contraction.  This  appears  to  me,  however,  an  unnecessary  procedure,  and 
certainly  was  not  successful  in  some  cases  in  which  I  practised  it :  for 
although  the  tendon  was  exceedingly  tense,  only  temporary  benefit  resulted, 
the  displacement  returning  under  the  influence  of  the  other  muscles  inserted 
into  the  foot.  In  these  cases  the  bones  may  usually  be  brought  into  good 
position  by  flexing  the  thigh  weU  upon  the  abdomen,  and  the  leg  upon  the 
thigh,  and  then  laying  the  limb  on  its  outer  side  on  a  wooden  leg-splint,  pro- 
vided with  a  proper  foot-piece,  and  keeping  it  fixed  in  this  position.  In  most 
cases  the  swing-cradle  (Fig.  253)  will  be  found  a  useful  and  very  easy  apjia- 
ratus.  In  some  fractures  of  the  leg  in  the  upper  third,  the  lower  end  of  the 
upper  fragment  projects  considerably,  and  cannot  be  brought  into  proper 
position  so  long  as  the  knee  is  kept  bent ;  but  if  it  be  extended,  so  as  to  relax 
the  extensors  of  the  thigh,  the  bone  is  readily  brought  into  good  position. 
In  fractures  of  the  leg,  as  in  all  injuries  of  a  similar  kind,  no  one  plan  of 
treatment  should  be  adopted  exclusively,  but  the  means  employed  should  be 
varied  according  to  the  peculiarities  of  each  case. 

In  the  management  of  fractures  of  the  leg  anywhere  near  the  ankle  the 
foot  should  be  carefully  kept  as  nearly  as  possible  at  right  angles  to  the  leg. 
If  it  be  allowed  to  drop  so  that  the  toes  point  downwards,  the'stiffness  that 
always  follows  fracture  in  this  region,  will  fix  it  in  thatjDosition  for  some  time 
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after  the  fracture  is  united,  and  until  the  false  position  is  corrected  by  forcible 
flexion  and  rubbing,  the  patient  cannot  use  his  leg  for  walking. 

Period  of  Union. — The  time  at  which  all  artificial  support  may  be  dispensed 
with  is,  when  both  bones  are  broken,  8  weeks  ;  if  the  tibia  alone  is  fractured, 
7  weeks  ;  if  the  fibula  alone,  6  weeks. 

Complications  of  Simple  Fracture  of  the  Leg.— In  addition  to  the 
complications  common  to  all  fractures,  those  of  the  leg  are  occasionally 
attended  by  injury  to  the  main  vessels.  The  consequences  of  this  accident, 
and  its  treatment  have  been  already  discussed  (see  p.  547  et  seq.).  Yenous 
thrombosis  occurs  more  commonly  during  the  treatment  of  this  fracture  than 
in  any  other  (see  p.  550). 

Compound  Fractures  of  the  Tibia  are  of  more  frequent  occurrence  than 
similar  injuries  of  any  other  bone  in  the  body.  This  is  owing  to  the  thin 
covering  of  soft  parts  over  the  anterior  and  inner  aspect  of  the  bone,  and  to 
the  fact  of  the  fracture  being  usually  oblique  ;  so  that  the  sharply  pointed  end 
of  the  upper  fi-agment  is  liable  to  be  thrust  through 
the  integument,  when  the  lower  part  of  the  limb  falls 
backwards  as  the  injured  person  attempts  to  rise 
or  is  being  raised  from  the  ground.  The  fracture 
may  also,  of  course,  be  rendered  compound  by  the  same 
direct  violence  that  breaks  the  bone.  The  treatment 
must  be  carried  out  according  to  the  principles  given 
on  p.  547  et  seq.  Haemorrhage  from  one  of  the  main 
vessels  is  a  rare  complication  and  must  be  treated  ac- 
cording to  the  rules  laid  down  on  p.  556. 

Fractures  in  the  Vicinity  of  the  Ankle- Joint 
are  among  the  most  common  injuries  of  the  bones 
of  the  lower  extremity.  They  are  usually  occasioned 
by  twists  of  the  foot,  by  slipping  off  the  kerb,  by 
jumping  from  a  height  to  the  ground,  or  off  a  carriage 
in  rapid  motion.  They  are  usually  associated  with 
severe  strain,  or  even  dislocation,  of  the  ankle.  Twist 
of  the  foot  in  these  cases  must  not  be  confounded  with 
dislocation  of  the  ankle.  In  a  twist  the  foot  carries 
with  it  the  lower  fragments  of  the  leg-bones,  and  the 
malleolar  arch  in  a  more  or  less  perfect  state.  In  a 
dislocation,  the  foot  is  thrown  out  from  under  this 
arch.  The  twist  of  the  foot  is  almost  invariably  out- 
wards, with  the  inner  side  downwards  and  the  outer      Fig.  254 -Displacement  of 

'  •       •       1,  •       Bones  and  Foot  m  Pott  s 

edge  turned  up,  and  the  sole  usually  remains  m  this   Fractm-e.  (Richard.) 
direction,  though  not  always  to  the  extent  that  Du- 

puytren  states,  and  the  inner  malleolus  projects  under  the  skin.  Most  com- 
monly the  toes  are  turned  somewhat  outwards,  and  the -heel  inwards. 

Fractures  of  the  lower  ends  of  the  tibia  and  fibula  present  four  distinct 
varieties  in  degree. 

1.  The  fibula  may  be  broken  at  its  weakest  point,  two  or  three  inches  above 
:  the  malleolus  externus,  the  deltoid  ligament  being  either  stretched  or  torn. 

2.  The  fibula  may  be  fractured  about  three  inches  above  the  ankle,  the  tip 
<  of  the  malleolus  internus  being  splintered  oit"  as  well  (Fig.  254).  This  con- 
.'Stitutes  the  form  of  injury  called  Pott's  Fracture,  and  is  perhaps  the  most 
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common  fi-acture  in  this  situation.  It  very  frequently  Ijecomes  eompound, 
the  sharp  edge  of  the  root  of  the  inner  malleolus  cutting  through  tlie  skin  as 
the  foot  is  twisted  outwards, 

3.  The  fibula  may  be  fractured  about  three  inches  above  the  ankle,  and 
the  lower  end  of  the  tibia  at  the  same  time  may  be  splintered  off  in  an  oblique 
direction  from  without,  downwards,  and  inwards  (Fig. 

4.  The  internal  malleolus  may  alone  be  broken  off,  the  fibula  remaining 
sound,  but  one  of  the  divisions  of  the  external  lateral  ligament  being  torn 
thi'ough. 

The  Signs  of  these  fractures  vary  somewhat  according  to  the  bone  that  is 
injured.  When  the  fibula  alone  is  broken,  there  is  but  slight  displacement  of 
the  foot,  but  great  pain  and  much  swelling,  with  perhaps  indistinct  crepitus, 


Fig.  255.— Pott's  Fracture. 


Fis 


256. — Fracture  of  the  Lower  End 
of  the  Tibia  and  Fibula. 


and  iiTegularity  of  outline,  at  the  seat  of  fracture.  "When  the  lower  part  of 
the  fibula  is  broken,  pain  is  produced  at  the  fractured  part  by  squeezing  the 
bones  of  the  leg  together  at  a  point  distant  from  the  seat  of  injury.  If  the 
tip  of  the  inner  malleolus  be  broken  off"  as  well,  this  may  be  ascertained  by 
feeling  the  depression  above  the  detached  fragment.  In  these  cases  the 
crepitus  is  more  distinct,  and  the  displacement  of  the  foot  is  much  more 
marked,  the  sole  being  turned  somewhat  upwards  and  outwards,  and  the 
patient  resting  upon  its  inner  side.  This  peculiar  twist  of  the  foot  with  its 
outer  edge  turned  up,  -  and  the  inner  side  down,  is,  when  present,  a  most 
characteristic  sign  of  Pott's  fracture  ;  but  many  cases  occur  in  which,  although 
the  bones. are  broken  in  the  same  place,  the  peculiar  deformity  is  absent.  In 
those  cases  in  Avhich  the  lower  end  of  the  tibia  is  obliquely  sjiliutcred,  as 
well  as  the  fibula  broken,  there  are  not  only  the  ordinary,  signs  of  fracture, 
with  eversion  of  the  foot,-  but  the  malleoli  are  widely  separated,  giving  an 
appearance  of  increase  of  breadth  to  the  joint ;  crepitus  is  readily  felt,  and  a 
depression  can  be  perceived  corresponding  to  the  line  of  fracture. 

The  Treatment  of  these  cases  is  always  troublesome.  In  consequence  of 
the  SAvelling  and  inflammation  that  usually  occur,  it  is  often  almost  impossible 
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to  make  out  the  exact  extent  and  direction  of  the  fracture.  The  difficulty  of 
treatment  is  greatly  increased  by  the  small  size  and  short  leverage  afforded  by 
the  frao-ment's  ;  and  so  great  is  it,  that  in  some  cases  the  displacement  cannot 
be  completely  overcome  by  any  amount  of  skill  and  patience,  but  a  certain 


Fig.  257.— Rack-and-Pinion- Splint  for  Fracture  of  Lower  Third  of  Leg. 


degree  of  deformity  results,  leaving  a  weak  and  painful  joint,  the  mobility  of 
which  is  seriously  impaired. 

If  the  fracture  results  from  direct  violence,  there  will  be  a  good  deal  of 
swelling  ft-om  ecchymosis  and  inflammatory  exudation  ;  this  will  require  to  be 


Fig.  -iaS-.-Kack-and-Pinion-Leg-spliiit  applied  to  correct  Displacement  of  Foot  outwards. 

subdued  by  the  continuous  application  of  cold,  and  the  limb  should  be  laid  on 
a  splint.  If  there  be  but  little  swelling,  and  not  much  displacement  of  the 
foot,  the  treatment  may  best  be  conducted  by  the  immediate  apphcation  of 
the  starched  or  plaster-bandage.  When  there  is  too  much  swelling  for  this, 
but  no  twist  of  the  foot,  perhaps  the  best  treatment  is  to  put  the  limb  up  in 
lateral  leg-splints,  with  good  foot-pieces,  and  swing  it  in  a  cradle.  I  have 
found  the  splint.  Fig.  257,  a  very  useful  appliance  in  cases  of  fracture  of  the 
bones  of  the  leg,  one  or  both,  in  their  lower  third.    The  apparatus  consists  of 
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an  ordinary  leg-splint  cut  across  at  the  upper  part  of  the  lower  third,  the  two 
pieces  being  united  by  a  double  rack  and  pinion.  By  means  of  this  mechanism 
four  primary  movements  can  be  given  to  the  lower  ])art  of  the  splint,  by  which 
the  various  displacements,  that  are  apt  to  occur  in  fractures  in  this  situation, 
can  be  counteracted  and  corrected.  Thus  the  lower  end  of  the  splint  can  be 
moved  backwards  or  forwards,  outwards  or  inwards  (Fig.  257),  and  by  the 
combined  action  of  the  two  screws  a  compound  or  double  movement  may  be 
impressed  upon  the  lower  fragments  of  the  broken  bones.  It  is  in  cases  of  fracture 
of  the  lower  third  of  the  fibula,  with  displacement  outwards,  or  of  both  bones  low 
down  ^nth  tendency  to  displacement  backwards,  that  this  splint  will  be  found 
most  useful.  It  may  be  applied  to  either  side  of  the  leg,  as  seems  best  to  suit 
the  case  in  question.  Whatever  apparatus  is  used,  care  must  be  taken  to  keep 
the  foot  at  a  right  angle  with  the  leg.  If  the  toes  be  allowed  to  point,  it 
will  be  found  that  there  is  in  some  cases  a  tendency  for  the  astragalus  to 
roll  forwards,  as  it  were,  from  under  the  malleolar  arch.  In  other  instances, 
again,  one  of  the  sharp  angular  fragments  connected  Anth  the  bone  may  l)e 
pressed  forwards,  and  uniting  in  this  position,  give  rise  to  permanent 
deformity.  But  whatever  care  be  employed,  or  apparatus  appKed,  it  will  be 
found  impossible  in  some  cases  to  replace  one  of  the  thin  angular  fragments, 
if  it  become  twisted  on  its  axis,  and  project  sharply  under  the  skin. 


Fig.  259.— Application  of  Dupuytren's  Splint  in  Pott's  Fracture. 


If  the  foot  be  twisted  much  outwards,  as  often  happens  in  Pott's  fracture, 
Dupuytren's  splint  may  be  apphed  to  the  inner  side  of  the  limb,  to  coimteract 
the  displacement  (Fig.  259).  In  applying  the  apparatus,  three  points  require 
attention.  1.  The  pad  should  be  folded  double  at  the  lower  end,  and  not 
descend  below  the  upper  fragment,  so  as  to  form  a  fulcrum,  across  which  the 
foot  may  be  drawn  to  the  inner  side.  2.  The  bandage  should  be  applied  first 
to  the  upper  part  of  the  splint.  It  should  not  be  carried  above  the  knee,  but 
terminate  just  below  the  flexure  of  the  joint.  3.  The  knee  should  be  bent, 
so  as  to  flex  the  leg  on  the  thigh,  and  thus  relax  the  strong  muscles  of  the 
calf,  which,  by  drawing  up  the  heel,  and  causing  the  toes  to  point  downwards, 
ofifer  a  serious  obstacle  to  the  maintenance  of  the  foot  in  a  good  position.  ]\Iuch 
stilfness  is  always  left  after  union  has  taken  j^lace,  the  ankle  remaining  rigid, 
weak,  and  useless  for  a  long  time.  When  this  fracture  occurs  in  advanced 
life  the  mobility  of  the  ankle-joint  is  rarely,  if  ever,  regained,  and  lameness 
is  the  almost  inevitable  result,  due  partly  to  adhesions  in  the  sheaths  of  the 
tendons,  partly  to  some  slight  displacement  of  the  articular  surfaces.  In 
such  cases  wrenching,  followed  by  passive  motion,  douches  and  frictions  may 
do  much  to  restore  mobility. 

In  fractures  in  this  region,  when  the  malleolar  arch  is  split  thi'ough,  a 
peculiar  deformity  is  apt  to  result,  consisting  of  widening  of  the  lower  end  of 
the  leg  by  separation  of  the  malleoli.  The  astragalus  is  driven  upwards,  the 
shaft  with  the  inner  malleolus  projects  somewhat  to  the  inner  side,  Avhilst  the 
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outer  half  of  the  malleolar  arch  is  carried  outwards  with  the  lower  end  of  the 
fibula.    The  transverse  line  between  the  malleoli  is  increased  by  half  an  inch. 

Fracture  of  the  Internal  and  External  Malleolus  occasionally  takes 
place,  with  great  displacement  of  the  foot  backwards.  It  most  frequently 
occurs  from  catching  the  heel  in  running  down  stairs.  The  displacement 
backwards  is  sometimes  not  very  evident,  as  the  malleoU  having  gone  back 
with  the  bones  of  the  tarsus,  the  appearances  are  very  deceptive,  and  the 
patient  may  thus  be  left  with  the  toes  pointed  down  and  an  almost  useless 
foot.  It  is  a  good  rule  in  every  case  of  fracture  near  the  ankle  to  look 
specially  for  displacement  backwards,  even  if  there  appear  at  first  sight  to  be 
none,  as  it  is  not  uncommonly  overlooked. 

Treatment— This  displacement  may  be  treated  by  the  appUcation  of  one  of 
the  jointed  spUnts  above  mentioned  (Fig.  257),  or  should  that  fail,  Syme's 
anterior  splint  may  be  used.  This  is  a  straight  splint,  long  enough  to  reach 
from  the  head  of  the  tibia  to  below  the  foot  ;  its  lower  extremity  is  cut  out 
into  a  deep  horse-shoe-shaped  notch,  wide  enough  to  take  the  instep  between 
the  two  prongs.  It  must  be  padded  by  a  double  pad,  made  of  two  rolls  of 
cotton-wool  in  calico  ;  these  must  lie  one  on  each  side  of  the  spine  of  the  tibia 
to  protect  it  from  pressure.  The  sphnt  is  then  firmly  bandaged  to  the  anterior 
aspect  of  the  leg,  and  the  foot  is  drawn  forward  by  bandages  passing  round  the 
prongs  and  under  the  heel,  the  heel  being  protected  by  a  thick  soft  pad. 

Compound  Fracture  into  the  Ankle-joint  is  necessarily  a  dangerous 
accident.  In  this  injury,  the  edge  of  the  fractured  bone  cuts  through  the  in- 
tegament  by  apparently  a  clean  and  simple  wound,  but  the  subjacent  areolar 
tissue  is  often  widely  torn,  and  the  deep-seated  mischief  may  be  far  more 
extensive  than  the  Surgeon  would  be  led  to  expect  from  the  appearance  of  the 
external  wound.  When  the  wound  is  made  by  the  sharp  edge  of  the  root  of 
the  malleolus,  as  soon  as  the  foot  is  replaced  and  the  tension  on  the  skin 
caused  by  the  eversion  is  relaxed,  the  opening  no  longer  corresponds  to  the 
seat  of  fi-acture,  and  consequently,  if  decomposition  of  the  discharges  takes 
place  and  the  joint  becomes  filled  with  septic  matter,  there  is  no  efficient 
means  of  di'ainage,  and  suppuration,  with  great  tension  and  deep  burrowing 
of  pus,  ensues ;  the  ankle-joint  is  destroyed  and  secondary  amputation  often 
becomes  necessary.  The  injury,  however,  is  usually  recovered  from  with  a  good 
and  useful  limb  when  the  patient  is  young  and  of  sound  constitution,  and 
the  dangers  of  inflammation  and  suppuration  are  guarded  against  by  the 
establishment  of  good  di-ainage,  by  the  prevention  of  decomposition,  and  by 
perfect  rest.  As  age  advances,  however,  and  the  constitution  becomes  broken, 
less  is  to  be  expected  from  conservative  surgery. 

In  the  Treatment,  the  course  to  be  pursued  will  depend  upon  the  extent  of 
the  injury.  If  the  fracture  be  not  much  comminuted,  the  wound  in  the  soft 
parts  clean  cut  and  but  moderate  in  extent,  and  the  large  vessels  of  the  foot 
uninjured,  an  attempt  should  be  made  to  save  the  Hmb.  The  wound  and  the 
joint  must  be  carefully  cleaned  with  an  eflBcient  antiseptic.  If  it  is  evident 
that  the  drainage  is  insufficient  the  wound  may  be  enlarged  in  such  a  way  as 
to  provide  an  efficient  exit  for  the  discharges  from  behind  the  malleolus  ;  any 
splintered  fragments  must  be  removed  and  the  wound  left  open  to  heal  by 
granulation,  some  form  of  antiseptic  dressing  being  applied.  The  limb  must 
be  firmly  fixed  on  a  splint ;  as  a  rule  a  lateral  sphnt  applied  to  the  side  opposite 
the  wound  will  be  found  the  most  convenient.    If  the  wound  is  on  the  inner 
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side,  as  it  almost,  always  is,  the  limb  must  be  flexed  and  laid  on  its  outer  side  ; 
should  it  be  on  the  outer  side  it  may  bo  swung  in  a  Salter's  cradle. 

If  there  be  great  comminution  of  bone,  with  dislocation  of  the  foot,  aud 
perhaps  rupture  of  the  posterior  tibial  artery,  in  a  person  at  or  above  the 
middle  period  of  life,  amputation  should  be  practised.  In  a  young  subject, 
even  such  a  serious  injury  as  this  may  be  recovered  from,  if  the  Suigeon 
remove  loose  fragments  and  saw  off  the  splintered  ends  of  the  bone. 

If  much  of  the  fibula  should  require  removal,  Stromeyer  has  recommended 
that  the  limb  be  amputated  instead,  lest  a  useless  foot,  affected  with  a  kind  of 
valgus,  be  left.  But,  in  children  and  young  subjects,  this  inconvenience  and 
defomiity  may  be  overcome  by  mechanical  means  ;  and  the  probability  of  its 
occurrence  would  not,  in  my  opinion,  justify  amputation. 

In  badly  set  fractures  near  the  ankle-joint,  great  deformity  with  much 
impairment  of  use  of  the  foot  may  result.    In  these  cases  the  inner  malleolus 

will  be  found  to  project  greatly,  the  fibula  to  be  curved 
inwards  above  its  lower  third,  so  as  to  form  a  con- 
cavity above  the  external  malleolus,  and  the  foot  to 
be  turned  somewhat  outwards  (Fig.  260).  I  have 
in  two  such  cases  succeeded  in  removing  the  de- 
.||  f ormity  to  a  considerable  extent,  even  after  so  lengthened 
a  period  as  two  years,  by  dividing  the  fibula  subcu- 
taneously  with  a  narrow-bladed  saw  at  the  seat  of 
greatest  concavity,  forcibly  adducting  the  foot,  and 
then  putting  up  the  fracture  in  a  Dapuytren's  splint. 

Feactuees  of  the  Bones  of  the  Foot  almost 
invariably  result  from  direct  violence,  and  are  usually 
accompanied  by  bruising  and  injury  of  the  soft  parts  : 
hence  much  displacement  is  rare,  and,  when  the  fracture 
is  simple,  rest  and  position  alone  are  necessary.  Com- 
pound fractures  of  the  tarsal  or  metatarsal  bones,  at- 
tended by  much  bruising  and  laceration,  usually  re- 
quire partial  removal  of  the  foot,  disarticulation  at 
the  ankle-joint,  or  amputation  in  the  lower  third  of 
the  leg,  according  to  the  extent  and  severity  of  the 
injury. 

The  Calcaneum  may  be  broken  by  direct  violence, 
as  when  a  person  jumping  from  a  height  alights  forcibly  on  his  heel,  and  thus 
fractures  the  bone.  In  this  way  the  bone  may  be  simply  broken  across  in 
front  of  the  ligaments  without  displacement.  I  have,  however,  seen  both 
calcanea  shattered  to  pieces,  in  the  case  of  a  lady,  who  falling  from  a  window 
on  the  third  story,  alighted  on  her  heels.  In  some  rare  cases,  by  the  powerful 
contraction  of  the  muscles  of  the  calf,  the  posterior  part  of  the  os  calcis  is 
torn  away  from  the  rest  of  the  bone. 

Sif/ns. — When  the  os  calcis  is  broken  through  at  the  posterior  part  Ixjhind 
the  insertion  of  the  lateral  ligaments,  the  detached  fragment  will  be  drawn  up 
by  the  action  of  the  strong  muscles  of  the  calf.  But  when  the  fracture  occurs 
across  the  body  of  the  bone,  no  dis[)lacement  can  take  place,  owing  to  the  lateral 
and  intei'osseous  ligaments  keeping  the  posterior  fragment  in  position,  and  pre- 
venting its  l)eing  di'awn  away. 

In  the  first  form  of  fracture,  the  pain,  swelling,  flattening  of  the  heel,  and 


Fig.  260.— Eartly  set  Pott's  Frac 
ture,  tau'at)le  by  operation. 
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prominence  of  the  malleoli,  indicate  the  nature  of  the  injury,  even  though 
crepitus  be  wanting.  In  the  second  variety,  the  mobility  of  the  fragment,  and 
its  projection  posteriorly  owing  to  the  action  of  the  muscles  of  the  calf,  point 
to  the  existence  of  the  fracture,  which  is  confirmed  by  the  occurrence  of 
crepitus. 

In  the  Treatment  of  these  injuries,  keeping  the  part  fixed  by  means  of 
bandages  and  splints,  with  due  attention  to  the  relaxation  of  the  muscles 
attached  to  the  tendo  Achillis,  by  flexing  the  leg  and  extending  the  foot,  is  all 
that  can  be  done.  In  the  separation  of  a  small  fragment  by  muscular  action, 
union  will  probably  take  place  by  fibrous  tissue,  but  in  other  cases  by  bone. 

The  Astragalus  alone  is  rarely  broken.    Ten  cases  of  this  injury  have  been 
collected  by  Monahan  :  in  nine  the  fracture  occurred  from  falls  from  a  height 
on  the  foot ;  in  one  only  from  direct  violence.    I  have  seen  two  cases  of 
fracture  of  the  astragalus  without  implication  of  the  other  tarsal  bones.  In 
one  case  it  was  the  result  of  direct  violence ;  a  cart-wheel  passing  over  the 
foot  occasioned  a  fracture  of  the  astragalus  through  its  neck.    There  was  no 
material  displacement,  but  the  line  of  fracture  could  be  readily  felt,  and 
crepitus  was  very  distinctly  elicited  on  flexing  and  extending  the  foot.  No 
better  treatment  can  be  adopted  in  such  a  case  than  the  starched  or  plaster- 
bandage.    In  the  other  case  the  fracture  was  the  result  of  indirect  violence, 
the  patient,  a  man  about  30  years  of  age,  falling  from  a  height  of  about  eight 
yards,  and  ahghting  on  his  feet.    Here  the  fracture  was  evidently  occasioned 
by  the  malleolar  arch  being  forcibly  driven  downwards  on  the  foot,  so  that  the 
astragalus  was  broken  transversely  just  in  front  of  the  surface  that  articulates 
with  the  tibia — the  line  of  fracture  running  obliquely  downwards  and  back- 
wards, so  that  the  whole  of  the  upper  and  posterior  part  of  the  bone  was 
detached.    This  large  fragment  was  driven  outwards  and  backwards,  so  as  to 
he  between  the  flbula  and  the  tendo  Achillis,  lacerating  the  skin  to  the  extent 
of  about  one  inch  longitudinally,  and  projecting  through  the  opening  thus 
made.     The  foot  presented  a  singular 
degree  of  deformity,  which  is  represented  , 
in  the  annexed  figure  (Fig.  261).    The        /'  /•'' 
outer  malleolus  projected  greatly  ;  and 
immediately  behind  this  the  displaced 
fragment  could  be  felt  and  seen  partially 
protruding  through  the  rent  in  the  skin. 
The  inner  malleolus  was  depressed  ;  there 
was  a  deep  hollow  below  this.    The  os 
calcis  was  apparently  turned  somewhat 
towards  the  inner  side  of  the  foot.  The 
sole  was  arched,  the  skin  much  wrinkled, 
and  the  great  toe  forcibly  flexed.  There 
was  a  deep  transverse  furrow  in  front 
of  the  ankle-joint.    Seeing   the  hope- 
lessness of  reduction,  or  rather  the  impossibility  of  maintaining  the  dis- 
placed fragment  in  position,  I  enlarged  the  opening  through  which  it  showed 
itself,  and  then,  seizing  it  with  sti'ong  forceps,  twisted  it  out,  dividing 
the  ligamentous  connexions.    The  case  was  then  treated  as  one  of  compound 
dislocation  of  the  ankle-joint.    About  a  month  after  the  accident,  the  patient 
died  of  pyjEmia ;  and  it  was  then  found  that  the  anterior  portion  of  the 


Fi"  261.— Coiniiiinuted  Fracture  of  Astragalus. 
°  Dlsi)laceuient  backwards. 
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astragalus  had  been  splintered  into  seven  fragments,  wliich  were  retained  in 
place  by  the  j^ressure  of  the  surrounding  parts.  No  other  bone  of  the  tarsus 
was  injured,  nor  was  the  malleolar  arch  fractured.  Of  this  splintering  of  the 
anterior  fragment,  there  was  no  evidence  during  life ;  nor  was  there  any  reason 
to  suspect  it,  as  there  was  neither  crepitus  nor  displacement.  The  extent  of 
the  fracture  shoNved  the  immense  force  with  which  the  malleolar  arch  had  been 
driven  downwards  on  the  astragalus  by  the  weight  of  the  patient's  body. 

The  only  similar  case  with  which  I  am  acquainted  is  one  recorded  by  Moms, 
In  this  the  displaced  fragment  did  not  occasion  a  wound  of  the  integument. 
It  was  excised  owing  to  the  impossibility  of  reducing  it ;  but  the  anterior  part 
of  the  astragalus  \vhich  was  left  fell  into  a  state  of  caries,  which  spread  to  the 
other  tarsal  bones,  rendering  amputation  of  the  foot  necessary. 

The  other  tarsal  bones  are  but  very  rarely  fractured,  except  in  crushes  or 
gun-shot  injuries  of  the  foot.  The  Scaphoid  I  have  once  seen  fractured  by  a 
fall.  It  was  in  the  case  of  a  man  who  fell  down  the  shaft  of  a  lift  at  an  hotel, 
about  60  feet  deep,  receiving  injuries  to  the  chest  and  spine  that  eventually 
killed  him.  He  appeared  to  have  alighted,  in  the  first  instance,  on  the  right 
foot,  the  OS  calcis  of  which  was  extensively  fractured,  and  the  scaphoid  broken 
across  without  displacement,  the  astragalus  being  uninjured. 

In  all  cases  of  fracture  of  the  tarsal  bones,  whether  simple  or  compound, 
with  so  much  displacement  as  to  render  reduction  difficult  and  its  mainten- 
ance impossible,  the  best  course  to  be  pursued  is  to  cut  down  upon  and 
remove  the  displaced  fragment. 

Fracture  of  the  Metatarsal  Bones  usually  occurs  fi-om  direct  violence, 
as  by  the  passage  of  the  wheel  of  a  cart  or  railway  carriage  over  the  foot, 
and  is  then  attended  with  so  much  laceration  and  bruising  of  the  soft  parts 
as  not  unfrequently  to  render  amputation  necessary.  1  have  in  one  instance 
known  the  three  outer  metatarsal  bones  broken  by  a  person  jumping  ft-om 
a  height.  But  most  commonly  their  elasticity  saves  them,  and  the  ankle- 
joint  gives  way  in  such  an  accident.  There  is  but  httle,  if  any,  displacement 
in  these  cases  ;  and  unless  the  soft  parts  be  so  damaged  as  to  require 
amputation,  the  support  of  a  starched  or  plaster-bandage  is  usually  all  the 
treatment  that  is  necessary. 
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DISLOCATIONS. 

By  a  Dislocation  is  meant  the  more  or  less  sudden  and  complete  displace- 
ment of  one  of  the  bony  structures  of  a  joint  from  the  other.  In  the  ball 
and  socket  joints,  as  the  hip  and  shoulder,  the  osseous  structures  may  be 
completely  separated  from  one  another,  the  dislocation  then  being  Complete. 
In  the  hinge-joints,  as  the  elbow  and  knee,  the  osseous  surfaces  commonly 
remain  partially  in  contact,  though  displaced  from  their  normal  relations  to 
one  another  :  here  the  dislocation  is  Incomplete.  In  most  dislocations  the 
integuments  covering  the  displaced  bones  are  put  greatly  on  the  stretch  ;  but 
in  some  they  are  ruptured,  and  then  the  dislocation  is  Compound.  Besides 
these  varieties.  Surgeons  recognize  Spontaneous  dislocation,  in  which  the 
displacement  does  not  occur  from  external  violence.  In  other  cases  again,  the 
dislocation  arises  from  Congenital  malformation  of  the  joint,  in  consequence 
of  which  the  bones  cannot  remain  in  proper  apposition  ;  and  finally, 
dislocation  may  take  place  slowly  and  gradually  as  a  result  of  disease  in 
the  articulation  and  surrounding  tissues.  This  is  termed  pathological 
dislocation. 

It  is  customary  nowadays  to  describe  dislocations  of  the  distal  bone  or  the 
more  movable  bone  ;  formerly,  dislocation  of  the  proximal  bone  was  often 
spoken  of. 

Causes.— Dislocation  is  Predisposed  to  by  various  conditions,  amongst 
which  the  nature  of  the  joint  appears  to  exercise  most  influence  ;  ball  and  socket 
joints  being  more  Uable  to  dislocation  than  any  of  the  other  articulations, 
whilst  in  some  of  the  synchondroses  it  never  occurs.  Kronlein  states  that 
61  per  cent,  of  all  dislocations  occur  at  the  shoulder-joint,  27  per  cent,  at  the 
elbow,  and  2  per  cent,  at  the  hip.  These  statistics  have  been  obtained  from 
the  combined  records  of  the  in-  and  out-patient  practice  of  the  hospitals  in 
Berlin,  whereas  those  published  by  Malgaigne  and  some  others  have  been 
derived  from  in-patient  practice  only,  and  are  consequently  very  erroneous. 

Dislocations  are  seldom  met  with  in  children,  in  whom  separation  of  the 
epiphysis  from  the  shaft  more  readily  takes  place.  When  they  do  occur  it  is 
most  frequently  at  the  elbow-joint.  Kronlein  states  that  out  of  400  disloca- 
tions treated  in  the  hospitals  at  Berlin,  22  were  met  with  in  this  situation  in 
children  under  ten  years  of  age.  I  have  had  under  my  care  a  child,  just  one 
year  old,  with  dislocation  of  the  head  of  the  femur  on  the  os  pubis,  occasioned 
by  another  older  child  dragging  it  along  the  ground  by  its  leg  ;  Kirby  and 
Madge  have  both  seen  dislocations  of  the  femur  on  the  dorsum  ilii  in  children 
of  three  and  three  and  a  half  years  old  ;  and  Travers  has  seen  the  hip  dis- 
located in  a  boy  five  years  of  age.  In  old  people  the  bones  are  so  brittle,  and 
the  hgaments  so  tougli,  that  violence  causes  fracture  rather  than  dislocation. 
Hence  it  is  principally  in  young  and  middle-aged  subjects  that  dislocations 
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are  met  with.  This  is  well  illustrated  by  an  analysis  of  84  cases  of  disloca- 
tion of  the  hip-joint,  collected  by  Hamilton  :  of  these,  15  occurred  under  1.0 
years  of  age,  82  between  15  and  30,  2!)  between  80  and  45,  and  8  between  45 
and  85.  They  are  necessarily  far  more  common  in  men  than  in  women,  from 
the  nature  of  their  I'espective  occupations.  Thus,  according  to  Hamilton,  of 
115  dislocations  of  the  hip,  only  11  occurred  in  women. 

The  articular  ends  of  the  bones  of  the  extremities  are  kept  in  their  proper 
positions  by  the  arrangement  of  the  osseous  and  ligamentous  structures  of  the 
joints,  aided  by  the  continuous  tension  of  the  muscles  ;  and  considerable  ex- 
ternal violence  may  be  applied  to  a  limb  without  dislocating  it.  If,  however, 
the  muscles  be  taken  by  surprise,  or  if  they  have  been  weakened  l)y  prcA'ious 
injury  of  any  kind,  the  joint  becomes  predisposed  to  dislocation,  and  may  be 
displaced  under  the  influence  of  very  slight  causes  ;  especially  if  it  he  one  in 
which  the  articulating  surface  is  shallow  and  the  ligaments  are  comparatively 
weak.  In  this  way  the  same  joint  may  be  repeatedly  dislocated.  Thus  I  have 
seen  a  man  whose  humerus  had  been  dislocated  between  forty  and  fifty  times, 
owing  to  a  weakened  state  of  the  deltoid. 

The  Direct  Causes  of  Dislocation  are  exieriial  violence  and  muscular 
action.  External  violence  may  act  directly  upon  a  joint,  forcing  or  twistin- 
the  articular  ends  asunder,  as  happens  when  the  foot  is  displaced  by  a  twist  ol' 
the  ankle,  or  when  the  thumb  is  dislocated  backwards  by  a  blow.  But  more 
commonly  the  force  acts  at  a  distance  from  the  joint  that  is  displaced,  and  the 
head  of  the  bone  is  thrown  out  of  its  socket  by  "  the  lever-like  movement  of 
the  shaft,"  as  happens  when  the  head  of  the  humerus  is  dislocated  by  a  fall  on 
the  hand,  or  when  the  head  of  the  femur  is  dislocated. 

Muscular  action  alone  may  cause  the  dislocation  of  a  bone,  even  though  the 
part  be  previously  in  a  sound  state.  Thus,  the  lower  jaw  has  been  dislocated 
by  excessive  gaping,  and  the  humerus  by  making  a  violent  muscular  eflFort. 
If  the  joint  have  already  been  weakened  by  previous  injury  or  disease,  muscular 
action  is  especially  apt  to  occasion  its  displacement.  Congenital  dislocations 
have  been  supposed  to  arise  from  irregular  muscular  contractions  in  the  foetus, 
by  which  the  bones  are  disijlaced,  and  the  normal  development  of  the  joint  is 
interfered  with.  In  dislocations  of  the  ball-and-socket  joints,  after  the  head 
of  the  bone  has  been  thrown  out  of  its  articular  cavity,  it  is  often  still  further 
displaced  by  the  contraction  of  the  muscles,  which  continues  until  they  have 
shortened  themselves  to  their  full  extent,  or  until  the  dislocated  bone  comes 
into  contact  with  some  osseous  prominence  that  prevents  its  further  displace- 
ment. 

Signs. — The  existence  of  a  dislocation  is  rendered  evident  by  the  change  in 
the  shape  of  the  joint,  and  in  the  relation  of  the  osseous  jn'omincnces  to  one 
another  :  by  the  articular  end  of  the  displaced  bone  being  felt  in  a  new 
position  ;  and  by  an  alteration  in  the  length  of  the  limb,  and  in  the  direction 
of  its  axis.  Besides  this,  there  are  impaired  motion,  both  active  and  jmssive, 
of  the  injured  articulation,  and  pain  in  and  around  it.  It  should,  however, 
be  borne  in  mind  that  fracture  may  exist  with  the  dislocation  ;  hence  the 
mobility  may  be  increased.  In  examining  a  patient  for  a  supposed  dislocation 
the  Surgeon  should  never  fail  to  compare  the  injured  joint  with  that  on  the 
other  side  of  the  body. 

Effects. — The  effects  of  dislocation  on  the  structure  of  a  joint  are  always 
serious.    The  bones  are  occasionally  ft-actured  as  well  as  displaced,  more  parti- 
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cularly  in  liiuge-joiuts  :  the  cartilages  may  be  injured  ;  and  the  hgaments  are 
always  much  stretched  and  more  or  less  extensively  torn,  the  capsule  ot  the 
ioint  suffering  especially.  This  is  always  torn  by  the  pressure  of  the  head  0 
the  bone  in  dislocation  of  ball-and-socket  joints  :  in  those  of  hmge-jomts,  it 
may  escape.  The  situation  of  the  sht  in  the  capsule  is  of  great  importance 
in  reference  to  reduction.  It  commonly  occurs  in  the  shoulder  towards  the 
attachment  around  the  glenoid  cavity  ;  in  the  hip,  as  Busch  has  pointed  out, 
at  the  acetabular  margin.  In  many  cases,  the  muscles  and  tendons  m  the 
immediate  neighbourhood  are  lacerated  as  well  as  displaced,  and  the  vessels 
and  nerves  compressed.  The  skin  is  commonly  stretched,  and  sometimes 
ruptured,  when  the  dislocation  becomes  compound.  If  the  dislocation  be 
simple,  and  if  reduction  be  speedily  effected,  the  injuries  are  soon  repaired  ; 
and  although  a  good  deal  of  stiffness  may  continue,  the  functions  ot  the  joint 
are,  in  general,  not  permanently  interfered  with. 

If  the  dislocation  be  left  unreduced,  important  changes  take  place  withm 
and  around  the  joint,  in  the  bony  structures,  the  ligaments  capsule,  and 
muscles.    The  changes  in  the  bony  structures  are  very  slow,  dittermg  in  tnis 
respect  materially  in  ordinary  traumatic  dislocations,  from  what  takes  place  111 
a  joint  that  has  been  dislocated  as  the  result  of  disease.    If  the  articulation  be 
of  the  ball-and-socket  kind,  as  the  shoulder  or  hip,  the  cavity  undergoes  very 
gradual  changes  in  outline  and  depth  ;  its  circumference  becomes  contracted, 
less  re^^ular,  more  angular,  and  the  hollow  eventually  becomes  shallower,  ihese 
changes  are  so  slow  in  the  adult,  that  a  year  or  more  will  elapse  before  they  have 
gone  on  to  such  a  degree  as  to  prevent  the  displaced  head  of  the  bone  from  being 
put  back.    In  children  and  young  people  they  are  more  rapid  and  complete, 
and  the  cavity  fills  up  with  a  dense  fibrous  tissue.    In  the  hinge-jomts,  the 
articular  ends  of  the  displaced  bones  become  altered  in  shape— flattened  or 
angular,  with  the  osseous  projections  less  strongly  marked.    The  incrusting 
cartilage  is  graduaUy  absorbed,  and  the  bone  smoothed.    The  hgaments  are 
shortened  and  wasted  ;  and  a  false  joint  forms  around  the  articular  end  of  the 
bone  in  its  new  situation.    In  some  cases,  the  bone  upon  which  the  dislocated 
head  rests  becomes  depressed  into  a  shaUow  cup-shaped  cavity,  so  as  to  receive 
it ;  in  others  the  depression  is  formed  by  the  elevation  of  a  rim  of  caUus  upon 
the  adjacent  bone  ;  and  in  both  instances  the  areolar  tissue  in  the  neighbour- 
hood becomes  consohdated  into  a  fibrous  capsule  surrounding  and  fixing  the 
bone  in  its  new  situation,  and  usually  permitting  but  a  limited  degree  of 
motion.    The  soft  structures  that  have  been  lacerated  at  the  time  of  the  dis- 
location become  matted  together  by  cicatricial  fibrous  tissue  ;  the  muscles 
shorten,  and  at  last  undergo  fatty  degeneration  if  the  position  of  the  limb  is 
such  that  it  is  incapable  of  movement.    The  neighbouring  vessels  and  nerves 
may  become  attached  to  the  new  joint,  or  their  sheaths  become  incorporated 
with  the  altered  structures  in  contact  with  them.  1  •  j  • 

Treatment.— In  the  treatment  of  dislocations,  the  first  and  principal  indi- 
cation is  to  replace  the  bone  in  its  normal  situation  as  speedily  as  possible. 
In  doing  this,  the  Surgeon  has  two  great  difficulties  to  overcome  :  1,  the 
contraction  of  the  muscles  of  the  part ;  and,  2,  the  resistance  arising  from 
the  anatomical  structure  of  the  joint  and  the  laceration  of  the  capsule. 

1.  One  great  obstacle  to  reduction  in  most  dislocations  is  the  tonic  con- 
traction of  the  muscles  inserted  into  or  below  the  displaced  bones  ;  and  in  the 
reduction  of  the  dislocation  the  Surgeon's  efforts  are  partly  directed  to  over- 
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come  this.  The  amount  of  resistance  due  to  muscular  contraction  may  be 
measured  by  the  effects  produced  by  an^esthetiziug  the  patient.  So  much  of 
the  resistance  as  is  overcome  by  putting  the  patient  under  the  influence  of 
ether  or  chloroform,  is  due  to  muscular  contraction.  All  that  which  continues 
alter  this,  is  due  to  purely  mechanical  causes  connected  with  the  arrangement 
of  the  osseous  and  ligamentous  structures  of  the  joint,  or  with  the  injury 
inflicted  on  them.  The  resistance  offered  by  the  muscles  is  of  several  different 
kmds,  and  is  dependent  on  different  causes.  The  influence  exercised  by  the 
patient's  will,  and  the  tonic  contraction  or  passive  force  exerted  by  the 
shortened  and  displaced  muscles,  undoubtedly  often  offer  great  obstacles  to 
reduction.  But  more  serious  than  these  by  far  is  the  reflex  or  spasmodic 
action,  which  the  patient  is  unable  to  control,  and  which  can  be  overcome  only 
by  force,  by  faintness,  or  by  the  paralysing  influence  of  anaesthetics.  The 
longer  the  dislocation  is  left  unreduced,  the  more  powerful  does  the  resisting 
force  become ;  being  less  at  the  moment  of  the  accident  and  immediately  after- 
wards, than  at  any  subsequent  period.  Hence  reduction  should  be  attempted 
as  soon  as  possible  after  the  occurrence  of  the  accident ;  and,  if  the  patient 
be  seen  at  once,  the  bone  may  sometimes  be  replaced  without  much  difiiculty 
by  the  unaided  efforts  of  the  Surgeon.  Thus  Listen  reduced  a  dislocated  hip 
by  his  own  endeavours  immediately  after  the  accident  occurred.  If  a  few  hours 
have  elapsed,  the  muscular  tension  becomes  so  great  that  special  measures  must 
be  adopted  in  order  to  diminish  it  ;  and  if  some  weeks  or  months  have  been 
allowed  to  pass  by,  the  dislocation  may  have  become  irreducible,  partly  owing 
to  permanent  secondary  shortening  of  the  muscles,  which  it  is  impossible  to 
overcome,  but  chiefly  to  the  matting  together  of  the  surrounding  tissues,  and 
the  formation  of  adhesions  about  the  head  of  the  bone.  The  muscular 
resistance  is  greatest  when  an  attempt  is  made  at  reduction  by  forcible 
traction  in  the  direction  of  the  longitudinal  axis  of  the  limb,  and  parallel  to 
the  course  of  the  muscles. 

In  the  reduction  of  a  recent  dislocation,  advantage  may  sometimes  be  taken 
of  the  occurrence  of  faintness,  or  of  the  patient's  attention  being  distracted  to 
other  matters,  the  muscles  being  then  taken,  as  it  were,  by  surprise,  and  the 
bone  readily  slipping  into  its  place.  Such  aids  as  these,  however,  cannot  be 
depended  upon ;  and  muscular  relaxation  should  be  induced  by  the  administra- 
tion of  chloroform  or  ether.  By  these  agents,  the  muscles  of  the  strongest 
man  may  be  rendered  so  perfectly  flaccid  in  a  few  minutes  as  to  offer  no 
opposition  whatever  to  reduction.  In  no  department  of  practiced  surgery  has 
the  administration  of  antesthetic  agents  been  attended  by  more  advantageous 
results  than  in  this. 

2.  The  reduction  of  dislocations  is  impeded  also  by  the  mechanical  resist- 
ance arising  from  the  anatomical  structure  of  the  joint  and  its  ligaments.  The 
observations  of  Bigelow,  Busch,  and  others  have  proved  that  this  impediment 
to  reduction  is  of  more  importance  than  was  formerly  supposed.  Bigelow 
has  shown  by  dissection  of  dislocations  of  the  hip,  produced  in  the  dead  body, 
that  the  characteristic  attitude  of  the  limb  and  the  difficulty  of  reduction  are  due 
to  the  tension  of  the  unruptured  parts  of  the  capsule  and  its  accessory  bands 
consequent  upon  the  abnormal  position  of  the  head  of  the  bone,  and  thus  it 
is  not  until  these  are  relaxed,  by  placing  the  limb  in  the  proper  position,  that 
reduction  can  be  accomplished.  Jiusch  has  shown  that  the  same  is  true  of  the 
shoulder- joint,  the  characteristic  position  of  the  chief  forms  of  dislocation  being 
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maiutaiued  when  the  whole  of  the  soft  parts  have  been  removed  except  the 
h'gaments.  If  the  hgaments  are  more  extensively  torn,  the  limb  falls  into 
positions  qnite  different  from  those  ordinarily  set  forth  in  descriptions,  giving 
rise  to  those  rare  displacements  which  Bigelow  has  classed  as  irregular  dis- 
locations. 

In  other  cases,  the  head  of  the  bone  may  be  grasped  by  the  edges  of  the 
rent  in  the  capsule  through  which  it  has  passed,  and  reduction  is  almost  im- 
possible till  the  hmb  is  placed  in  such  a  position  as  to  relax  them  thoroughly. 
In  hinge-joints,  the  bony  processes  may  get  locked  into  each  other,  as,  for 
example,  in  dislocation  of  the  bones  of  the  forearm  backwards,  when  the 
coronoid  process  hitches  against  the  lower  end  of  the  humerus.  The  false 
position  is  then  maintained  chiefly  by  the  tonic  contraction  of  the  muscles. 

Bearing  these  facts  in  mind,  the  reduction  of  a  dislocation  is  effected  by 

the  following  means  : — 

Mechanical  contrivances  are  much  less  frequently  used  for  the  reduction 
of  dislocation  since  the  employment  of  anaesthetics  than  formerly.  It  is,_ how- 
ever, occasionally  necessary  to  employ  apparatus  calculated  to  fix  the  articular 
surface  from  which  the  bone  is  dislocated,  and  to  draw  down  or  disentangle  the 
displaced  bone  to  such  an  extent  that  it  may  be  replaced  in  its  normal 
position.  If  the  patient  have  not  been  anaesthetized,  it  wiU  be  found  that, 
when  the  bone  is  well  brought  down  by  the  extending  force  so  as  to  be 
opposite  its  articulation,  and  disentangled  from  osseous  points  upon  which  it 
may  have  hitched,  or  from  the  edge  of  the  sHt  in  the  lacerated  capsule,  it 
will  be  drawn  at  once  into  its  proper  position  by  the  action  of  its  own  muscles, 
with  a  sudden  and  distinct  snap  ;  the  muscles  of  the  part  being  the  most 
efficient  agents  in  the  reduction,  as  soon  as  the  bone  is  placed  in  a  position  for 
them  to  act  upon  it.  When,  however,  the  patient  has  been  placed  under  the 
influence  of  chloroform,  the  muscular  system  being  thoroughly  relaxed,  the  bone 
will  not  slip  into  its  place  with  a  snap  or  sudden  jerk,  but  is  reduced  more 
quietly,  and  rather  by  the  efforts  of  the  Surgeon  than  by  any  sudden  contraction 
of  its  own  muscles.  It  is  important  to  note  these  differences,  lest  the  Surgeon, 
when  chloroform  has  been  fully  administered,  failing  to  hear  the  snap  or  feel 
the  jerk  Avhich  he  expected,  should  imagine  that  the  bone  has  not  been 
reduced,  and  continue  to  use  an  improper  degree  of  extension. 

The  purely  mechanical  means  for  the  reduction  of  dislocations  are  sufficiently 
simple  :  the  patient's  body,  and  the  articular  cavity  whence  the  luxated  bone 
has  escaped,  are  fixed  by  a  spht  sheet,  a  jack-towel,  a  padded  belt,  or  some 
such  contrivance,  by  which  counier-extension  is  practised.  In  some  cases  the 
hands  of  an  assistant,  or  of  the  Surgeon  himself,  or  the  pressure  of  his  knee  or 
heel,  constitute  the  best  counter-extending  means.  Extension  may  be  made 
either  by  the  Surgeon  grasping  the  hmb  to  be  reduced  and  drawing  it  down- 
wards, or  else  by  means  of  a  bandage  or  jack-towel  fixed  upon  the  part,  with 
the  clove-hitch-knot  apphed  in  the  way  represented  in  the  annexed  cut 
(Fig.  262).  If  more  force  be  required,  the  multiplying  pulleys  (Fig.  297) 
may  be  used,  by  which  any  amount  of  extending  force  that  may  be  required 
can  readily  be  set  up  and  maintained.  When  any  powerful  extending 
force  is  applied,  the  skin  of  the  part  should  always  be  protected  from  being 
chafed  by  a  few  turns  of  a  wet  roller.  The  extension  must  be  made  slowly  and 
gradually  without  any  jerking,  so  as  to  secure  equality  of  motion  as  well  as  of 
traction.    In  this  way  "the  contraction  of  the  muscles  is  gradually  overcome 
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wLereas  suddea  and  forcible  extension  might  excite  them  to  reaction.  The 
traction  may  be  commenced  in  the  newly  acquired  axis  of  tlie  limb,  and  by 
this  means  the  dislocation  is  often  readily  reduced  ;'"but  if  it  does  not  yield 
at  once,  the  direction  should  be  changed,  Avhile  the  traction  is  kept  up,  to  that 
which  relaxes  to  the  fullest  extent  the  untorn  ligaments  or  bands  of  the 
capsule.  This  will  in  most  cases  correspond  to  the  position  of  the  limb  at  the 
time  of  the  accident.  The  head  of  the  bone  is  thus  made  to  pass  along 
the  same  track  which  it  has  torn  for  itself  in  being  dislocated,  and  thus  is 
replaced  without  the  infliction  of  any  additional  violence  on  the  surrounding 
tissues. 

The  question  whether  the  extending  force  should  be  applied  to  the  bone  that 
is  actually  displaced,  or  to  the  further  end  of  the  limb,  has  been  much  dis- 
cussed, and  appears  to  have  received  more  at- 
tention than  it  deserves.  It  is  true  that,  by 
applying  the  extending  force  to  the  displaced 
bone  itself,  the  Surgeon  has  greater  command 
over  its  movements,  with  less  chance  of  injury 
to  the  intervening  bones  ;  whilst,  by  applying 
the  extending  force  to  the  lower  part  of  the 
extremity,  he  has  the  advantage  of  a  longer 
lever  for  the  reduction  of  the  head  of  the 
bone.  This  lever,  however,  it  must  be  re- 
membered, is  in  many  cases  a  broken  one  ;  and 
it  cannot  be  made  to  act  if  the  bone  has  to  be 
replaced  in  the  direction  of  fl,exion  of  the  joints 
that  exist  in  its  course.  For  this  reason,  we 
find  that  some  dislocations  are  best  reduced  by 
applying  traction  to  the  bone  itself  that  is  dis- 
placed, as  in  luxations  of  the  femur  and.  of  the 
loones  of  the  fore-arm  ;  whilst,  in  other  cases, 
as  in  the  dislocations  of  the  humerus,  most 
advantage  is  gained  by  applying  the  extending 
Fig.  262.- Clove  Hitch.  force  to  the  end  of  the  limb.    But  I  look  upon 

these  points  as  of  comparatively  little  conse- 
quence ;  believing  that,  when  the  patient  is  not  anaesthetized,  the  muscles 
of  the  limb  themselves  effect  the  reduction,  without  the  necessity  of  the 
Surgeon  employing  any  very  powerful  lever-like  action  of  the  bone  ;  and 
that,  when  the  patient  is  paralysed  by  chloroform,  the  bone  is  in  most  cases 
readily  replaced  by  the  simple  movements  impressed  directly  upon  it,  or 
even  upon  its  articular  end,  by  the  hands  of  the  Surgeon. 

The  force  required  in  effecting  the  reduction  of  recent  dislocations  is  often 
very  considerable.  So  great  is  the  resistance  offered,  that  in  some  cases  the 
dislocated  bone  has  given  way.  I  am  acquainted  with  cases  in  which  the 
humerus  and  the  neck  of  the  femur  have  been  broken  in  attempting  the 
reduction  of  recent  dislocations.  This  accident  does  not  always  appear  to 
have  been  the  result  of  any  unskilful  employment  of  force,  but  in  some  cases  to 
have  occurred  from  natural  weakness  of  bone.  We  know  that  "  spontaneous  " 
fractures  take  place  from  muscular  action,  often  of  a  very  slight  kind :  and 
we  can  easily  understand  that,  if  a  bone  that  would  be  liable  to  such  ready 
fracture  happened  to  be  dislocated,  it  would  almost  of  necessity  give  way 
under  the  influence  of  the  extending  or  lever-like  force  required  to  replace  it. 
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Manipulation  of  the  limb— that  is,  impressing  upon  it  certain  movements 
of  extension  and  flexion,  of  adduction,  abduction,  and  rotation— is,  whenever 
possible,  the  best  mode  of  reducing  a  dislocation.  The  movements  impressed 
on  limbs  are  guided  by  the  anatomical  relations  of  the  parts  concerned  in  the 
dislocation,  and  have  for  their  object  to  relax  untorn  ligaments  and  parts  of  the 
capsule  which  are  rendered  tense  by  the  abnormal  position  of  the  head  of  the 
bone  :  to  bring  the  head  of  the  bone  opposite  the  rent  in  the  capsule  ;  and 
sometimes,  by  using  the  attachment  of  the  untorn  ligament  as  a  fulcrum,  and 
the  limb  as  a  lever,  to  force  the  head  into  the  socket.  In  other  cases  the  par- 
ticular movement  may  have  for  its  object  to  dislodge  a  process  of  bone  from 
another  against  which  it  has  hitched,  or  to  relax  the  chief  muscles  which  hold 
the  bone  out  of  its  place.  When  the  patient  is  ansesthetized,  and  all  muscular 
resistance  has  thus  been  removed,  any  remaining  difficulty  in  effecting  reduc- 
tion must  be  due  to  purely  mechanical  causes  dependent  on  the  disarrangement 
of  the  bones  and  ligaments,  and  under  the  older  methods  of  treatment,  where 
much  force  was  employed  by  pulleys  or  other  similar  contrivances,  these 
were  often  torn  through.  But,  since  the  introduction  of  manipulation,  the 
Surgeon  effects  the  reduction  by  a  far  less  degree  of  force,  replacing  the 
bone  on  simple  mechanical  principles,  by  relaxing  the  ligaments  and  disen- 
tangling the  bones  from  one  another.  The  situation  and  extent  of  the 
•laceration  of  the  capsule  of  the  joint  are  also  of  great  importance  as  offering 
an  obstacle  to  reduction,  in  some  cases  constricting  the  neck  of  the  bone,  in 
others  having  one  lip  of  the  slit  pressing  against  the  bone  in  such  a  way  as  to 
resist  all  efforts  to  move  it.  An  extreme  degree  of  force  is  required  to  tear 
through  and  thus  overcome  obstructions  of  this  kind  ;  but  they  may  readily 
be  relaxed  and  slipped  aside  by  skilful  manipulation  and  attention  to  the 

position  of  the  limb. 

Manipulation  has  been  especially  useful  in  dislocation  of  the  hip,  shoulder, 
and  knee,  and  the  details  of  the  process  mil  be  described  with  the  special 
dislocations  of  these  joints. 

After-Treatment.— After  the  dislocation  has  been  reduced,  the  limb  must 
be  kept  firmly  fixed  and  at  rest  by  proper  bandages  or  splints  for  from  one  to 
three  weeks,  so  as  to  allow  proper  union  to  take  place  in  the  torn  capsule  and 
neighbouring  structures.  If  this  is  not  done  the  joint  may  be  permanently 
weakened  and  be  liable  to  a  recurrence  of  displacement  from  very  slight  causes. 

Any  consecutive  inflammation  may  often  be  prevented  by  the  continuous 
application  of  cold  ;  and,  if  set  up,  must  be  treated  by  local  antiphlogistic 
measures.  The  flxation  of  the  joint  must  not  be  maintained  for  too  long  a 
time,  lest  adhesions,  often  of  a  painful  character,  form.  These  may  be 
avoided  by  passive  motion.  If  they  have  formed,  they  may  readily  be  broken 
down  by  the  manipulations  commonly  employed  in  such  cases  by  "  bone- 
setters,"  who,  fixing  the  joint  by  pressure  of  the  thumb  on  the  painful  spot, 
in  a  manner  well  described  by  W.  Hood,  impart  sudden  and  forcible  move- 
ment to  the  limb,  by  which  adventitious  bands  are  ruptured. 

Dislocations  of  Old  Standing.— If  a  dislocation  have  been  left  unre- 
duced for  some  weeks  or  months,  changes,  which  have  already  been  described, 
take  place  in  and  around  the  displaced  articular  structures,  the  double  effect 
of  which  is  to  render  the  replacement  of  the  bones  in  their  normal  position 
more  and  more  difficult  as  time  goes  on,  and  to  lead  to  the  formation  of  a  new 
though  imperfect  articulation  at  the  seat  of  the  displaced  bone. 
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When  a  dislocation  has  been  left  permanently  unreducer]  for  a  considerable 
length  of  time,  as  for  years,  tlie  amount  of  utility  in  tiie  limlj  will  de]jend 
pai-tly  on  the  kind  of  joint  that  has  been  dislocated,  partly  on  the  particular 
variety  of  dislocation  that  has  occurred.  Thus,  as  a  general  rule,  gi-eater 
freedom  of  movement  and  greater  utility  of  limb  will  be  found  in  old-standing 
dislocations  of  ball-and-socket  than  of  hinge-joints.  But  in  ball-and-socket 
joints  some  dislocations  will,  if  left  unreduced,  be  attended  with  less  evil 
consequences  to  the  patient  than  others.  Thus,  in  the  suh-ylenoid  dislocation 
of  the  shoulder  and  the  dislocation  backwards  below  the  obturator  tendon  or 
"  sciatic  "  of  the  hip,  the  limb  will  recover  itself  to  a  gi-eater  extent  than  in 
the  other  forms  affecting  these  joints. 

Treatment.— In  cases  of  very  old  and  irremediable  unreduced  dislocation, 
much  may  be  done  by  means  of  regularly  conducted  passive  movements  to 
increase  the  mobihty  of  the  part,  and  by  means  of  friction  and  warm  douches 
to  relieve  the  painful  stiffness.  In  cases  not  so  old,  but  in  which  some  time 
has  elapsed  since  the  occurrence  of  the  dislocation,  two  questions  always 
present  themselves  to  the  Surgeon  :— 1.  Is  it  possible  to  replace  the  dislocated 
bone  ?    2.  Is  it  desirable  or  prudent  to  attempt  reduction  ? 

The  possibility  of  reducing  the  dislocation  will  depend  partly  upon  the 
joint  that  is  dislocated  and  the  nature  and  extent  of  the  dislocation,  but 
chiefly  on  the  length  of  time  during  wdiich  the  bone  has  been  out  of  place. 
Dislocations  of  the  orbicular  joints  generally  can  be  reduced  at  a  much  later 
period  than  those  of  the  ginglymoid ;  those  of  the  shoulder  can  be  reduced 
after  a  longer  lapse  of  time  than  those  of  the  hip.  The  subglenoid  dislocation 
of  the  shoulder  and  that  of  the  hip  on  the  dorsum  ilii  are  capable  of  reduction 
at  a  later  period  than  the  other  luxations  of  the  same  joints. 

The  latest  period  at  which  reduction  is  possible  has  been  variously  estimated 
by  different  Surgeons.  Sir  A.  Cooper  gives  three  months  for  the  shoulder  and 
eight  weeks  for  the  hip.  As  a  general  statement,  this  was  no  doubt  tolerably 
correct  at  the  time  when  it  was  made,  although  reduction  had  been  effected  at 
later  periods  than  those  given  by  Cooper.  Thus  Breschet  reduced  a  dislocation 
of  the  hip  at  the  78th  day,  and  Travers  at  the  fifth  month.  But  we  may  now 
go  far  beyond  this  as  the  Hmit  of  possiUe  reduction.  Brodhurst  has  reduced 
the  shoulder  on  the  175th  day  ;  Smith  (U.S.)  in  one  case  at  the  seventh 
month,  in  another  at  ten  months  and  a  half ;  Sedillot  one  at  a  year  ;  Black- 
man  of  Cincinnati,  a  dislocation  of  the  femur  on  the  dorsum  ilii,  at  six  months ; 
DupieiTis  of  the  Havana,  one  at  over  six  months,  in  a  boy,  and  this  without 
chloroform  ;  and  R.  W.  Smith,  after  nine  months  had  elapsed. 

The  Obstacles  to  the  reduction  of  old-standing  dislocations  are  rather 
pathological  than  physiological  and  anatomical  as  in  the  case  of  recent  displace- 
ments. They  are  of  several  distinct  kinds  :— 1.  The  powerful  tonic  contraction 
of  the  shortened  and  displaced  muscles  ;  2.  The  organic  changes  that  have 
taken  place  in  the  muscles  partly  from  the  contraction  of  the  cicatricial  tissue 
formed  in  the  repair  of  the  lacerations  which  occurred  at  the  time  of  the 
injury,  and  partly  from  the  shortening  that  has  taken  place  to  adapt  the 
muscles  to  the  altered  relation  of  the  head  of  the  bone  ;  3.  Adhesions  that 
form  between  the  lacerated  capsule  and  the  muscles  and  the  displaced  head  of 
the  bone  ;  4.  Lastly,  as  a  more  remote  effect,  pathological  changes  in  the 
articulating  surfaces  themselves,  by  which  their  shaiie  l)ecomes  altered  and 
the  socket  shallowed,  contracted,  and  perhaps  ultimately  obliterated. 
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In  order  fco  overcome  these  obstacles  a  considerable  amount  of  force  must  be 
used,  as  adliesions  and  contractions  have  to  be  stretched  and  torn  asunder. 
This' is  effected  bj  the  multiplying  pulleys  and  by  manipulation  under  chloro- 
form. In  employing  the  necessary  force,  care  must  be  taken  to  protect  the 
skin  from  abrasion,  or  even  laceration,  by  the  use  of  wet  flannel  bandages  or 
wash-leather.  The  force  exerted  by  the  pulleys  must  be  considerable  ;  but 
it  should  be  accompanied  by  free  rotatory  manipulations  and  movements  of 
the  head  of  the  bone,  so  as  to  loosen  it  from  its  adhesions  ;  and  reduction  will 
usually  be  effected  in  this  way  rather  than  by  forcible  traction  only.  ^ 

Antesthesia  is  of  inestimable  service  in  these  cases  ;  and  it  is  by  its 
means  that  the  Surgeon  has  been  enabled  to  extend  materially  the  limit 
of  possible  reduction.  But,  in  the  reduction  of  old  dislocations,  ansBsthetics 
do  not  give  exactly  the  same  kind  of  help  as  in  those  of  recent  date. 
In  a  recent  dislocation  one  great  obstacle  is  muscular  contraction  ;  and,  by 
relaxing  this,  anaesthetics  enable  the  Surgeon  to  replace  the  bone  at  once 
without  difficulty.  In  old  dislocations  the  obstacles,  as  has  just  been  stated, 
consist  in  various  pathological  changes  that  have  taken  place  around  and  in 
the  displaced  bones.  These  conditions  cannot  be  influenced  by  aneesthesia  ; 
and  hence,  except  as  a  means  of  producing  insensibiUty  to  pain  and  preventing 
instinctive  or  voluntary  muscular  resistance,  chloroform  will  not  aid  the 
Surgeon. 

It  must  be  borne  in  mind  that  the  reduction  of  old  dislocations  is 
not  only  a  work  of  very  considerable  difficulty,  but  also  of  danger.  _  If 
several  months  have  elapsed,  the  obstacles  arising  from  the  pathological 
changes  already  mentioned  will  usually  be  so  obstinate  as  to  render  the 
reduction  impossible  without  the  employment  of  a  dangerous  amount  of 
force  ;  and  in  many  cases  they  will  prevent  reduction,  whatever  force  be 
employed. 

The  Accidents  liable  to  occur  during  attempts  to  reduce  old  dislocations, 
whether  successful  or  not,  are  the  following  :— 1.  Laceration  of  the  skin  by 
the  constriction  and  pressure  of  the  bands  to  which  the  pulleys  are  attached. 
2.  Laceration  of  muscles  :  thus  the  pectoral  has  been  torn  through  in  attempt- 
ing reduction  of  old  dislocation  of  the  shoulder.  3.  The  development  of  inflam- 
mation and  suppuration  aroimd  the  dislocation,  by  the  violence  to  which  the 
soft  parts  have  been  subjected.  From  this  cause  death  has  several  times 
resulted  in  attempts  at  reducing  old  hip-dislocations.  4.  Extensive  extravasa- 
tion of  blood  fi-om  the  rupture  of  small  vessels  in  the  lacerated  soft  parts, 
giving  rise  to  wide-spread  ecchymosis.  5.  Laceration  of  one  of  the  larger 
veins.  A  patient  of  Froriep's  died  fi-om  this  cause,  after  rupture  of  the 
axillary  vein,  in  an  attempt  to  reduce  an  old  dislocation  of  the  shoulder.  ^  6, 
Laceration  of  an  artery,  and  the  formation  of  a  diffused  traumatic  aneurism. 
This  serious  accident  has  happened  at  least  twelve  times  in  attempted  reduc- 
tion of  old  dislocations  of  the  shoulder.  The  brachial  artery  has_  also  been 
torn  in  attempted  reduction  of  dislocated  elbow.  7.  Laceration  of  neighbouring 
nerves.  Those  of  the  axillary  plexus  have  been  torn  in  attempted  reduction 
of  dislocation  of  the  shoulder,  and  the  median  in  that  of  the  elbow.  Flaubert 
has  recorded  a  case  in  which  the  four  lower  nerves  entering  into  the  brachial 
plexus  were  torn  away  from  the  cord.  The  patient,  a  woman  70  years  of 
age,  died  eighteen  days  afterwards,  with  paralysis  of  both  arms  and  of  the  leg 
on  the  same  side  as  the  injury.    8.  Fracture  of  the  dislocated  bone.  This 
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serious  acoident  has  usually  happened  when  the  Surgeon,  after  the  employment 
of  extension,  has  attempted  to  put  in  force  transverse  movements *of  the  bone, 
or  has  used  the  bone  as  a  lever  ;  it  has  given  way,  usually  high  up  near 
the  head,  at  other  times  iu  the  shaft.  It  is  probable  that  in  most  cases  this 
has  been  predisposed  to  by  the  bone  having  become  weakened  by  want  of  use. 
It  has  occurred  several  times  in  the  humerus,  and  at  least  twelve  times  in  the 
femm*,  in  attempts  at  reducing  old  dislocations  of  these  bones.  In  most  of 
the  recorded  cases  the  bone  has  readily  united,  and  tlie  condition  of  the 
patient  has  not  been  materially,  if  at  all,  influenced  for  the  worse,  except 
that  reduction  of  the  dislocation  has  necessarily  been  rendered  impossible. 
9.  Neighbouring  bones  have  been  fractured,  such  as  the  ribs  and  the  glenoid 
cavity,  in  the  endeavour  to  reduce  dislocation  of  the  shoulder,  and  the 
acetabulum  in  attempted  reduction  of  a  luxated  hip.  10.  The  limb  has 
actually  been  torn  off.  This  remarkable  accident  happened  to  Gueriu  of  Paris, 
in  attempting  the  reduction,  without  pulleys  but  merely  by  the  triiction  of 
four  assistants,  of  a  dislocation  of  the  shoulder  of  three  months'  standing,  in  a 
woman  63  years  of  age,  the  limb  being  suddenly  torn  olf  at  the  elbow.  The 
patient  died  on  the  twelfth  day  ;  and  on  examination,  the  bones  were  found 
porous,  and  the  muscular  and  other  soft  structures  pulpy,  the  limb  having 
evidently  lost  its  natural  strength  and  elasticity. 

The  occurrence  of  these  various  accidents  and  injuries,  ui  the  attempted 
reduction  of  old  dislocations,  cannot  always  be  justly  attributed  to  the  employ- 
ment of  an  improper  degree  of  force  by  the  Surgeon.  The  liability  to  them 
must  rather  be  looked  upon  as  a  necessary  accompaniment  of  attempts  at 
putting  back  into  its  place  a  bone  which  has  been  dislocated,  and  left 
mireduced  for  many  weeks  or  months.  During  this  period  the  bone  usually 
contracts  adhesions  of  a  very  dense  kind  to  the  parts  amongst  which  it  lies  ; 
and,  as  it  cannot  be  replaced  in  its  articular  cavity  until  these  adhesions  have 
been  torn  or  broken  through,  it  is  easy  to  understand  how,  in  the  attempt 
to  do  this,  neighbouring  soft  parts,  vessels,  or  nerves  may  give  way,  or  the 
bone  itself  may  yield  to  the  force  that  must  be  applied  to  it  in  order  to  lift 
it  out  of  its  new  bed. 

The  liability  to  the  occurrence  of  these  accidents  should  make  the  Surgeon 
very  cautious  how  he  recommends  an  attempt  to  reduce  old-standing  disloca- 
tions. If  after  a  time  the  new  joint  have  become  tolerably  mobile,  and  be 
not  painful,  it  may  be  better  to  leave  the  bone  unreduced,  rather  than  expose 
the  patient  to  great  risk,  with  a  slender  prospect  of  eventual  success.  If  the 
unreduced  dislocation  be  stiff  and  painful,  much  may  be  done  by  passive 
motion,  frictions,  and  douches,  to  improve  the  patient's  condition. 

The  Subcutaneous  Section  of  muscles,  tendons,  and  bands  of  adhesions 
in  the  neighbourhood  of  the  dislocated  joint,  has  been  proposed  by  Dieffenbach 
as  a  means  of  facilitating  reduction  in  old-standing  cases  ;  and  he  relates  an 
instance  in  which,  by  these  means,  a  shoulder  that  had  been  dislocated  for  two 
years  was  reduced.  In  many  cases  in  which  this  plan  has  been  tried,  the 
success  has  not  been  commensurate  with  the  expectations  raised  respecting  it ; 
and  in  Other  instances,  of  which  I  have  seen  two  or  three,  the  operation  has 
been  followed  by  sloughing  and  other  serious  evils,  while  it  has  not  been 
attended  by  any  benefit  in  facilitating  reduction. 

Compound  Dislocation  is  one  of  the  most  serious  injuries  to  which  a  limb 
can  be  subjected.    Not  only  is  there  such  extensive  laceration  of  the  soft  parts 
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that  cover  aad  enter  into  the  formation  of  the  joint  as  to  give  rise  to  the  most 
severe  forms  of  traumatic  arthritis,  but  the  bones  are  often  fractured,  and  the 
main  vessels  of  the  limb  perhaps  greatly  stretched  or  torn. 

The  Treatment  of  a  compound  dislocation  must  be  conducted  on  the  same 
principles  that  guide  the  Surgeon  in  the  management  of  a  wounded  joint, 
viz.,  rest,  drainage,  and  the  prevention  of  decomposition.    Owing  to  the 
rupture  of  the  ligaments  and  muscular  attachments,  there  is  usually  no 
difficulty  in  the  reduction  ;  but  the  danger  consists  in  the  destructive 
inflammation  that  so  frequently  follows  in  the  joint.    This,  as  was  before 
pointed  out,  is  due  chiefly  to  the  accumulation  of  decomposing  discharges 
in  the  cavity  ;  but  in  the  case  of  a  compound  dislocation,  it  is  aggravated  by 
the  severe  bruising  and  laceration  of  the  surrounding  structures.  Consequently 
extensive  inflamniation  and  suppuration  with  sloughing  may  follow  the  injury. 
In  all  cases  it  is  better  not  to  make  any  attempt  to  close  the  wound  by  suture, 
as  this  would  only  interfere  with  the  drainage,  and  union  by  the  first  intention 
is  practically  impossible.    Cleaning  the  wound  and  dressing  it  must^  be 
conducted  on  the  principles  laid  down  in  the  chapter  on  wounds  of  joints 
(p.  512).    If  the  joint  be  a  large  one,  the  hne  of  practice  will  vary  according 
to  circumstances  other  than  the  mere  dislocation.    Thus,  if  it  be  in  the  upper 
extremity,  the  patient  being  healthy,  and  the  soft  parts  not  very  extensively 
contused  or  torn,  the  bones  may  be  replaced,  after  the  joint  has  been  properly 
cleaned  with  carbohc  acid  lotion  (1  in  20),  or  some  other  antiseptic  solution, 
and  may  then  be  dressed  by  one  of  the  antiseptic  methods  already  described. 
Dry  cold  may  be  applied  over  the  dressing  if  possible.    The  limb  must  be 
placed  on  a  splint  to  ensure  rest  for  about  two  weeks,  after  which  if  all  goes 
well  passive  motion  may  be  commenced  with  care.    Should  suppuration  take 
place,  passive  motion  Avould  only  ensure  the  destruction  of  the  joint ;  the  limb 
must  then  be  firmly  fixed  on  a  sphnt  with  the  hope  of  obtaining  xankylosis. 
If  there  be  fracture  conjoined  with  the  dislocation,  resection  should  be 
practised,  as  was  successfully  done  by  Hey  in  several  cases  of  injury  of  the 
elbow  of  this  description  ;  but  if  the  soft  parts  be  greatly  injured  as  well, 
and  especially  if  the  blood-vessels  and  nerves  of  the  limb  have  suffered, 
amputation  must  be  performed.     In  the  lower  extremity,  amputation  is 
more  frequently  necessary  ;  in  the  knee,  almost  invariably  so.    Yet  there 
are  exceptions  to  this  rule  ;  thus,  White  had  a  case  of  compound  dislocation 
of  the  knee-joint  in  a  boy,  nine  years  of  age,  at  the  Westminster  Hospital,  in 
which  he  saved  the  limb  by  sawing  off  the  condyles  of  the  femur  and  reducing 
the  bone.    In  compound  dislocations  of  the  ankle  and  the  astragalus,  an 
attempt  should  generally  be  made  to  save  the  hmb,  in  the  way  that  will  be 
more  specially  pointed  out  when  we  come  to  treat  of  these  injuries. 

After  recovery  from  compound  dislocation,  the  joint  will  often  remain 
permanently  stiffened  ;  hence  attention  to  position  during  the  treatment  is 
essentially  required.  In  many  cases,  however,  very  good  motion  is  ultimately 
obtained,  though  the  stiffness  may  continue  for  some  length  of  time. 

Complications.— rracture  of  the  Shaft  of  one  of  the  Long  Bones 
•with  Dislocation  of  its  Head  considerably  increases  the  difKculty  of 
reduction.  In  these  circumstances,  it  has  been  recommended  to  let  the  fracture 
consolidate  first,  and  then  to  attempt  the  reduction.  But  to  do  this  is  only  to 
defer  and  increase  the  difficulties.  At  least  seven  or  eight  weeks  must  elapse 
before  the  fracture  will  be  sufficiently  firmly  united  to  bear  tke  requisite  trac- 
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tion  to  reduce  so  old  a  dislocation  ;  and  then  there  will  be  great  chance  of 
rupture  of  the  callus,  and  there  will  certainly  be  extreme  difficulty  in  the  re- 
duction. It  therefore  appears  to  me  much  safer,  under  all  circumstances,  to 
endeavour  to  reduce  the  dislocation  at  once,  and  afterwards  to  treat  'the 
fracture  in  the  usual  way.  In  i-educing  a  dislocation  complicated  with  frac- 
ture of  the  shaft  of  the  displaced  bone,  the  fracture  must  first  be  put  u]j  veiy 
firmly  indeed,  with  wooden  splints  completely  encasing  the  limb.  The  patient 
must  then  be  put  fully  under  the  influence  of  an  antesthetic,  which  i> 
essential  in  these  cases  ;  and,  when  the  muscles  are  completely  relaxed,  the 
reduction  may  be  effected  in  the  usual  way.  If  manipulation  fails  and  exten- 
sion becomes  necessary,  the  extending  means  should  be  applied  upon  the 
splints,  so  that  there  may  be  no  dragging  upon  the  fi-acture.  In  this  way  I 
have  reduced,  without  any  difficulty,  a  dislocation  of  the  head  of  the  humerus 
into  the  axilla,  complicated  with  comminuted  fracture  of  the  shaft  of  the 
bone,  in  a  remarkably  muscular  man  ;  and  about  the  same  time  I  had  under 
my  care  at  the  Hospital  a  case  of  dislocated  elbow,  Avith  fracture  of  the  shaft  of 
the  humerus,  that  was  reduced  "with  ease  in  the  same  way.  The  difficulty  in 
reduction  is  necessarily  increased  by  the  proximity  of  the  fi-acture  to  the  dis- 
located joint,  and  when  the  epiphysis  is  broken  off  from  the  shaft  and  dislocated, 
the  difficulty  may  be  great ;  but  it  is  not  insuperable.  Some  years  siuce,  I 
assisted  H.  Smith  and  Dunn  in  the  reduction  of  a  dislocation  of  the  humerus 
with  fracture  of  the  surgical  neck  of  the  bone,  the  displaced  head  lying  to  the 
inner  side  of  the  coracoid  process.  In  this  case  the  patient,  a  young  man 
who  had  sustained  the  injury  by  a  fall  in  an  epileptic  fit,  was  put  under  chloro- 
form, and  when  he  was  fully  ansesthetized  the  displaced  head  of  the  bone  was 
easily  replaced  ;  the  patient  recovering  with  an  excellent  arm. 

When  a  Simple  Fracture  extends  into  the  Articular  End  of  the 
Bone,  as  in  some  dislocations  about  the  elbow  and  ankle,  there  is  no  material 
increase  in  the  danger  of  the  case  or  in  the  difficulty  of  its  management. 

In  Compound  Dislocation  with  Fracture  of  the  Articular  Ends, 
removal  of  splints,  and  partial  resection  or  amputation,  wUl  be  required, 
according  to  the  seat  and  extent  of  injury. 

SpoNTAifEOirs  Dislocations  may  occur  either  suddenly  or  gradually,  and 
may  arise  fi'om  a  variety  of  causes. 

Spontaneous  dislocation,  if  the  term  can  be  properly  applied  to  such  cases, 
is  often  met  with  as  the  result  of  disease  of  the  articulation.  In  all  destructive 
inflammation  of  joints,  as  in  white  swelling  of  the  knee,  disease  of  the  hip-joint, 
or  acute  arthritis  following  a  wound,  the  ligaments  become  softened,  the  carti- 
lages are  destroyed,  and  the  bones  entering  into  the  articulation  altered  in 
shape  by  ulceration  ;  and  under  these  circumstances  the  articular  surfaces 
become  readily  displaced  under  the  influence  of  slight  muscular  action.  To 
this  class  Volkmann  has  given  the  name  of  Dislocation  from  Destruction. 
In  chronic  rheumatic  arthritis,  especially  of  the  smaller  joints,  and  in  the 
joint-afl^ections  met  with  in  locomotor  ataxy,  it  sometimes  happens  that  the 
articular  surfaces  are  gradually  forced  out  of  their  normal  relation  by  the 
pressure  of  osseous  outgrowths,  springing  from  the  bones  close  to  the  margin 
of  the  cartilages.  These  are  classed  by  Volkmann  as  Dislocations  from  De- 
form.ily.  In  another  form,  which  was  specially  studied  and  described  by 
Stanley,  the  affection  is  due  to  a  paralytic  condition  of  the  muscles  surround- 
ing the  capsule.    In  these  2^(iraJ7jtic  dislocations,  which  are  most  common  in 
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the  hip  and  shoulder,  tlie  head  of  the  bone  slips  out  without  any  very  marked 
sign  of  disease  about  the  joint,  and  certainly  without  any  previous  destruction 
of  it.    In  another  class,  to  which  Yolkmann  has  given  the  name  of  Disloca- 
tions from  Distension,  the  capsule  is  stretched  and  weakened  by  effusion  of 
fluid  within  it.    These  are  occasionally  the  result  of  acute  suppuration  within 
the  joint,  the  capsule  becoming  softened  and  giving  way  at  its  weakest  point, 
and  the  head  of  the  bone  escaping  through  the  aperture.    In  these  circum- 
stances there  would  be  high  fever  and  intense  pain,  relieved  when  the  capsule 
gives  way.    In  other  cases  the  fluid  that  distends  the  joint  is  serous  in 
character  ;  these  may  be  acute,  but  are  more  commonly  chronic.    The  liga- 
ments then  become  gradually  stretched  till  they  are  no  longer  capable  of 
maintaining  the  articular  surfaces  in  position.    Thus  Stanley  records  a  case 
in  which  the  capsule  of  the  hip  was  found  to  be  five  inches  in  length,  and 
Hutton  another  in  which  the  round  ligament  measured  four  inches.  In 
such  extreme  cases  as  these,  the  dislocation  may  take  place  without  rupture  of 
the  capsule.    The  sjonptoms  usually  noted  have  been  obscm-e  rheumatic  or 
neuralgic  pains,  lasting  for  some  time,  in  the  joint  previous  to  dislocation. 
It  may,  however,  occur  suddenly,  without  any  pain,  the  deformity  of  the 
hmb  first  attracting  attention.    Such  dislocations  occasionally  occur  during 
an  attack  of  acute  rheumatism  or  one  of  the  acute  specific  fevers.  The 
condition  is  almost  confined  to  the  hip,  but  other  joints  may  be  afi'ected,  and 
sometimes  more  than  one.    Thus,  some  time  ago  there  was  a  case  in  Uni- 
versity College  Hospital,  in  which  both  shoulders  and  hips  were  dislocated 
simultaneously. 

Lastly,  there  is  a  variety  known  as  recurrent  dislocations,  in  which  the  joint, 
having  been  dislocated  and  reduced,  the  muscular  and  ligamentous  structures 
have  become  so  weakened  that  ever  afterwards  the  bone  slips  out  of  place  on 
the  application  of  shght  force,  or  at  will  on  the  patient  throwing  the  muscles 
of  the  limb  into  action.  These  dislocations  are  most  common  in  the  shoulder. 
They  may  be  due  to  incomplete  repair  of  the  capsule,  or  to  fi-acture  with 
displacement  of  the  edge  of  the  glenoid  cavity  in  the  shoulder,  or  acetabulum 
in  the  hip.  Joessel  has  described  a  case  in  which  after  death  the  cause  was 
found  to  be  rupture  of  the  supraspinatus  and  infraspinatus  muscles,  which 
had  become  retracted  under  the  acromion  without  forming  new  adhesions  to 
the  head. 

The  Treatment  of  spontaneous  dislocations  is  not  very  satisfactory.  Re- 
duction in  many  cannot  be  accomplished  ;  while  in  others  it  may  be  effected 
readily  enough,  but  the  bone  cannot  be  fixed  in  the  joint.  In  a  case  of 
spontaneous  dislocation  of  the  hip,  without  any  apparent  disease  of  the  joint, 
occurring  in  a  young  woman,  I  readily  effected  reduction  by  the  pulleys,  three 
weeks  after  the  occurrence  of  the  displacement.  The  limb  Avas  then  fixed 
with  the  long  splint,  and  maintained  at  a  proper  length  for  two  or  three 
weeks  ;  when,  in  consequence  of  a  severe  bronchitio  attack,  it  became  neces- 
sary to  remove  the  apparatus,  and  the  displacement  speedily  returned.  ^  Wbilst 
convalescent  from  this  attack,  the  patient  fell  and  fractured  the  displaced 
femur  in  its  upper  third,  thus  rendering  it  impossible  to  replace  the  bone.  In 
another  case  of  spontaneous  dislocation  of  the  knee,  occurring  in  the  same 
painless  manner,  the  joint  could  not  be  replaced,  and  permanent  deformity 
was  left.  After  redaction  in  similar  cases,  a  splint  or  a  starched  bandage 
should  be  worn  for  a  considerable  length  of  time,  so  as  to  give  the  liga- 
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ments  of  the  joint  a  chance  of  recovery.  If  there  be  a  rheumatic  tendency, 
it  should  l)c  removed  by  suitable  treatment  ;  und  if  there  be  a  jjaralytic 
condition  of  the  muscles,  electricity  and  cold  douches  witli  friction  may  be 
advantageously  employed. 

CoNGKNiTAL  DISLOCATIONS  are  occasionally  met  with  in  the  hip,  shoulder, 
wrist,  and  jaw,  and  have  of  late  years  attracted  the  attention  of  .Surgeons 
through  the  labours  of  Guerin,  Smith,  Chelius,  Robert,  and  others.  These 
dislocations  are  allied  in  cause  and  nature  to  other  congenital  deformi- 
ties of  the  limbs,  such  as  club-foot,  &c.  In  them  there  is  usually  found 
arrested  or  imperfect  development  of  some  portions  of  the  osseous  articular 
apparatus.  Whether  this  is  primary,  thus  causing  the  displacement  of  the 
bones,  or  consecutive  upon  disuse,  occasioned  by  spasmodic  action  of  one 
set  of  muscles  or  by  paralysis  of  another,  dependent  on  some  irritation  in  the 
nervous  centres,  is  scarcely  worth  inquiring  here.  In  some  cases  it  would 
appear  as  if  faulty  position  of  the  foetus  in  utero,  or  undue  violence  during 
birth,  may  have  occasioned  the  displacement.  These  dislocations  are  probably 
incurable,  as  there  is  always  congenital  defect  of  structure  in  the  articular 
ends  of  the  bones,  or  of  the  socket  into  which  they  are  received. 

There  is  a  peculiar  form  of  dislocation  which  I  have  once,  and  only  once, 
met  with  in  a  child,  otherwise  perfectly  healthy,  12  years  of  age.  It  was  a 
dislocation  of  the  head  of  the  radius  backwards,  in  consequence  of  want  of 
development  of  the  lower  third  of  the  ulna.  In  this  case  the  radius  was 
nearly  two  inches  longer  than  the  ulna.  The  want  of  development  in  the 
latter  bone  prevented  the  proper  growth  of  the  forearm  ;  and  •  the  radius  con- 
sequently, after  having  become  slightly  curved,  was  slowly,  but  completely, 
dislocated  at  its  humeral  end.  All  the  movements  of  the  bone,  however, 
were  perfect. 
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DISLOCATIONS    OF    THE    LOWER  JAW. 

Dislocations  of  the  Lower  Jaw  are  not  common  accidents.    They  occur 
more  frequently  in  women  than  in  men,  and  have  been  but  very  seldom  met 
with  at  either  extreme  of  life  ;  but  Nelaton  and  Malgaigne  relate  cases  occur- 
ring in  edentulous  subjects  of  G8  and  72  years  of  age,  and  Sir  A.  Cooper  has  seen 
the  accident  in  a  child,  occasioned  by  another  boy  thrusting  an  apple  into  its 
mouth.    These  dislocations  are  most  frequently  occasioned  by  forcible  action 
of  the  depressor  muscles  of  the  jaw— by  opening  the  mouth  too  widely,  as  in 
fits  of  laughing,  of  gaping,  or  in  attempting  to  take  too  large  a  bite.  Occa- 
sionally the  accident  has  resulted  from  blows  or  kicks  upon  the  chin  when 
the  mouth  was  open,  or  from  the  violent  strain  upon  the  part  in  tooth-drawing, 
or  rather  in  digging  out  stumps  with  an  elevator.    The  mechanism  of  the 
dislocation  is  simple.    When  the  mouth  is  opened,  the  interarticular  fibro- 
cartilage  with  the  condyle  ghdes  forwards  on  to  the  articular  eminence  :  if  this 
movement  be  continued  too  far,  and  the  external  pterygoid  muscle  contract 
forcibly  at  the  same  time,  the  condyle  slips  forward  over  the  articular  eminence 
into  the  zygomatic  fossa,  the  axis  of  the  ramus  being  directed  obliquely  back- 
wai-ds,  and  the  dislocation  being  thus  complete.    In  this  way  both  condyles 
may  be  displaced,  or  only  one.    Maisonneuve  and  Otto  Weber,  by  producing 
dislocation  on  the  dead  body,  have  found  that  the  condyle  lies  in  front  of  the 
root  of  the  zygoma.    The  coronoid  process  rarely  reaches  the  malar  bone,  but 
usually  lies  below  it,  being  completely  surrounded  by  the  tendon  of  the  temporal 
muscle.  From  original  observation,  C.  Heath  confirms  this  view  of  the  position 
of  the  coronoid  process.'  The  interarticular  fibro-cartilage  is  attached  to  the 
condyle,  and  follows  its  movements.    The  capsular  ligament  is  stretched,  but 
not  ruptured  :  the  external  lateral  ligament  is  tense,  and  passes  from  behind 
forward  instead  of  from  before  backward :  the  internal  lateral  and  stylo-maxil- 
lary  ligaments  also  undergo  stretching,  which  is  increased  by  raising  the  chin. 
The  temporal  muscles  are  stretched,  according  to  Maisonneuve,  or  partly  torn, 
according  to  Weber. 

When  the  dislocation  is  Bilateral,  as  most  fi-equently  happens,  the  signs 
are  as  follows  :  The  incisor  teeth  of  the  lower  jaw  are  separated  from  those  of 
the  upper  by  a  marked  interval,  varying  from  half  an  inch  to  an  inch  and  a 
half,  and  the  mouth  is  kept  more  or  less  widely  open.  Deglutition  and  speech 
are  impaired,  the  labial  consonants  not  being  pronounced  ;  there  is  dribbling 
of  the  saliva  over  the  lower  lip  ;  the  chin  is  lengthened,  and  the  lower  line  of 
teeth  advanced  about  half  an  inch  beyond  those  of  the  upper  jaw  ;  the  cheeks 
are  flattened,  and  there  is  a  depression  in  front  of  the  meatus  auditorius  cx- 
ternus.  There  is  also  an  oblong  prominence  in  the  temporal  fossa  between  the 
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eye  and  the  car.  If  the  dislocation  he  left  uiu-ednced,  tlie  patient  slowly  regains 
some  power  of  movement  over  the  jaw  ;  lie  gradually  approximates  the  hps, 
and,  after  a  length  of  time,  may  even  be  enabled  to  bring  the  lines  of  teeth 
into  apposition,  especially  posteriorly. 

In  the  Unilateral  dislocation,  whei-e  only  one  condyle  is  displaced,  the  axis 
of  the  lower  jaw  is  directed  towards  the  side  opposite  to  that  on  which  the  dis- 
placement exists  ;  and  the  general  signs  are  the  same,  but  in  a  less  marked 
degree,  as  those  which  are  met  with  when  both  sides  are  dislocated.  The 
hollow  before  the  meatus  on  the  injured  side  is,  however,  Avell  marked,  and 
serves  to  point  out  the  seat  and  nature  of  the  displacement,  the  diagnosis  of 
which  is  not  always  readily  made  ;  indeed,  R.  W.  Smith  states  that  he  has  seen 
attempts  at  reduction  applied  to  the  uninjured  side. 

Sir  A.  Cooper  has  described  a  Subluxation  of  the  jaw,  most  frequently  met 
with  in  young  and  delicate  women,  in  which,  in  consequence  of  the  relaxation 
of  the  ligaments,  the  head  of  the  bone  appears  to  slip  forwards  upon  the 
eminentia  articularis,  whenever  the  mouth  is  opened  at  all  widely,  as  in 
gaping,  laughing,  &g.  It  may  usually  be  ascertained  by  telling  the  patient 
to  put  out  the  tongue.  The  bone  hitches,  as  it  were,  and  prevents  the  mouth 
from  being  shut  at  once.  Most  commonly,  the  natural  efforts  of  the  patient 
are  sufficient  to  return  the  head  of  the  bone  into  the  glenoid  cavity  with  a 
cracking  noise  or  even  a  loud  snap. 

The  Beduction  of  a  dislocated  jaw  is  easily  effected ;  it  being  necessary  only 


Fig.  263.— Eeduction  of  Dislocated  Jaw. 


to  push  the  angle  of  the  bone  downwards  and  backwards,  and  at  the  same 
time  to  raise  the  chin  ;  by  so  doing  the  attachment  of  the  temporal  muscle  to 
the  coronoid  process  acts  as  a  fulcrum,  and  the  condyle  is  brought  slightly 
downwards  so  as  to  be  disengaged  from  the  articular  eminence,  when  the 
external  pterygoid  muscles  will  at  once  draw  it  into  its  proper  position.  The 
reduction  is  best  effected  by  the  Surgeon,  standing  before  the  patient,  placing 
his  thumbs,  well  protected  by  a  thick  napkin,  or  a  few  turns  of  a  naiTow 
bandage,  on  the  molar  teeth  on  each  side,  and  then  depressing  the  angle  of  the 
jaw  forcibly,  at  the  same  time  that  he  raises  the  chin  by  means  of  his  fingers 
spread  out  and  placed  underneath  it  (Fig.  2G3).  The  bone  is  then  returned 
into  its  place  with  so  forcible  a  snap  that  the  thmnbs  may  be  severely  bitten 
unless  care  be  taken,  or  tlicy  be  well  protected.  When  one  condyle  only  is 
luxated,  the  efforts  at  reduction  should  be  applied  to  the  injured  side  ody. 
After  the  reduction,  the  four-tailed  bandage  should  be  apjDlied,  as  in  cases  of 
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fracture  of  the  jaw  ;  and  for  several  days  the  patient  must  not  be  allowed  to 
talk,  or  to  eat  any  solid  food,  lest  the  displacement  return,  which  it  always  has 
a  oi-eat  tendency  to  do.  Very  old  dislocations  of  this  bone  may  be  reduced  by 
the  process  just  now  described.  Thus,  Stromeyer  replaced  one  at  the  end  of 
thirty-five,  Donovan  one  at  the  end  of  ninety-eight  days,  and  Pollock  one  at 

the  end  of  four  months. 

In  the  cases  of  suUuxation,  attention  should  be  paid  to  the  state  of  the 
o-eneral  health.  Tonics,  more  particularly  iron,  should  be  administered  ;  good 
diet,  the  cold  bath,  and  open-air  exercise  enjoined.  If,  as  frequently  happens, 
there  be  some  tenderness  about  the  temporo-maxillary  articulation,  a  series  of 
small  blisters  may  be  applied  over  it.  It  is  of  great  importance  to  prevent  the 
habit  of  recuiTence  of  the  dislocation.  This  may  usuaUy  most  conveniently  be 
done  by  letting  the  patient  wear  a  small  silk  cap  fitted  to  the  chm  and  attached 
by  four  elastic  bands  on  the  top  of  and  behind  the  head,  as  m  the  case  of  a 
fractured  jaw. 

Congenital  Dislocation  of  one  Condyle  of  the  Lower  Jaw  is  a  re- 
markable and  rare  condition,  for  an  acquaintance  with  which  we  are  chiefly 
indebted  to  E.  W.  Smith.  In  this  condition  there  is  a  singular  distortion  of 
countenance.  The  osseous  and  muscular  structures  on  the  dislocated  side  are 
atrophied,  and  the  teeth  of  the  upper  jaw  project  beyond  those  of  the  lower, 
contrary  to  what  occurs  in  the  accidental  dislocation :  the  mouth  can  be  closed, 
speech  is  perfect,  and  there  is  no  dribbling  of  saliva.  Congenital  dislocation 
of  both  condyles  has  not  yet  been  observed. 

DISLOCATIONS    OF    THE    TTPPBE  LIMB. 

Dislocations  of  the  Clavicle.— When  we  look  at  the  flat  character  of 
the  sterno-clavicular  articulation  and  the  very  small  and  shallow  surface  on 
the  acromion  upon  which  the  outer  end  of  the  clavicle  is  received,  and  reflect 
on  the  violence  to  which  the  shoulder  is  frequently  subjected,  we  might  at  first 
imagine  that  dislocations  of  the  clavicle  would  be  among  the  most  frequent 
foi-ms  of  injury  in  this  region.  But  this  is  very  far  from  being  the  case.  They 
are,  indeed,  rarely  met  with  in  comparison  with  fractures  of  this  bone.  This  is 
owing  to  several  causes  :  amongst  these  are  the  presence  of  the  interarticular 
fibro^iartilage  in  the  sterno-clavicular  articulation,  the  shortness  and  firmness 
of  the  hgaments  by  which  the  clavicle  is  attached  to  the  sternum  and  acromion, 
and  the  fact  that  any  force  apphed  to  the  bone  is  usually  received  in  a  line 
that  corresponds  to  its  axis,  thus  causing  it  to  be  bent  or  broken  rather  than 
luxated.  The  mobility  of  the  scapula,  also,  has  a  special  tendency  to  prevent 
dislocations  of  the  outer  end  of  the  clavicle,  the  two  bones  easily  moving 

together.  ^■  a 

Dislocations  of  the  clavicle  can  be  occasioned  only  by  violence  applied  to  the 
shoulder  in  such  a  direction,  as  to  drive  the  bone  inwards  towards  the  mesial 
line.  Either  the  sternal  or  the  acromial  end  of  the  clavicle  may  be  dislocated, 
and  the  simultaneous  displacement  of  both  ends  has  been  observed. 

1.  The  Sternal  End  of  the  Clavicle  may  be  luxated  in  a  direction 
forivards,  bacJacards,  or  upivards,  being  thrown  before,  behind,  or  above  the 
sternum. 

In  the  dislocation  Forwards,  which  is  the  most  common  form,  the  end  of 
the  bone  can  be  felt  in  its  new  position,  upon  the  upper  part  of  the  sternum 
and  a  little  below  the  natural  level.  The  point  of  the  shoulder  is  approximated 
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to  the  mesial  line,  and  the  depressions  abo\-e  and  below  the  clavicle  are  strongly 
defined.  It  is  occasioned  by  blows  upon  the  slioulder,  by  bending  this  part 
forcibly  backwards,  or  by  violence  applied  to  the  elbow  whilst  tlie  arm  is  raised 
from  the  side.  In  some  cases  it  occm-s  spontaneously  as  a  secondary  conse- 
quence of  lateral  curvature  or  rotation  of  the  upper  dorsal  vertebrae. 

This  dislocation  may  readily  be  rockiml  by  pulling  the  shoulder  outwards 
and  backwards,  while  the  elbow  is  brought  in  front  of  the  mid-lateral  line 
The  principal  difficulty  in  the  treatment  consists  in  preventing  the  return  of 
the  displacement,  omug  to  the  shallowness  of  the  articular  surface  upon  which 
the  clavicle  lodges.  With  this  view  a  figure-of-8  bandage  must  be  firmly 
applied  as  in  fracture  of  the  clavicle,  so  as  to  draw  the  shoulders  well  back, 
and  a  large  pad  may  be  placed  between  the  scapulae  behind,  so  as  to  increase 
its  action,  A  pad  may  also  be  applied  over  the  displaced  head  and  kept  in 
position  by  a  bandage  or  a  broad  strip  of  strapping  passing  over  the  shoulder. 
The  elbow  should  be  somewhat  advanced,  and  the  band  brought  o^'er  the 
front  of  the  chest  towards  the  opposite  shoulder. 

An  incomplete  form  of  this  dislocation  characterised  merely  by  an  unnatural 

projection  forwards  of  the  head 


has  also 
requires 


been  de- 
treat- 


no 


264.— Position  of  Clavicle  in  Dislocation  of  Sternal 
End  upwards.  (Smith.) 


of  the  bone 
scribed.  It 
ment. 

The  dislocation  Upwards  is 
extremely  rare.  In  1879  there 
were  only  eight  cases  on  record. 
It  has  been  well  described  by 
E.  W.  Smith.  In  it  the  shoulder 
falls  in,  the  sternal  end  of  the 
clavicle  forms  a  prominent 
tumour  in  front  of  the  trachea, 
the  sterno-mastoid  muscle  has  an 
arched  outline,  and  the  axis  of 
the  bone  is  directed  upwards, 
forwards,  and  inwards,  so  tliat  the 
interval  between  the  clavicle  and  the  first  rib  is  very  considerable.  The 
trachea  and  oesophagus  are  compressed  when  the  patient  sits  up  or  leans 
forwards.  Smith  found  on  dissection  that  the  head  of  the  bone  lay  above  the 
sternum,  and  rested  on  the  sterno-hyoid  muscle  and  trachea,  the  ligaments  of 
the  joint  being  torn  tlu-ough,  as  was  also  the  costo-clavicular  ligament 
(Fig.  264).  He  observes  that  the  reason  of  its  rarity  is  that  it  can  be  pro- 
duced only  by  force  acting  on  the  shoulder  in  a  very  unusual  direction,  viz., 
downwards,  inwards,  and  probably  backwards.  The  Trealment  consists  in 
placing  a  pad  in  the  axilla,  elevating  the  elbow,  and  bringing  it  well  to  the 
side.  But  I  doubt  if  the  bone,  though  replaced,  can  be  mamtaiued  in  a  good 
position. 

The  dislocation  Backwards  is  not  of  common  occurrence  :  though,  accord- 
ing to  Nelaton,  there  are  at  least  ten  or  a  dozen  ctises  on  record.  This  luxation 
appears  generally  to  have  resulted  from  the  point  of  the  shoulder  being  driven 
upwards,  or  from  the  hand  being  violently  drawn  forwards.  It  has  also  been 
observed  to  result  from  direct  pressure  of  the  clavicle  backwards,  as  by  the 
kick  of  a  horse.    In  one  case,  in  which  I  had  the  opportunity  of  examining 
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the  parts  after  death,  the  clavicle  was  dislocated  at  its  sternal  end  by  the 
wheel  of  a  cab  passing  across  the  bone,  and  thus  pressing  it  directly  backwards, 
fracturing  at  the  same  time  the  second  rib,  and  separating  the  first  from  its 
cartilage.  All  the  ligamentous  structures  around  the  end  of  the  bone  were 
torn  through,  with  the  exception  of  the  costo-clavicular  ligament,  which  had 
preserved  its  attachments  unbroken,  and  had  carried  away  the  cartilage  of  the 
first  rib  in  the  direction  of  the  displaced  clavicle.  Dislocation  backwards  has 
occurred  also  as  a  secondary  consequence  of  curvature  of  the  spine. 

The  Signs  are  those  that  usually  indicate  a  dislocation  of  the  sternal  end  of 
the  clavicle— shortening  of  the  shoulder,  and  deformity  about  the  upper  part 
of  the  sternum  ;  but,  besides  these,  a  special  train  of  symptoms  is  occasioned 
by  the  pressure  of  the  displaced  bone  upon  the  trachea,  ossophagus,  and  vessels 
of  the  neck.  Difficulty  in  breathing  and  swallowing,  with  congestion  of  the 
head  giving  rise  even  to  a  semicomatose  state,  may  be  produced  to  such  an 
extent  as  to  require  removal  of  the  end  of  the  bone,  as  happened  in^a  case  of 
gradual  dislocation  fi-om  deformity  of  the  spine  related  by  Sir  A.  Cooper,  m 
which  the  Surgeon  was  obhged  to  saw  off  the  dislocated  end.  In  some  cases, 
the  end  of  the  bone  is  thrown  upwards  as  well  as  backwards  ;  in  others,  it 
takes  rather  a  downward  direction. 

In  the  Treafnmit  of  this  dislocation,  it  is  easy  to  effect  the  reduction  of  the 
bone  by  making  a  fulcrum  of  the  fist  in  the  axilla,  and  then  bringing  the  elbow 
well  to  the  side,  at  the  same  tune  that  an  assistant  puts  his  knee  between  the 
patient's  shoulders  and  pulls  them  back  ;  but  it  is  difficult  to  retain  the 
bone  in  proper  position.  To  attain  this  object,  the  figure-of-8  bandage 
tightly  applied  to  the  points  of  the  shoulders,  and  crossed  over  a  large 
pad  placed  in  the  middle  of  the  back,  will  give  the  most  efficient  support 
to  the  part,  the  elbow  being  at  the  same  time  well  fixed  to  the  side  and 
drawn  back. 

2.  The  dislocations  of  the  Outer  End  of  the  Clavicle,  or  more  correctly, 
the  dislocations  of  the  Acromion  from  the  clavicle,  are  more  commonly  met 
with  than  those  just  described.  The  most  frequent  accident  of  this  descrip- 
tion is  that  in  which  the  bone  is  thrown  upon  the  Upper  Surface  of  the 
Acromion,  or  upon  the  Anterior  Part  of  the  Spine  of  the  Scapula.  It 
is  usually  caused  by  violent  falls  upon  the  shoulder,  and  is  not  an  uncommon 
accident  at  footbaU.  The  prominence  formed  by  the  displaced  bone  upon  the 
upper  surface  of  the  acromion,  the  narrowing  of  the  distance  from  the  mesial 
line  to  the  point  of  the  shoulder,  to  the  extent  of  from  an  inch  to  an  inch  and 
a  half,  the  facility  of  the  reduction  of  the  dislocation,  and  the  prominence  of 
the  clavicular  portion  of  the  trapezius  muscle,  indicate  the  nature  of  the  acci- 
dent (Fig.  265).  The  Treatment  is  by  no  means  satisfactory.  Reduction  may 
easily  be  efi'ected  by  raising  the  shoulder,  drawing  it  backwards,  and  carrying 
it  outwards  by  placing  a  pad  or  the  hand  in  the  axilla  and  bringing  the  elbow 
well  to  the  side.  But,  notwithstanding  the  facility  of  reduction,  there  is  in 
many  cases  an  unconquerable  tendency  to  the  return  of  the  displacement. 
This  is  owing  partly  to  the  shallowness  of  the  articular  surface  of  the  acromion, 
partly  to  the  tension  of  the  trapezius,  by  which  the  acromial  end  of  _  the  bone 
is  drawn  upwards  and  outwards,  and  in  a  great  degree  to  the  mobility  of  the 
shoulder.  In  every  movement  of  the  body  or  neck  there  will  be  found  to  be 
a  tendency  to  rising  upwards  of  the  end  of  the  dislocated  bone,  and  in  the 
majority  of  cases  this  will  be  insurmountahle  by  any  mechanical  means  that 


SPECIAL  DISLOCATIONS. 

can  be  employed.  It  is  best  limited,  if  not  obviated,  by  a  pad  and  <rutta- 
percha  plate  laid  on  the  projecting  clavicle,  and  strajjped  tiglitly  down  by  a 
band  passmg  parallel  to  the  arm  and  under  the  flexed  fore-arm,  this  Ijcing 
retained  m  position  by  being  attached  to  a  strap  passed  round  the  opposite 
axilla.  ^  Even  if  the  displacement  continue  irremediable,  a  very  useful  arm 
will  still  be  left,  though  somewhat  limited  in  its  upward  movements. 

The  outer  end  of  the  clavicle  has  been  dislocated  under  the  Acromion 
by  the  application  of  direct  violence  to  the  end  of  the  bone.    This  form  of 

displacement  is  extremely  rare ;  several  instances  have, 
however,  been  recorded.  The  diagnosis  is  easily  made 
by  simple  digital  examination;  and  the  treatment 
must  be  conducted  in  the  same  way  as  that  of  frac- 
tured clavicle. 

The  acromial  end  of  the  clavicle  is  said  to  have  been 
displaced  underneath  the  Coracoid  Process  ;  but 
it  is  possible  that  the  diagnosis  was  erroneous,  as  on 
anatomical  grounds  such  a  displacement  seems  hardly 
possible. 

Simultaneous  Dislocation  of  both  ends  of  the 
Clavicle  is  very  rare,  only  four  cases  having  been 
recorded. 

Pig.  265.-nisiocation  of  the  ^  ^DISLOCATION  OF  THE  ScAPULA.-Under  this  name 
Clavicle  ou  the  Acromion.  uas  been  described  a  very  remarkable  kind  of  dis- 
placement of  the  Lower  Angle  and  Dorsal  Border 
of  the  scapula  which  is  occasionally  met  with,  in  consequence  of  which  it  pro- 
jects at  a  considerable  angle  from  the  trunk,  giving  a  winged  appearance  to 
the  back.  This  displacement  has  been  attributed  to  the  bone  slipping  away 
from  under  the  latissimus  dorsi  muscle ;  but  it  is  probable  that  in  the  majority 
of  cases  at  least,  it  has  been  really  due  to  paralysis  of  the  sen-atus  magnus. 
Paralysis  of  the  muscle  is  easily  recognized  :  the  projection  of  the  scapula  is 
most  marked  when  the  arm  is  put  forwards  at  right  angles  to  the  trunk  ;  if 
both  arms  are  put  in  this  position  it  will  be  found  that  the  patient  can  push 
the  sound  arm  forwards  about  two  inches  further  than  the  other,  the  scapular 
movement  being  wanting  on  the  paralysed  side  ;  in  some  cases  there  has  been 
difficulty  in  raising  the  arm  above  the  head ;  expansion  of  the  chest  is  less 
perfect  on  the  affected  side,  and  if  the  patient  is  thin  it  can  be  seen  that  the 
digitations  of  the  muscle  are  feebly  marked.  In  a  case  of  this  kind  recorded 
by  G.  V.  Poore,  in  which  the  paralysis  followed  chronic  neuritis  of  the  brachial 
plexus,  the  result  of  a  strain,  the  patient  gradually  recovered  under  electrical 
treatment.  I  have  seen  some  benefit  derived  in  such  cases  from  the  endermic 
application  of  strychnine  on  a  blistered  smface,  and  afterwards  from  support 
by  means  of  a  properly  constructed  apparatus. 

Dislocations  op  the  Shoulder-joint  occur  far  more  frequently  than  those 
of  any  other  articulation.  The  reason  of  this  is  to  be  found  in  the  shallowness 
of  the  glenoid  cavity,  the  large  size  and  rounded  shape  of  the  head  of  the 
humerus,  and  the  weakness  of  the  ligaments  ;  but,  above  all,  in  the  extent 
and  force  of  the  movements  to  which  the  joint  is  subjected.  These  displace- 
ments indeed  would  be  much  more  frequent  even  than  they  are,  Merc  it  not 
for  the  protection  afforded  to  the  joint  by  the  osseous  and  ligamentous  arch 
formed  by  the  coracoid  process  and  acromion  with  their  ligaments,  the  great 
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strength  of  the  capsular  muscles  and  their  close  connection  with  the  joint, 
and  the  support  given  by  the  tension  of  the  long  head  of  the  biceps  ;  but  the 
principal  obstacle  to  dislocation  is  the  mobiUty  of  the  scapula,  enabling  all 
movements  communicated  to  the  hand  and  arm  to  react  upon  that  bone. 

The  Signs  of  dislocation  of  the  shoulder- joint  are  sufficiently  obvious,  vary- 
ing, however,  according  to  the  nature  of  the  injury.  In  all  cases  there  are 
seven  common  signs,  viz. :— 1,  a  flattening  of  the  shoulder ;  2,  a  hollow  under 
the  acromion  ;  3,  an  apparent  projection  of  this  process,  with  hollow  tension 
of  the  deltoid  ;  4,  the  presence  of  the  head  of  the  bone  in  an  abnormal  situa- 
tion; 5,  rigidity ;  6,  inability  to  place  the  hand  on  the  opposite  shoulder  while 
the  elbow  is  made  to  touch  the  front  of  the  chest  ;  and  7,  pain  about  the 
shoulder. 

The  shoulder-joint  is  susceptible  of  four  dislocations.  Of  these,  according 
to  Sir  A.  Cooper,  three  are  complete,  and  the  fourth  partial.  I  think,  how- 
ever, that  on  examination  it  will  be  found  that  the  so-called  partial  dislocation 
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Fig.  266.— Subcoracoid.      Fig.  267.— Subclavicular.      Fig.  268.— Subspiuous.      Fig.  269.— Subglenoid. 

is  in  reality  a  complete  one.  The  directions  in  which  the  head  of  the  humerus 
may  be  thrown  are — 1,  imvards  and  slightly  doiomvards  beneath  the  coracoid 
^xoc^'&%— Subcoracoid  (Fig.  266)  ;  2,  forwards  and  inwards  beneath  the  cla- 
vicle— SuMavicular  (Fig.  267)  ;  3,  lacUvards  and  doivnivards\mdLQvt\\es^va.Q 
of  the  scapula — Subspnious  (Fig.  268)  ;  4,  cloivmvards  and  slightly  inwards 
under  the  glenoid  cavity — Subglenoid  (Fig.  269). 

1.  Subcoracoid  Dislocation. — In  the  case  of  dislocation  reported 

by  Sir  A.  Cooper,  the  head  of  the  bone  was  found  to  be  thrown  out  of  the 
glenoid  cavity,  lying  under  the  coracoid  process  upon  the  anterior  part  of  the 
neck  of  the  scapula  (Fig.  266)  ;  the  capsular  muscles  were  not  torn,  but  the 
long  head  of  the  biceps  had  been  ruptured.  The  description  given  by  Sir  A. 
Cooper,  and  the  illustrative  plate  in  his  work  on  Dislocations,  appear  to 
point  to  a  form  of  injury  of  the  shoulder- joint  which  has  been  specially 
described  by  the  French  surgeons  as  a  variety  of  the  dislocation  downwards  ; 
that  form  of  displacement,  indeed,  which  by  Boyer  has  been  described  as  the 
dislocation  "  inwards,"  by  Malgaigne  as  the  "  subcoracoid  "  luxation,  and  by 
Velpeau  as  the  "  subscapular  "  dislocation  ;  in  which  the  head  of  the  humerus 
is  placed  in  front  of  the  neck  of  the  scapula,  and  underneath  the  subscapular 
muscle.  In  this  dislocation  the  head  of  the  bone,  instead  of  being  thrown,  as 
in  the  subglenoid,  downwards  and  slightly  inwards,  is  thrown  inwards  either 
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directly  or  slightly  downwards  as  well.  Why  Sir  A.  Cooper  described  this  as 
a  pariial  dislocation,  I  do  not  nndei'stand  ;  for  not  only  was  there  rupture  of 
the  capsule  and  of  the  long  tendon  of  the  biceps,  but  the  woodcut  at  page  401 
of  the  last  edition  of  his  work  shows  clearly  that  the  head  of  the  Ijone  had 
formed  a  new  articular  cavity  for  itself  in  the  subscapular  fossa,  being  appa- 
rently thrown  completely  out  of  the  glenoid  cavity. 

There  is  here  less  deformity  than  in  tlie  other  luxations,  the  acromion  not 
forming  so  distinct  a  projection  (Fig.  270).  The  alteration  in  length 
measured  from  the  acromion  to  the  olecranon  is  never  great,  and  often  none 
can  be  detected.  It  may  be  either  in  the  direction  of  lengthening  or  shorten- 
ing, but  is  not  enough  to  be  of  any  diagnostic  value. 
The  elbow  is  generally  carried  backwards  and  always 
slightly  away  from  the  side  ;  the  head  of  the  bone  is 
placed  deeply  in  the  upper  and  inner  part  of  the 
axilla,  and  cannot  always  be  very  distinctly  felt,  owing 
to  its  being  thickly  covered  with  soft  parts,  by  the 
coraco-brachialis  as  well  as  by  the  pectorals  ;  rotation 
of  the  arm  and  elevation  of  the  elbow  are  usually 
required  in  order  that  it  may  be  detected.  There 
may  be  pain  from  the  pressure  of  the  head  of  the 
bone  on  the  nerves  or  from  stretching,  and  if  the  vein 
be  pressed  on,  oedema  of  the  whole  limb  will  occur. 

2.  In  the  dislocation  Forwards,  or  the  Subclavi- 
cular (Fig.  267),  the  head  of  the  bone  is  thrown  on 
/  \  ^  the  inner  side  of  the  coracoid  process,  lying  upon  the 

Fig.  27o.-subcoraooki  Disio-  S'^cond  and  third  ribs  under  the  pectoral  muscles,  and 
eatioii  of  Humerus.  immediately  bclow  the  clavicle.  This  dislocation 
is  merely  an  increased  degi-ee  of  the  preceding  one, 
the  head  of  the  bone,  which  at  first  lies  under  the  coracoid  jDrocess, 
being  readily  drawn  inwards,  so  as  to  be  placed  to  the  inner  side  of  that 
process  under  the  clavicle.  In  these  cases  the  capsular  muscles  are  much 
stretched  or  torn.  In  a  case  recorded  by  Curling,  the  infraspinatus  and  sub- 
scapularis  muscles  were  torn  away  fr-om  the  tuberosities  of  the  humerus,  and 
the  teres  minor  partially  lacerated  ;  the  capsule  being  completely  separated 
from  the  neck  of  the  bone,  which  pressed  forcibly  upon  the  axillary  vessels 
and  nei-ves.  In  three  cases  which  I  have  had  an  opportunity  of  dissecting, 
the  great  tuberosity  was  torn  away  from  the  head  of  the  bone,  with  much 
laceration  of  the  capsule  and  extensive  extravasation,  but  without  rupture  of 
the  external  rotator  muscles  in  two  instances  ;  whilst  in  the  third  the  supra- 
spinatus,  the  infraspinatus,  and  the  teres  minor,  were  all  torn  across  near  their 
insertions.  In  fact,  in  these  cases  it  appears  to  be  a  question  of  strength 
between  muscle  and  bone  ;  either  the  muscles  are  torn  across,  or  the  great 
tuberosity  is  torn  away,  leaving  its  attached  muscles  unruptui-ed. 

In  this  dislocation,  the  head  of  the  humerus  can  be  felt  and  seen  under  the 
pectoral  muscles  beneath  the  clavicle  ;  the  arm  is  shortened,  the  axis  of  the 
limb  being  directed  towards  the  head  of  the  bone,  and  the  elbow  is  a  good 
deal  separated  from  the  side  and  thrown  back. 

3.  In  the  dislocation  Backwards,  or  the  Subspinous  (Figs.  271,  272), 
the  head  of  the  humerus  lies  behind  the  glenoid  cavity,  and  below  the  spine 
of  the  scapula,  beneath  the  infraspinatus  and  teres  minor  muscles.    Key  found 
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the  tendon  of  the  subscapularis  torn  across,  together  with  the  internal  portion 
of  the  capsular  ligament  ;  the  supraspinatus  and  the  long  head  of  the  biceps 
being  stretched,  but  not  ruptured. 

When  the  head  of  the  bone  is  dislocated  below  the  spine  of  the  scapula,  it 
can  be  felt  and  seen  there,  more  especially  when  the  arm  is  rotated.  The  axis 
of  the  limb  is  altered,  being  directed  upwards  and  backwards  ;  the  elbow  is 
raised  from  the  side,  to  which  it  cannot  be  approximated,  and  is  carried 
forwards.  There  is  Kttle  or  no  alteration  in  the  length  of  the  hmb,  but  such 
as  there  is  is  said  to  be  in  the  direction  of  lengthening.  The  accompanying 
figures,  for  which  I  am  indebted  to  Rushton  Parker,  of  Liverpool,  show 
admirably  the  deformity  in  this  dislocation. 

4.  In  the  dislocation  Downwards,  or  the  Subglenoid  (Fig.  269),  the  head 
of  the  bone  lies  in.  the  axilla,  resting  against  the  inferior  costa  of  the  scapula 


below  the  glenoid  cavity,  and  lodged  between  the  subscapular  muscle  and  the 
long  portion  of  the  triceps.  In  it  the  tendon  of  the  subscapular  muscle  is 
commonly  torn  near  its  insertion  into  the  lesser  tuberosity  of  the  humerus,  and 
the  capsular  ligament  is  largely  lacerated.  The  supraspinatus  muscle  may 
also  be  torn  through,  or  a  portion  of  the  great  tuberosity  of  the  humerus  de- 
tached, and  the  rest  of  the  capsular  muscles  put  greatly  on  the  stretch.  The 
axillary  artery  and  plexus  of  nerves  are  compressed  and  stretched  by  the  dis- 
located head  of  the  bone,  so  that  severe  pain  is  commonly  experienced  in 
the  hand  and  arm,  often  accompanied  by  numbness  of  the  fingers.  The  com- 
pression of  the  artery  is  so  ,  great,  that  the  circulation  through  the  limb  may 
be  completely  arrested.  This  I  saw  well  illustrated  in  a  case  of  dislocation 
comjjlicated  with  a  subglenoid  wound  of  the  forearm,  dividing  the  radial  and 
ulnar  arteries.  As  long  as  the  dislocation  remained  unreduced,  no  haemorrhage 
took  place  ;  but  when  the  head  of  the  bone  was  replaced,  the  injui'ed  arteries 
bled  freely. 

The  head  of  the  bone  can  usually  be  readily  felt  in  the  axilla,  at  its  anterior 
and  under  part ;  the  arm  is  lengthened  to  the  extent  of  about  an  inch,  and 
the  forearm  is  usually  somewhat  bent.  The  elbow  is  separated  from  the  trunk 


Kig.  271. — Dislocation  of  the  right 
Humerus  backwards.  (Front  View.) 


Fig.  2i'2.  —  Dislocation  of  the  riglil 
Humerus  backwards.    Back  View.) 


r 
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and  carried  slightly  backwards.  If  the  head  of  tbe  bone  cannot  be  felt  in 
the  axilla,  its  presence  there  may  be  ascertained,  as  Cooper  directs,  by  raising 
the  elbow,  when  it  at  once  becomes  perceptible.  On  looking  at  the  patient  from 
the  front  it  will  be  seen  that  the  lower  border  of  the  pectoralis  major,  foi-minf 
the  anterior  axillary  fold,  lies  lower  than  on  the  opposite  side,  and  if  the  cir- 
cumference of  the  shoulder  be  measured  by  a  tape  passed  under  the  aim,  it 
will  be  found  to  be  greater  on  the  injured  side  (Fig.  273). 

The  dislocation  of  the  humerus,  to  which  the  term  Partial  is  usually 

applied,  is  that  which  was  described  by  Soden 
in  1841,  in  which  the  long  tendon  of  the  biceps 
is  displaced  from  its  groove  or  ruptured,  and 
the  head  of  the  bone  is  thrown  upwards  and 
forwards  towards  the  coracoid  process,  but  not 
out  of  the  glenoid  cavity.  It  is  to  this  form 
of  displacement  also  that  Callaway  seems  dis- 
posed to  confine  the  term  joariial.  Le  Gros 
Clark  has  pubhshed  an  account  of  a  case  in 
which  there  was  partial  dislocation  of  the  head 
of  the  humerus  behind  and  below  the  acromion. 

In  this  partial  dislocation  the  signs  do  not 
appear  to  be  very  evident.    In  Soden's  case 
there  was  slight  flattening  of  the  outer  and  pos- 
Fig.  2T3.-sut)gienoid  Dislocation.     terior  parts  of  the  joint,  and  the  head  of  the 

bone  appeared  to  be  drawn  higher  up  in  the 
glenoid  cavity  than  usual,  Great  pain  was  induced  by  any  movement  of  the 
biceps  muscle  ;  and,  on  attempting  any  overhead  motions,  the  head  of  the 
bone  became  locked  by  the  acromion. 

Subluxation  of  the  head  of  the  humerus  forwards  occasionally  occurs  as 
a  consequence  of  falls  upon  the  hand  or  elbow.  The  injury  produces  ah  the 
signs  of  the  subcoracoid  dislocations,  but  in  a  minor  degree.  The  head  of  the 
humerus  lies  on  the  edge  of  the  glenoid  cavity.  It  can  easily  be  replaced,  but 
as  readily  slips  out  again,  and  consequently  the  accident  is  very  apt  to  lead  to 
permanent  weakness  of  the  shoulder-joint.  The  treatment  consists  in  its 
reduction,  and  the  retention  of  the  head  of  the  bone  in  its  place  by  a  carefully 
moulded  leather  shoulder-cap,  fitted  with  a  truss  spring  and  pad  to  press  the 
head  of  the  humerus  against  the  glenoid  surfaces. 

Causes. — Dislocations  of  the  shoulder- joint  are  in  almost  all  cases  the  result 
of  falls  upon  the  hand  or  elbow  ;  the  particular  variety  of  dislocation  depend- 
ing upon  the  direction  of  the  shock  communicated  to  the  arm,  and  the 
position  of  the  limb  at  the  time  of  receiving  it.  On  this  account  we  almost 
invariably  find  the  displacement  in  a  direction  inwards.  When  a  person  saves 
himself  in  falling  with  his  arms  widely  stretched  out,  the  head  of  the  humerus 
is  driven  with  all  the  force  of  a  long  lever  against  the  lower  and  inner  portion 
of  the  capsule,  which,  being  ruptured  in  this  its  weakest  part,  allows  the  bone 
to  be  thrown  upon  or  to  the  inside  of  the  inferior  costa  of  the  scapula,  and 
thus  into  the  axilla.  When  the  patient  falls  upon  his  elbow,  the  inner  part  of 
the  joint  is  still  acted  on  ;  but,  the  leverage  not  being  so  great,  the  head  of 
the  bone  is  thrown  upwards  or  forwards  under  the  clavicle.  This  dislocation 
is  often  also  the  result  of  direct  violence  applied  to  the  shoulder.  The 
dislocation  backwards  can  take  place  only  if  the  arm  receive  the  shock  at  the 
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time  when  it  is  stretched  across  the  chest.  As  this  is  an  nnusual  position  for 
any  injury  to  be  received  in,  this  dislocation  is  proportionately  raj-e.  An 
obstacle  to  this  displacement  may  also  be  found  m  the  great  strength  of  the 
outer  portion  of  the  capsule  of  the  joint,  as  compared  with  the  inner  _ 

Relative  Frequency.-Sir  A.  Cooper  states  that  the  dislocation  "  mto  the 
axilla  "  is  the  most  frequent  iorm  of  accident.  This  opinion  is  conhrmed  by 
most  Enghsh  Surgeons.  I^ut  Malgaigne,  and  more  recently  Flowei^  have 
expressed  the  opinion  that  the  subcoracoid  is  the  most  common  form.  Flower 
found  that  of  forty-one  specimens  in  the  London  nauseums  thirty-one  were 
undoubtedly  snlcpracoid,  and  that,  of  fifty  recent  cases  of  which  he  had 
cognizance,  forty-four  were  of  this  form.  Next  m  order  of  frequency  comes 
the  mlHilenoid,  and  then  the  suUlcwicular,  which  is  rare.  I  believe  the  sub- 
clavicular to  be  an  exaggerated  degree  of  the  subcoracoid  ;  the  continuance 
of  the  same  force  which  has  thrown  the  head  of  the  bone  to  the  inner  side 
of  the  coracoid  process,  carrying  it  upwards  and  inwards  under  the  c  avicle. 
The  displacement  of  the  head  of  t*lie  bone  under  the  spme  of  the  scapula  is  so 
rare  that  Sir  A.  Cooper  met  with  only  two  cases  of  it. 

Diagnosis  of  Injuries  about  the  Shoulder.-In  all  cases  of  mjuiy  to  the 
shoulder  the  patient  should  be  stripped  so  as  to  show  both  shoulders  m  order 
that  the  two  sides  may  be  compared.  But  little  is  to  be  learn  from  the 
history,  as  different  forms  of  injury  may  arise  from  apparently  similar 
accidents.  The  attitude  of  the  patient  is  often  characteristic  ;  m  all  disloca- 
tions the  elbow  is  separated  from  the  body  and  the  patient  leans  towards  the 
injured  side,  so  as  to  allow  the  limb  to  hang  perpendicularly  m  its  new  axis  ; 
in  fractures  the  elbow  is  close  to  the  side  and  the  arm  hangs  powerless.  In 
fractured  clavicle  the  patient  inclines  the  head  to  the  injured  side  and  supports 
the  weio-ht  of  the  arm  by  holding  the  elbow  in  the  opposite  hand.  _  The  power 
of  moving  the  arm  remains  to  some  extent  in  all  dislocations,  m  impacted 
fractures  of  the  neck  of  the  humerus,  and  in  fractures  of  the  clavicle  between 
the  hgaments  ;  but  it  is  entirely  lost  in  unimpacted  fractures  of  the  neck  of 
the  humerus  and  in  fractures  of  the  clavicle  about  the  middle,  or  is  accompamed 
by  so  much  pain  that  the  patient  cannot  be  persuaded  to  attempt  it.  Having 
ascertained  this  much,  the  Surgeon  should  stand  behind  the  patient  and  place 
his  hands  over  the  shoulders  in  such  a  way  that  the  tips  of  the  fore-fingers 
rest  on  the  sterno-clavicular  articulation  and  the  thumbs  on  the  spines  of  the 
scapula.  By  comparing  the  two  sterno-clavicular  articulations  he  will  at  once 
recognize  any  dislocation  or  fracture  of  the  sternal  end  of  the  clavicle  He 
then  moves  his  fingers  steadily  outwards  along  the  clavicles  until  he  finds  the 
prominence  that  always  marks  the  acromio-clavicular  articulation  on  each 
Bide  In  doing  this  he  will  recognize  any  fracture  of  the  clavicle,  and  by 
comparing  the  acromio-clavicular  articulations  would  detect  any  dislocation  of 
that  joint.  The  only  injury  that  would  escape  detection  in  this  way  imght  be 
the  fracture  of  the  clavicle  between  the  cora,co-clavicular  ligaments.  Tender- 
ness would,  however,  be  found  Avhich  might  draw  attention  to  the  seat  of 
injury  as  the  fingers  passed  over  it.  The  fingers  are  now  to  be  passed  round 
the  acromion,  carefully  comparing  it  with  that  on  the  injured  side,  by  which  a 
fracture  of  its  tip  will  be  detected.  At  the  posterior  part  of  the  acromion 
process  near  its  root  is  always  a  small  tubercle  of  bone,  which  has  not,  so  far 
as  I  am  aware,  any  definite  name.  It  serves  to  guide  the  Surgeon  in  placing 
his  hands  symmetrically  on  the  shoulders,  and  is  also  an  excellent  pomt  from 
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whicli  to  measure  the  leng-tli  of  tlie  arm.  ITavino-  recognized  this  tubercle, 
the  fingers  may  be  run  along  the  spine,  and  any  fracture  hei-e  would  be  easily 
detected  if  not  concealed  by  extravasated  blood,  as  is  usually  the  case  in 
fracture  of  the  scapula.  Having  found  the  two  sides  symmetrical  so  far,  the 
Surgeon  now  places  his  hand  flat  on  the  shoulder  on  each  side,  witli  the  fore- 
fingers on  the  acromion,  and  presses  the  three  other  fingers  finnly  in  under  the 
process,  by  which  he  will  at  once  ascertain  whether  the  head  of  the  bone  is  in 
its  place  or  not,  the  liollow  under  the  acromion  being  very  clearly  marked  whea 
there  is  a  dislocation.  After  this  the  middle  finger  on  each  side  should  be 
placed  on  the  tip  of  the  coracoid  process,  which  projects  sharply  forwards  about 
an  inch  below  the  clavicle,  while  the  ring  finger  is  pushed  into  the  hollow  be- 
tween the  coracoid  process  and  the  head  of  the  humerus  ;  by  this  means  a  sub- 
coracoid  dislocation  is  recognized  by  the  approximation  of  the  head  of  the 
bone  to  the  process  ;  the  fore-finger,  feeling  on  the  inner  side  of  the  coracoid 
process  on  each  side,  would  at  once  recognize  the  difference  caused  by  the 
presence  of  the  head  in  a  subclavicular  dislocation.  In  a  subglenoid  disloca- 
tion the  head  of  the  bone  may  be  felt  somewhat  indistinctly  below  and  external 
to  the  coracoid  process.  In  a  subspinous  dislocation  the  prominence  of  the 
head  will  be  found  just  beneath  and  internal  to  the  process  of  bone  at  the 
hack  of  the  acromion  before  mentioned.  If  by  this  examination  all  dis- 
locations of  the  clavicle,  acromion,  and  humerus,  and  all  fractures  of  the 
clavicle  are  excluded,  the  Surgeon  must  next  carefully  examine  the  head  of  the 
humerus,  both  from  the  axilla,  and  by  the  finger  and  thumb  gi-asping  the  bone 
through  the  deltoid.  Increased  width  or  a  projecting  angle  of  bone  may  thus 
be  felt  which  would  indicate  an  impacted  fractui-e.  In  fi-acture  of  the  surgical 
neck  the  end  of  the  upper  fragment  can  be  recognized  both  from  the  axilla 
and  below  the  tip  of  the  coracoid  process.  Fracture  of  the  great  tuberosity  is 
always  complicated  with  partial  or  complete  dislocation,  and  would  be  recognized 
only  by  the  presence  of  the  signs  of  dislocation  with  crepitus  and  difficulty 
of  keeping  the  joint  in  position  after  reduction.  Having  thus  carefully 
examined  by  manipulation  he  may  proceed  to  measurement.  This  is  done  by 
flexing  the  elbow  to  a  right  angle  and  measuring  from  the  point  of  bone  above 
mentioned'  on  the  root  of  the  acromion  to  the  olecranon.  There  is  only  one 
injury  in  which  there  is  marked  lengthening — the  subglenoid  dislocation  ;  in 
the  subcoracoid  dislocation  there  is  usually  a  very  little  shortening,  but  slight 
lengthening  is  also  said  to  occur  when  the  head  of  the  bone  lies  rather  lower 
than  usual.  In  fracture  of  the  surgical  neck  there  is  great  shortening— an 
inch  or  more  ;  in  impacted  fracture  the  shortening  is  very  slight,  seldom  over 
half  an  inch.  In  injuries  of  the  clavicle  there  is  no  shortening.  Measure- 
ments should  next  be  taken  from  the  tip  of  the  acromion  to  the  middle  line  in 
front  ;  there  will  be  shortening  in  all  fractures  of  the  clavicle  (except  that 
between  the  ligaments)  and  in  all  dislocations  of  the  acromion  and  clavicle. 
In  other  injuries  the  length  is  unaltered.  Finally  the  arm  must  be  examined 
by  passive  movement.  In  all  dislocations  of  the  humerus  it  will  be  found 
impossible  to  place  the  hand  on  the  opposite  shoulder  with  the  elbow  touching 
the  epigastrium  in  ft'ont.  In  unimpacted  fractures  the  movement  is  accom- 
panied by  great  pain  and  crepitus.  In  fracture  of  the  clavicle  between  the 
ligaments  the  crepitus  may  be  a  mere  click  felt  on  raising  the  arm  over 
the  head.  If  after  thorough  examination  nothing  can  be  detected,  and 
yet  the  patient  is  suffering  pain  with  inability  to  move  the  joint,  the  deltoid 
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may  be  examined,  and  a  tender  spot  may  be  found.  If  at  the  same  time  all 
passive  movement  is  free  and  unaccompanied  by  pain,  unless  the  muscle  is 
stretched,  while  voluntary  contraction  of  the  muscle  is  painful,  the  case  is 
probably  one  of  bruise  of  the  deltoid  with  possibly  a  laceration  of  some  of  its 
fibres.  If  there  is  slight  fulness  about  the  shoulder,  with  pain  on  passive 
or  active  movement,  the  case  is  probably  one  of  inflammation  of  the  joint 
following  a  bruise. 

At  a  more  remote  period  fi-om  the  injury,  intense  pain  while  at  rest, 
aggravated  by  movement,  may  be  due  to  neuritis  of  the  brachial  plexus 
following  a  strain,  which  may  be  recognized  by  the  symptoms  described  in 
the  chapter  on  injuries  of  nerves. 

Paralysis  of  the  deltoid  from  a  Uoio  or  from  injury  of  the  circumflex  nerve 


Fig.  274.— Beduction  of  Dislocation  of  the  Humerus  by  the  reiijendicular  method, 


may  simulate  a  dislocation,  the  shoulder  being  flattened  and  the  acromion 
projecting  ;  but  here  the  mobility  of  the  joint,  and  the  presence  of  the  head 
of  the  bone  in  the  glenoid  cavity,  establish  the  absence  of  dislocation. 

The  Reduction  of  a  dislocated  humerus  may  be  conducted  on  four 
different  plans  :—l,  Elevation  of  the  limb;  2,  by  manipulation;  3,  by  the 
heel  in  the  axilla;  and,  4,  by  the  knee  'in  the  axilla.  Whichever  plan  is 
adopted,  if  the  patient  be  strong,  it  may  be  necessary  to  put  him  under  the 
influence  of  chloroform  ;  when  his  muscles  are  paralysed  by  this  agent,  but 
little  force  is  required  to  effect  the  reduction,  the  Surgeon's  unaided  strength 
usually  sufficing.  If  more  power,  however,  should  be  required  than  he  can 
exercise,  extension  may  be  made  by  assistants  drawing  upon  a  towel  properly 
fixed  round  the  lower  end  of  the  humerus,  or  else  by  the  pulleys  attached  to 
the  same  part  of  the  limb. 

1.  In  all  cases  of  subglenoid,  or  subcoracoid  dislocation,  an  attempt,  which 

X  X  2 


676  SPECIAL  DISLOCATIONS. 

will  in  most  cases  bo  successful,  sliould  be  made  to  reduce  the  Ijone  bv  simnl^' 
elevation  of  tbe  limb.  This  mode  of  reduction  was  lirst  descriljed  by 
Charles  White,  of  Manchester,  in  1770.  The  patient  must  be  placed  upon  "a 
low  chau-  or  couch,  and  the  arm  raised  perpendicularly  by  the  side  of  the 
head  at  the  same  time  that  gentle  traction  is  made  upon  it.  In  many  cases 
so  little  force  is  required  that  no  counter-extension  is  required  beyond  the 
weight  of  the  patient's  body,  or  the  Surgeon  may  extend  the  arm  "with  one 
hand  while  he  steadies  the  shoulder  with  the  other  placed  on  the  acromion 
and  the  outer  end  of  the  clavicle.  Should  more  force  be  necessary,  an 
assistant  may  steady  the  shoulder,  or  the  Surgeon  may  use  his  foot  (Fig.  -n-i). 
When  the  bone  is  felt  to  slip  in,  the  arm  must  be  brought  down  to  the  side', 
while  the  head  of  the  bone  is  held  outwards  by  the  hand  in  the  axilla.  In 


Fig.  275.— Reduction  of  a  Dislocated  Shoulder-joint  by  tlie  Heel  in  the  Axilla. 


this  mode  of  reduction  the  untorn  part  of  the  capsule  is  relaxed  to  the  greatest 
possible  extent,  as  also  is  the  deltoid,  which  is  one  of  the  most  powerfiil  of  the 
muscles  concerned  in  keeping  up  the  displacement.  This  method  is  almost 
painless  in  most  cases,  and  for  this  reason  should  always  be  tried  before 
resorting  to  other  means. 

2.  Reduction  by  the  following  manipulation  has  been  recommended  by 
Kocher  in  all  cases  of  subcoracoid  dislocation  :— Seat  the  patient  in  a  chair, 
and  stand  by  his  side  ;  then  flex  his  elbow  to  a  right  angle  and  press  it 
inwards  as  far  as  possible  towards  the  chest ;  then,  holding  the  elbow  in  one 
hand,  and  using  the  forearm  as  a  lever,  rotate  gently  and  steadily  outwards 
till  a  distinct  sense  of  resistance  is  felt ;  the  elbow'  must  be  now  brought 
forwards,  or  in  other  words  the  arm  must  be  raised,  with  a  slight  inclinattoii 
inwards  ;  finally,  the  hand  is  placed  on  the  opposite  shoulder,  by  which  a  } 
movement  of  rotation  inwards  is  impressed  on  the  humerus.  This  method, 
which  was  the  result  of  the  examination  of  dislocations  produced  on  the 
dead  body,  is  so  devised  as  to  relax  the  tight  bands  of  the  capsule  and  to 
make  the  opening  gape.  It  has,  in  Kocher's  hands,  been  very  successful  even 
with  old  dislocations  :  thus,  he  has  successfully  reduced  one  at  three  weeks. 
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two  at  five  weeks,  three  at  seven  weeks,  four  at  three  months,  and  two  _  at 
Four  mouths.  In  one  case,  an  old  woman  of  70,  with  an  unreduced  dislocation 
eio-ht  ^^•eeks  old,  fracture  of  the  arm  took  place,  and  reduction  became  im- 
possible. 

3.  The  reduction  of  the  dislocation  the  heel  m  the  axilla  is  a_  most 
efficient  procedure  in  ordinary  cases.  In  adopting  this  plan,  the  patient  is 
laid  on  his  back  upon  a  low  bed  or  couch,  or  on  the  ground  ;  the  Surgeon, 
seating  himself  on  the  same  side  as  the  dislocated  arm,  takes  the  limb  by  the 
wrist,°and  places  one  foot,  covered  merely  with  the  stocking,  well  up  into  the 
axilla,  so  that  the  heel  may  press  against  the  lower  border  of  the  scapula,  and 
the  foot  act  upon  the  humerus  (Fig.  275). 
He  then  draws  the  limb  steadily  down- 
wards, and,  when  it  is  disengaged  to  a 
sufficient  extent,  brings  the  hand  across 
the  front  of  the  patient,  the  foot  acting 
as  a  fulcrum,  by  which  the  head  of  the 
bone  may  be  reduced  by  being  pushed 
upwards  and  outwards.  This  mode  of 
reduction  is  very  successful  in  ordinary 
dislocations  into  the  axilla,  and  in  those 
under  the  clavicle.  In  the  latter,  how- 
ever, it  will  be  necessary  to  draw  the  arm 
more  obliquely  downwards  and  back- 
wards, and  to  press  the  foot  somewhat 
forwards  upon  the  head  of  the  bone,  after 
it  has  been  disengaged  by  being  brought 
below  the  coracoid  process. 

4.  The  reduction  hy  the  hue  in  the 
axilla  (Fig.  276)  is  precisely  the  same  in 
principle  as  the  last,  though  not  by  any 
means  so  good  a  plan,  the  knee  being  too 
large,  and  not  following  the  movements  of 
the  humerus  so  readily  as  the  foot.  In 
efFecting  the  reduction  by  this  means,  the 
patient  is  seated  on  a  chair  ;  and  the 
Surgeon,  standing  by  his  side  and  resting  one  foot  upon  the  chair,  places  his 
knee  in  the  patient's  axiUa.  He  then  seizes  the  patient's  arm  above  the  elbow 
with  his  right  hand,  and,  steadying  the  acromion  with  his  left,  draws  the 
limb  well  away  from  the  body  and  then  depresses  it  across  the  knee  ;  the  head 
of  the  bone  is  thus  reduced. 

If  these  simpler  methods  fail,  or  the  dislocation  be  of  old  standing,  it  may 
be  necessary  to  have  recourse  to  the  pulleys  in  order  to  effect  reduction.  In 
applying  these  the  scapula  must  be  firmly  fixed,  the  counter-extension  being 
made  by  passing  the  patient's  arm  through  a  slit  in  the  middle  of  a  jack-towel, 
which  should  be  fixed  firmly  to  a  hook  or  staple  in  the  wall.  The  extending 
force  may  then  be  applied  immediately  above  the  elbow  ;  traction  being 
made  slowly  and  steadily  in  the  direction  of  the  axis  of  the  limb.  The  head 
of  the  bone  should  be  directed  to  the  glenoid  cavity  by  the  pressure  of  the 
Surgeon's  hands,  as  soon  as  it  has  come  on  a  level  with  it.  In  this  way 
dislocations  of  the  humerus  of  many  weeks'  or  even  months'  standing  have 
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276. — Reduction  of  a  Dislocation  of  the 
Humerus  by  the  Knee  in  the  Axilla. 
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been  sncocssfully  reduced  ;  but  in  einployino-  these  powerful  means,  especially 
under  the  mflueuce  of  chloroform,  the  Surgeon  should  always  ))ear  in  mind 
tnat,  unless  care  be  taken,  serious  mischief,  eveii  laceration  of  the  uvillarv 
artery,  may  result  (pp.  057,  658).  ^ 

After  a  dislocation  of  the  humerus  has  been  reduced,  the  limb  should  be 
tirmly  fixed  to  the  side  for  two  weeks.  It  may  then  be  i)ut  in  a  slin<. 
for  another  fortnight  ;  and,  at  the  end  of  a  month,  passive  motion,  with 
tnction,  may  be  employed.  If  inflammation  occur  about  the  joint,  recourse 
may  be  had  to  leeches  and  evaporating  lotions. 

After  reduction,  there  is  sometimes  a  tendency  for  the  head  of  the  bone 
to  be  drawn  upwards  and  outwards  under  and  against  the  acromion,  owing 
evidently  to  the  deltoid  and  coraco-brachialis  muscles  not  being  counter- 
balanced m  their  actions  by  those  that  have  been  separated  from  the  head  of 
the  bone. 

Compound  Dislocation  of  the  Head  of  the  Humerus  is  a  rare 
accident.  I  have,  however,  seen  two  cases  of  it,  and  in  two  directions  •  do\vn- 
y^^Td^—Sulglmioid,  and  iim^vdi^—SuUoracoid.  In  both  cases  reduction  was 
effected,  and  the  patients  did  well.  In  such  a  case,  even  though  the  injury  be 
extensive,  it  is  better  not  to  amputate  if  the  axillary  vessels  and  nerves  be 
uninjured.  The  Hmb  may  be  saved  by  reducing  the  bone  at  once  ;  and  the 
wound  should  be  treated  according  to  the  rules  laid  down  in  the  chapter  on 
wounds  of  joints.  If  the  axillary  artery  be  ruptui-ed,  either  completely  or 
through  Its  inner  and  middle  coats,  obstruction  to  the  arterial  circulation  of 
the  arm  will  ensue,  and  amputation  must  be  performed  through  the  articulation. 

Complications.— A  Simple  Dislocation  of  the  Head  of  the  Humerus,  with 
Rupture  of  the  Axillary  Artery  and  the  formation  of  a  diffiised  axillary 
aneurism,  is  fortunately  rare.  The  treatment  wiU  be  discussed  when  treating 
of  rupture  of  the  artery  during  attempted  reduction  of  an  old  dislocation. 

A  very  serious  accident,  and  one  apparently  difficult  to  treat,  consist?  in 
the  complication  of  a  Dislocation  of  the  Humerus  icith  Fracture  through  the 
Epiphysis  of  the  displaced  bone.    A  case  of  this  kind,  to  which  I  was  called 
IS  described  at  page  660.  ' 

When  the  dislocation  is  complicated  with  a  Fracture  of  the  Slutft.  of  thi- 
Bone,  It  should  be  reduced  at  once  by  putting  thefi-acture  up  very  firmly,  and 
then  attempting  the  reduction  by  one  of  the  usual  methods.  In  the  cases  to 
which  J  have  already  referred  (p.  660),  I  succeeded  without  difficulty  by 
means  of  the  heel  in  the  axilla. 

Congenital  Dislocations  of  the  Shoulder-joint  have  attracted  much 
attention.  R.  W.  Smith  has  ascertained,  by  post-mortem  examination,  the 
existence  of  two  varieties  of  this  condition— the  Sulcoracoid  and  Subacromial. 
In  these  there  is  wasting  of  the  muscles  of  the  shoulder  and  arm,  the  motions 
of  which  are  extremely  limited,  whilst  those  of  the  scapula  are  preternatural]  v 
great.  Tlie  condition  of  the  bones  is  also  remarkable.  In  a  case  of  conge- 
nital subacromial  luxation  of  both  shoulders  there  Avas  no  trace  of  a  glenoid 
cavity  ;  but  a  well-formed  socket  existed  on  the  outer  side  of  the  neck  of 
the  scapula,  receiving  the  head  of  the  humerus,  which  was  small  and  distorted. 
These  dislocations,  though  existing  from  birth,  usually  become  more  marked 
as  age  advances,  and  are  necessarily  irremediable,  in  consequence  of  the  mal- 
fomation  of  the  bones  and  the  wasting  of  the  muscles. 

Old  Unreduced  Dislocations  of  the  Head  of  the  Humerus  are  not 
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unfrenuently  met  with.  lu  the  majority  of  these  cases  there  is  a  considerable 
2"  pafn  and  immobility  about  the  shoulder  at  first  ;  but  after  a  tune 
the  head  of  the  humerus  forms  a  new  bed  for  itself,  and  the  movemen  s  of  the 
arm  become  freer  and  less  painful,  so  that  eventually  a  limb,  useful  for  all 
except  the  overhead  movements,  results. 

In  cases  of  old  dislocation  of  the  head  of  the  humerus,  the  question  as  to 
the  advisability  of  attempting  reduction  always  presents  itself  to  the  Surgeon 
As  a  general  rule  this  should  always  be  attempted  under  chloroform  m 
accordance  with  the  principles  laid  down  at     655,  if  only  a  few  weeks  have 
elapsed  from  the  time  of  the  accident,  and  then  it  will  usually  be  attended 
,vith  success.    Reduction  has  been  affected  in  many  cases  at  much  latei 
periods  than  this  ;  by  Brodhurst,  after  twenty-five  weeks  had  eljsed  ;  by 
Smith  (U.S.),  after  six,  seven,  eight,  nine,  and  ten  months  ;  by  Malgaigne, 
after  eight  months  ;  by  Caron  du  Pillard,  after  six  months  ;  and  by  Sedillot, 
after  a  year.    By  the  use  of  the  subcutaneous  division_  of  muscles,  &c., 
Dieffenbach  is  said  to  have  succeeded  in  reducing  a  dislocation  of  the  shoulder 
after  it  had  existed  two  years.    In  many  cases,  however  at  a  much  earher 
period  than  these,  the  Sm-geon  will  fail,  notwithstanding  the  most  persevering 
attempts  at  reduction  ;  and  in  others  again,  certain  accidents  have  occurred, 
which  every  Surgeon  should  bear  in  mind,  so  as  to  render  him  cautious  in 

The°3mS  that  have  occurred  in  attempts  at  reducing  old-standing  dislo- 
cations of  the  head  of  the  humerus  are  such  as  may  arise  either  from  the 
employment  of  an  undue  amount  of  force,  from  the  separation  of  the  head  ot 
the  humerus  from  the  adhesions  that  it  has  contracted  in  its  new  situation  or 
from  pathological  changes  in  the  limb  itself.  Among  the  first,  are  laceration 
and  bruising  of  the  skin,  subcutaneous  areolar  tissue,  and  muscles,  with  extra- 
vasation of  blood  :  amongst  the  latter  are  fracture  of  the  humerus,  laceration 
of  the  axillary  vessels  and  nerves,  and  avulsion  of  the  limb. 

Fracture  of  the  humerus  has  occurred  in  the  practice  of  many  Surgeons  ot 
eminence.  The  surgical  neck  of  the  bone  appears  to  have  usually  given  way  ; 
and  the  accident  has  not  occuiTed  so  much  from  forcible  extension,  as  in 
carrying  the  arm  across  the  chest  so  as  to  tilt  the  head  of  the  bone  mto  its 
place,  when  the  shaft  becomes  exposed  to  fracture  by  pressure  m  a  transverse 
direction.  Such  an  accident  necessarily  prevents  all  further  attempt  at  reduction. 

Fracture  of  the  rihs,  by  the  pressure  exercised  against  the  wall  of  the  chest, 
is  supposed  to  have  occurred  in  some  cases.  _ 

The  extravasation  of  a  large  quantity  of  blood  into  the  areolar  tissue  of  the 
axilla  has  occasionally  occurred,  without  any  evidence  of  the  rupture  of  one  ot 
.    the  main  vessels.    In  these  cases  the  swelhng  has  gradually  subsided  under 
ordinary  treatment,  by  rest  and  evaporating  lotions. 

More  serious  by  far  than  this  is  the  ruj)ture  of  one  of  the  large  blood-vessels 
in  the  axilla.  This  may  happen  from  the  pressure  of  the  Sm-geon  s  heel,  as 
in  a  case  recorded  by  Hamilton,  in  which  the  Surgeon  unfortunately  forgot 
to  remove  his  boot ;  but  more  often  it  has  occurred  from  the  humerus  having 
become  adherent  to  the  vessel,  and  lacerating  it  when  torn  away.  The 
instances  of  laceration  of  the  axillary  artery,  and  the  consequent  formation  ot 
a  diffuse  traumatic  aneurism  in  the  axilla,  in  the  reduction  of  old  dislocations, 
are  so  numerous— there  being  at  least  twelve  on  record— as  to  act  as  a  warning 
to  the  Surgeon  not  to  employ  too  much  force. 
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In  the  great  majority  of  these  cases— in  at  least  ten  out  of  the  twelve— the 
(Uttused  traumatic  aneurism  appeared  immediatel}^  after  the  employment  of 
forcible  and  long-continued  extension.  In  the  i-emaining  two  instances  the 
aneurismal  tumour  did  not  appear  until  after  the  lapse  of  some  time.'  In 
Dupuytren's  case  a  dislocation  into  the  axilla  of  six  weeks'  standing  was 
reduced  in  a  woman  Ou  years  of  age.  Two  or  three  months  after  this,  a 
tumour  appeared  in  the  armpit.  This  was  mistaken  for  an  abscess,  and 
opened ;  arterial  bleeding  ensued,  and  the  patient  died  on  the  eighth  day,  from 
secondary  hemorrhage.  In  Nekton's  case  the  patient,  also  an  old  woman, 
had  a  subglenoid  dislocation  which  was  easily  reduced.  But  an  aneurism 
appeared  in  the  axilla,  which,  three  months  after  the  reduction,  compelled 
that  distinguished  Surgeon  to  tie  the  subclavian.  Both  these  aneurisms  were 
probably  circumscribed. 

Dupuytren's  case  was  not  the  only  one  in  which  the  fatal  mistake  was  com- 
mitted of  opening  the  aneurism  in  the  axilla  ;  the  same  thing  wa.s  done  by 
Pelletau,  who  mistook  the  tumour  for  an  "emphysema"  ;  the  result  being  of 
necessity  fatal.  In  cases  reported  by  Verduc,  Petit,  Platner,  and  Leudet,°the 
aneurism  was  allowed  to  run  its  course  unchecked  by  efficient  surgical  treat- 
ment, and  in  every  instance  proved  fatal  by  the  sac  giving  way,  and  secondary 
hemorrhage  ensuing.  Sir  C.  Bell  records  a  case  that  occurred  at  the  Newcastle 
Infirmary,  in  which  the  pectoral  muscles  as  well  as  the  artery  were  torn,  and 
immediate  amputation  became  necessary.  In  four  cases  the  subclavian  artery 
has  been  ligatured.  All  these  happened  in  America ;  two  to  Gibson,  one  to 
Blackman  of  Cincinnati,  and  one  to  Warren.  Three  of  them  proved  fatal  by 
secondary  haemorrhage.  Warren's  being  the  only  one  in  which  recovery  took 
place. 

What  Treatmejit  should  be  adopted  in  this  distressing  accident  ?  If  the 
aneurism  be  left  to  itself,  or  be  treated  by  inefficient  means,  it  must  necessarily 
prove  fatal  by  its  rupture  or  sloughing  and  secondary  hemorrhage.  The 
ligature  of  the  subclavian  is  not  very  promising,  as  a  fatal  result  occun-ed  in 
three  out  of  the  four  cases  in  which  it  has  been  tried  for  diffused  anem-ism. 
Nt^laton's  case  ha^dng  been  circumscribed.  In  these  circumstances,  it  appears 
to  me  that  it  would  be  wiser  to  apply  to  these  cases  the  usual  jDrinciple  of  treat- 
ment that  is  adopted  in  cases  of  diffused  axillary  aneurism  from  other  causes  ; 
viz.,  to  compress  the  subclavian,  lay  open  the  sac,  turn  out  coagula,  and  tie 
the  torn  artery  at  the  seat  of  injury. 

In  one  case,  the  dislocation  being  of  twenty  days'  standing,  and  the  patient, 
a  woman  26  years  old,  Froriep  states  that  reduction  was  followed  by  sudden 
and  extensive  tumefaction  of  the  axilla,  syncope,  and  death  in  an  hour  and  a 
half.  ^  A  post-mortem  examination  disclosed  laceration  of  the  axillary  vein.  No 
mention  is  made  of  any  internal  injury  to  account  for  death. 

Injury  to  the  axillary  nerves  during  reduction  leading  to  paralysis  of  the 
arm  has  also  been  described.  A  case  of  this  kind  is  mentioned  by 'Billroth  as 
having  occurred  in  a  patient  under  his  care  at  Zurich.  The  dislocation  was  of 
nine  months'  standing,  and  had  been  attended  by  partial  paralysis  of  the 
arm  and  some  muscular  atrophy.  The  reduction  was  followed  by  total 
paralysis,  which  Billroth  attributes  to  laceration  of  the  axillary  nerves  in  con- 
sequence of  their  having  become  adheix'ut  to  the  bone.  In  tlie  ca.se  recorded 
by  Flaubert  four  of  the  nerves  were  torn  from  their  attachments  to  the  cord. 
Besides  these  accidents,  other  evil  consequences  have  occasionally  followed 
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prolonged  attempts  at  reducing  old  dislocations  of  the  humerus,  such  as  sudden 
death  from  syncope,  and  exliaustion.  Guerin's  remarkable  case  of  avulsion  of 
the  Uml  at  the  elbow  has  been  already  mentioned  (see  p.  658). 

In  the  event  of  the  Surgeon  being  unsuccessful  in  his  attempts  at  reduction, 
he  must  endeavour,  by  means  of  frictions  and  passive  motion,  to  restore,  as  far 
as  practicable,  the  utility  of  the  limb.  In  some  of  these  cases  of  old  unreduced 
dislocation  I  have  succeeded  in  yery  materially  improvmg  its  condition  by 
putting  the  patient  under  the  influence  of  chloroform,  and  moving  the  limb 
Lely  to  and  fro  so  as  to  stretch  and  break  up  the  adhesions  about  the 
head  of  the  bone  ;  and  it  is  in  this  way  that  attempts  at  reduction,  even 
though  unsuccessful  in  replacing  the  head  of  the  bone,  are  often  of  great  use 
in  improving  the  mobility  of  the  limb. 

In  cases  of  old  standing,  where  symptoms  of  pressure  on  the  large  vessels 
and  nerves  are  present,  and  where  there  is  danger  of  their  being  injured  in  the 
jittempt  at  reduction,  Billroth  recommends  excision  of  the  head  of  the  bone. 
This  has  been  done  successfully  by  Langenbeck  in  a  case  of  paralysis  from 

T)r6ssiirG  •  ^  • 

Dislocations  of  the  Elbow  are  very  common.  According  to  Kronlein 
they  form  27  per  cent,  of  all  dislocations.  They  occur  with  special  frequency 
in  children ;  thus,  out  of  94  cases  of  dislocation  of  both  bones  backwards 
collected  by  Kronlein,  22  occurred  in  children  under  10  years  of  age,  and  44 
between  10  and  20.  Dislocations  of  the  elbow  are  most  commonly  caused  by 
indirect  violence,  chiefly  falls  on  the  hand  complicated  by  a  twist  of  the 
joint  In  other  cases  they  may  be  the  result  of  direct  violence,  m  conse- 
quence of  which  much  sweUing  speedily  sets  in,  the  signs  are  obscured, 
and  the  diagnosis  is  rendered  proportionately  difficult ;  more  especially  when 
the  dislocation  happens  to  be  complicated  with  fracture  of  the  articular 
ends  of  the  bones.  In  these  cases,  indeed,  it  is  only  by  an  accurate  acquaint- 
ance with  the  normal  relations  of  the  osseous  points,  and  by  a  comparison 
between  those  of  opposite  sides,  that  the  Surgeon  can  detect  the  true  nature 
of  the  injury. 

.  The  Varieties  of  dislocation  of  the  elbow-joint  are  very  numerous,  either 
both  bones  of  the  fore-arm  or  only  one  being  displaced. 

1.  Both.  Bones.— The  most  common  dislocation  is  that  in  which  both  bones 
are  thrown  Baclavards,  without  fracture  of  the  coronoid  process.  In  rare 
cases,  however,  this  process  may  be  broken  ofP.  This  injury  is  readily  recog- 
nized by  the  projection  backwards  of  the  olecranon,  carrying  with  it  the 
tendon  of  the  triceps,  on  each  side  of  which  there  is  a  distinct  hollow.  The 
articular  end  of  the  humerus  can  also  be  felt  projecting  in  front  of  the  elbow. 
The  forearm  is  flexed  and  very  slightly  supinated.  When  the  coronoid 
process  is  broken  off,  it  is  fixed  against  the  posterior  surface  of  the  humerus, 
the  forearm  being  immovably  placed  in  its  new  position.  In  the  rare  cases 
in  which  this  process  is  fractured,  there  is  great  mobility  about  the  joint, 
and  crepitation  may  be  felt  as  the  arm  is  drawn  forwards. 

Dislocation  of  both  bones  Forwards  can  scarcely  occur  without  fracture 
of  the  olecranon.  Rare  as  this  accident  must  be,  there  are  at  least  five  cases  on 
record  by  Colston,  Lana,  Delpech,  Canton,  Forbes  of  Philadelphia,  and  Date, 
in  which  the  bones  have  been  so  displaced  without  this  process  being  broken. 
In  this  injury  the  elongation  of  the  forearm,  the  projection  of  the  condyles  of 
the  humerus,  the  presence  of  the  sigmoid  notch  in  front  of  the  arm,  and  the 
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depression  of  the  posterior  sm-face  of  this  bone,  render  tlie  diagnosis  sufficiently 
easy.  In  one  case  at  University  College  Hospital,  the  injury  was  produced 
by  the  patient,  a  man  20  years  of  age,  slipping  on  the  pavement  and  falling  on 
his  elbow.  In  this  instance  the  elbow  was  much  bent ;  it  could  be  brought  to 
a  right  angle,  and  straightened  considerably.  The  forearm  was  three  quarters 
of  an  inch  longer  than  its  fellow.  The  condyles  of  the  humerus  were  on  a  level 
with  the  olecranon  ;  the  tendon  of  the  triceps  was  very  tight,  and  the  sigmoid 
notch  could  be  plainly  felt  on  the  fore  part  of  the  arm.  The  head  of  the  radius 
could  also  be  felt  in  front  of  the  humerus.  In  the  case  recorded  in  the  Lancai, 
1872,  by  Date  of  Crewkerne,  the  dislocation  was  forwards  and  outwards,  so 
that  the  head  of  the  radius  lay  outside  the  external  condyle.  At  the  same  time, 
the  epiphysis  at  the  inner  condyle  was  separated.  When  the  olecranon  is 
broken  oif,  there  is  elongation  of  the  forearm  and  great  mobility,  but  the 
detached  fragment  can  be  felt  behind  the  humerus. 

The  Lateral  dislocation  of  the  bones  of  the  forearm  is  almost  invariably  in- 
complete ;  either  the  head  of  the  radius  hitching  against  the  internal  condyle, 
or  the  ulna  coming  into  contact  with  the  external  one.  Complete  lateral 
dislocation  of  the  bones  of  the  forearm  is  excessively  rare  ;  the  only  instance 
with  which  I  am  acquainted  is  a  luxation  outwards,  reported  by  Nekton,  of 
which  he  has  given  a  woodcut. 

The  ulna  or  radius  alone  may  be  displaced  ;  and  in  some  cases,  both  bones 
are  dislocated,  but  in  opposite  directions. 

2.  Ulna. — The  only  dislocation  to  which  the  ulna  alone  is  subject  is  that  in 
a  du-ection  Backwards.— This  displacement  may  be  uncomplicated,  but  is 
more  frequently  associated  with  more  or  less  dislocation  of  the  head  of  the 
radius.  When  it  occui-s,  it  may  be  recognized  by  the  projection  of  the 
olecranon  backwards,  and  by  the  head  of  the  radius  being  felt  in  its  normal 
situation,  or  nearly  so,  during  the  movements  of  pronation  and  supination. 
In  some  extremely  rare  cases  the  coronoid  process  is  fractured  at  the  same 
time,  causing  ready  disappearance  and  recurrence  of  the  dislocation,  with 
crepitus. 

3.  Radius. — The  radius  alone  may  be  dislocated  forwards,  backwards,  or 
ouhoards.  The  dislocation  Forwards  is  by  far  the  most  common.  In  the 
many  instances  of  it  I  have  seen,  it  has  resulted  from  a  fall  on  the  palm 
of  the  hand,  by  which  the  lo^7er  end  of  the  radius  is  driven  backwards,  while 
the  upper  end  is  tilted  forwards  with  the  whole  force  of  the  leverage  of  the 
bone,  and  in  this  way,  rupturing  the  annular  hgament,  is  thrown  against  the 
external  condyle.  The  signs  of  this  displacement  are  the  following."  The  fore- 
arm is  slightly  flexed,  and  in  a  position  midway  between  pronation  and 
supination  ;  any  attempt  at  completing  the  latter  movement  occasions  great 
pain,  as  does  also  the  endeavour  to  straighten  the  arm.  The  elbow  can  bt' 
bent  only  to  an  obtuse  angle,  in  consequence  of  the  head  of  the  radius  being 
suddenly  brought  up  against  the  lower  end  of  the  humerus,  against  which  it 
strikes  with  a  sudden  shock  (Figs.  277,  279).  On  rotating  the  radius  much 
pain  is  experienced,  and  the  head  of  the  bone  can  be  felt  to  roll  on  the  fore 
part  of  the  humerus,  the  external  condyle  of  which  projects  unnaturally, 
with  a  distinct  hollow  beneath  it  where  the  head  of  the  radius  should  be. 
The  hand  and  arm  can  be  fully  pronated,  but  cannot  be  supinated  more  than 
halfway.  The  whole  of  the  outer  side  of  the  arm  is  deformed,  being  carried 
somewhat  upwards  (Fig.  278).    The  rupture  of  the  annular  ligament  in  this 
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dislocation  makes  it  very  difficult  to  keep  the  head  of  the  radius  properly- 
fixed,  so  as  to  prevent  a  recurrence  of  the  displacement. 

Not   unfrequently,   there   is  incomplete  dislocation  of  the  radius 
forwards,  arising  either  from  falls  upon  the  hand,  or  from  violent  twists  of 
the  forearm.    In  these  we  have  the  preceding  signs,  though  less  marked.  The 
most  characteristic  symptom,  however,  is  the  patient's  inability  to  flex  the 
orearm  upon  the  arm.    This  he  can  never  do  to  a  greater  extent  than  to 


Fig.  2V-.— Dislocation  of  the  Radius  foi-wards  :  Limit  of  Power  of  Bending  the  Arm. 


Fig.  27s.— Dislocation  of  the  Radius  forwards  :  Deformity  of  the  Outer  Side  of  the  Arm  when  extended. 


Fig.  279.— Position  of  the  Bones  in  an  old  Um-educed  Dislocation  of  the  Radius  forwards. 


bring  the  elbow  to  a  right  angle  (Fig.  277).  On  being  told  to  touch  the  tip 
of  his  shoulder  with  his  fore-finger,  he  will  find  it  impossible  to  do  so. 

The  dislocation  of  the  radius  Backwards  is  extremely  rare  ;  it  may  always 
be  recognized  by  the  head  of  that  bone  being  felt  subcutaneously,  behind  the 
external  condyle  ;  the  movements  of  the  elbow,  and  of  the  radius  especially, 
being  at  the  same  time  very  limited  and  painful. 

Dislocation  of  the  radius  Outwards  is  of  more  frequent  occurrence  than  the 
last  injury,  the  head  of  the  bone  being  thrown  on  the  outer  side  of  the  external 
condyle,  where  it  is  felt  under  the  skin,  rolling  as  the  hand  is  moved.  The 
natural  motions  of  the  joint  are  of  course  greatly  interfered  with. 

The  radius  and  ulna  are  sometimes  displaced  in  Opposite  Directions,  the 
ulna  being  thrown  iacJcwards,  and  the  radius  forwards.  This  injury,  of  which 
I  have  seen  two  instances,  usually  results  from  heavy  falls  upon  the  hand,  with 
a  wrench  of  the  limb  at  the  same  time,  as  when  a  person  is  thrown  out  of  a 
carriage  .and  alights  upon  his  hands.    The  deformity  is  of  course  gTeat,  but 
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IS  readily  recognized  by  tlie  coml)inaLion  of  tlie  cliaracters  oi  che  two  forms  of 
displacement,  provided  an  examination  be  made  before  the  swelling,  which 
rapidly  sets  in,  has  come  on. 

Complications. — Dislocations  of  the  elbow-joint  are  very  frequently  com- 
plicated with  fracture  of  one  or  other  condyle  of  the  humerus,  of  the  olecranon, 
and — more  rarely,  as  we  have  already  seen  in  the  displacement  of  the  ulna — 
of  the  coronoid  process.  In  these  complicated  injuries  an  exact  diagnosis  is 
often  extremely  difficult,  owing  to  the  laxity  and  mobility  of  the  parts,  and  to 
the  great  tumefaction  that  accompanies  accidents  of  this  description. 

Diagnosis. — For  the  diagnosis  of  these  various  injuries  a  good  knowledge 

of  the  relative  bearings  of  the  different 
osseous  points  is  essential,  but  an  accu- 
rate comparison  of  the  injured  with 
the  sound  limb  is  equally  important. 
To  do  this  the  Surgeon  should  stand 
in  front  of  the  patient,  whose  arms 
should  be  placed  in  exactly  the  same 
position  on  each  side.  The  Surgeon 
then  grasps  the  right  elbow  with  his 
left  hand,  and  the  left  with  his  right, 
in  such  a  Avay  that  his  fore-finger  on 
each  side  is  on  the  point  of  the  ole- 
cranon, his  thumb  on  the  outer  condyle, 
and  his  middle  finger  on  the  inner  con- 
dyle. The  relative  position  of  these 
three  points  is  thus  easily  ascertained. 
If  they  bear  their  normal  relation  to 
one  another  the  case  is  not  one  of  dis- 
location of  both  bones  in  any  direction, 
but  it  may  in  a  young  subject  be  a 
separation  of  the  lower  epiphysis  of  the 
humerus  (see  p.  521).  The  thumb  on 
each  side  must  then  be  gradually  moved 
down  the  ridge  formed  by  the  outer 
condyle,  and  if  the  radius  is  displaced  a  hollow  will  be  felt  immediately  beneath 
it,  contrasting  clearly  with  the  prominence  on  the  healthy  side.  An  assistant 
should  then  pronate  and  supinate  the  hands,  by  which  the  head  of  the  radius 
will  easily  be  recognized  in  whatever  position .  it  may  be.  Many  errors  in 
diagnosis  of  these  injuries  arise  from  not  in  this  way  carefully  comparing  the 
two  sides.  It  not  unfrequently  happens,  however,  that  the  swelling  so  obscures 
the  bony  points  that  within  a  few  hours  of  the  injury  diagnosis  is  impossible. 

The  mode  of  Reduction  in  dislocations  of  the  elbow-joint  varies  according 
as  the  ulna  is  displaced  or  not.  When  the  ulna  is  dislocated,  in  whatever 
direction  it  may  be  thrown,  and  whether  the  radius  be  displaced  at  the  same 
time  or  not,  the  great  obstacle  to  reduction  is  the  hitching  of  the  processes  of 
the  bone  against  the  articular  end  of  the  humerus.  If  either  the  olecranon  oi' 
the  coronoid  process  be  fractured,  this  entanglement  cannot  take  place,  and  the 
joint  then  readily  slips  into  its  position,  though  it  is  very  difficult  to  maintain 
it  there.  The  reduction  of  the  displaced  ulna,  when  uncomplicated  by  fracture, 
may  always  be  effected,  as  Sir  A.  Cooper  has  recommended,  by  bending  the  arm 


Fig.  2S0.— Dislocation  of  tlie  Ulna  :  Reduction. 
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over  the  knee.  The  pafcienb  being-  seated  on  a  chair,  the  Surgeon  rests  one 
foot  upon  the  seat,  and,  placing  the  knee  in  the  bend  of  the  injured  elbow, 
o-rasps  the  forearm  with  both  hands  (Fig.  280)  ;  fixing  the  arm,  he  presses  the 
knee  firmly  against  the  inner  aspect  of  the  forearm,  so  as  to  disengage  the  ulna 
from  the  lower  end  of  the  humerus,  and  at  the  same  time  he  bends  or  pushes 
the  forearm  into  proper  position,  into  which,  indeed,  it  has  a  tendency  to  return 
by  the  action  of  its  own  muscles,  so  soon  as  the  opposing  osseous  surfaces  are 
separated. 

In  dislocations  of  the  radius,  this  movement  across  the  knee  is  not  necessary. 
All  that  is  required  is  to  fix  the  upper  arm,  and  then,  employing  exteusion  from 
the  wist,  to  straighten  the  arm  well ;  when,  by  bending  the  elbow  at  right 
angles,  the  head  of  the  radius  may  be  pressed  into  a  proper  position. 

After  reduction  has  been  effected,  the  limb  should  be  firmly  put  up  m  lateral 
angular  splints,  or  a  starched  or  plaster  bandage,  the  hand  being  kept  semi- 
prone.  If  the  radius  have  been  displaced,  a  pad  should  be  applied  over  its 
head,  so  as  to  prevent  a  return  of  the  displacement,  which  is  very  apt  to  occur 
when  the  orbicular  ligament  is  torn.  In  the  case  of  dislocation  of  the  radius 
fonuards,  however,  reduction  is  best  maintained  by  placing  the  arm  in  the 
extended  position,  and  applying  a  straight  splint,  well  padded,  aloug  the  palmar 
aspect  of  the  limb.  The  inflammation  which  usually  results  must  be  treated 
by  the  application  of  evaporating  lotions.  "When  it  has  subsided,  passive 
motion  may  be  commenced,  and  frictions  and  douches  employed,  so  as  to 
remove  the  stiflfuess  that  is  apt  to  be  left  about  the  joint. 

In  those  cases  in  which  the  dislocation  is  complicated  with  fracture  of  some 
part  of  the  articular  ends,  and  in  which  the  diagnosis  of  the  precise  nature  of 
the  injury,  owing  to  the  swelling  or  other  causes,  has  not  been  very  clearly 
made  out,  the  joint  should  be  placed  in  as  good  a  position  as  possible,  by  a 
process  of  traction,  flexion,  and  moulding,  so  as  to  bring  the  osseous  points 
into  proper  bearing  with  one  another,  and  angular  sphnts  must  then  be 
applied.  At  the  end  of  three  weeks  passive  motion  may  be  commenced,  lest 
permanent  rigidity,  which  is  very  apt  to  supervene,  come  on. 

Compound  Dislocations  of  the  Elbow  are  always  serious  injuries, 
although  by  the  employment  of  a  rigorous  antiseptic  treatment  their  gravity 
may  be  much  lessened.  By  these  means  a  useful  joint  may  usually  be  saved 
when  the  soft  parts  are  not  too  extensively  lacerated,  without  any  operative 
interference.  In  other  cases  the  Surgeon  may  have  to  decide  between  resection 
of  the  articular  ends  and  amputation  of  the  arm.  In  this  the  Surgeon  will 
be  guided  by  the  considerations  stated  at  p.  598,  in  reference  to  compound 
fracture  of  this  joint.  Recovery  with  a  very  useful  limb  has  been  recorded 
even  after  compouud  dislocation  of  the  elbow,  complicated  with  rupture  of  the 
brachial  artery. 

Old-standing  Dislocations  of  the  Elbow  are  reduced  with  much  diffi- 
culty in  all  cases  in  which  the  ulna  is  completely  displaced  ;  this  is  owing  rather 
to  the  interlocking  of  the  irregular  articular  surfaces  and  to  the  formation  of 
adhesions  in  the  torn  capsule  and  around  the  displaced  bones,  than  to  muscular 
contraction.  The  tendon  of  the  triceps,  and  even  that  of  the  biceps,  has  been 
divided  in  order  to  facilitate  reduction,  but  in  those  cases  in  which  I  have 
done  this  or  seen  it  done,  no  good  has  resulted.  As  a  general  rule,  I  believe 
that  it  will  be  found  extremely  difficult,  even  under  auEBSthesia  and  with  the 
aid  of  the  pulleys,  to  reduce  an  ulna  that  Las  been  completely  dislocated  for 
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more  than  a  month  When  tlie  uhia  is  only  partially  dislocated,  even  thour^h 
the  radius  be  completely  displaced,  reduction  may  bo  effected  ^vithout  much 
diftculty  at  a  much  later  period-it  is  said,  as  late  as  two  years  after  the 
accident;  but  here  the  difficulty  is  not  to  effect  but  to  maintain  the  reduction 
as  the  bone  has  a  constant  tendency  to  slip  f(n-wards  and  outwards.  Provided 
a  dislocated  elbow  can  be  so  far  reduced  as  to  allow  the  fore-arm  to  be  bent  at 
a  right  angle,  a  useful  arm  will  be  left. 

Dislocation  of  the  Lower  End  of  the  Radius,  or,  as  it  is  sometimes 
termed,  Dislocation  of  the  Lower  End  of  the  Ulna,  may  take  place  either 
m  a  forward  or  backward  direction.    The  signs  of  the  displacement  are  very 
evident,  the  lower  end  of  the  ulna  forming  a  sharp  projection  under  the  skin 
This  dislocation  has  also  been  met  with  occasionally  as  a  complication  of  frac- 
ture of  the  radius  either  at  its  lower  end  or  in  the  shaft.    In  a  case  recorded 
by  R.  J.  Godlee  the  radius  was  fractured  very  obliquely  at  the  junction  of 
the  lower  and  middle  thirds.    The  lower  end  of  the  ulna  was  torn  away  from 
Its  attachments  and  was  projecting  beneath  the  skin  on  the  front  of  the  carpus 
the  flexor  carpi  ulnaris  having  slipped  completely  behind  it.    The  injury  was 
caused  by  a  violent  fall  backwards,  the  patient's  hands  being  put  out  behind 
him  to  save  himself.    It  was  found  impossible  to  replace  the  limb  in  proper 
position,  even  under  an  anesthetic,  and  the  lower  end  of  the  displaced  ulna 
including  the  lesser  sigmoid  cavity,  was  removed  through  an  incision  made  over 
It.   After  this  the  fractured  radius  and  the  displaced  hand  were  easily  restored 
to  their  normal  position.    The  patient  recovered  with  a  most  useful  hand 
E.  M.  Moore  of  Rochester,  New  York,  has  removed  the  lower  end  of  the  ulna 
in  five  cases  somewhat  similar  to  the  above.    In  every  case  recovery  took 
place  with  practically  no  impairment  of  function. 

Dislocations  op  the  "Wrist  are  of  such  rare  occm-rence  that  their  exist- 
ence has  been  denied  by  Surgeons  of  great  experience.  Although  there  can  be 
no  doubt  that  fractures  at  the  lower  end  of  the  radius,  more  especially  when 
impacted,  have  often  been  mistaken  for  these  displacements,  yet  there  can  be 
now  no  question  that  they  do  occasionally  occur,  any  doubt  upon  this  point 
having  been  cleared  up  by  the  dissection  of  cases  by  MarjoHn  and  Yoillermier. 
The  observations  of  these  Surgeons,  together  with  those  previously  made  by 
Sir  A.  Cooper,  tend  to  show  that  dislocation  of  the  Hand  and  Carpus  from 
the  radius  may  take  place  either  laclwards  ox  forwards. 

These  accidents  are  occasioned  either  by  falls  on  the  palm,  or  by  the 
hand  being  forcibly  bent  forwards.  In  falls  on  the  pahn  the  hand  may 
be  thrown  forwards  under  the  bones  of  the  forearm,  lying  on  their  palmar 
aspect.  In  forcible  bending  of  the  hand  forwards  there  may  be  displace- 
ment of  it  and  the  carpus  backwards  on  the  dorsal  aspect  of  the  radius  and 
ulna. 

In  the  Dislocation  of  the  Hand  and  Carpus  Backwards— the  Dorsal 

displacement— there  will  be  shortening  of  the  limb  below  the  elbow,  with  a 
large  dorsal  prominence  occasioned  by  the  carpus  overlapping  the  lower  end 
of  the  radius,  which  bone  will  be  felt  and  seen  as  a  projection  on  the  palmar 
side.  In  the  other  variety  of  radio-carpal  dislocation,  the  Hand  and  Carpus 
are  thrown  Forwards  under  the  radius  and  ulna  on  their  Palmar  aspect. 
This  dislocation  is  illustrated  in  the  accompanying  figure  taken  from  a  cast 
sent  to  me  by  Cadge  of  Norwich  (Fig.  281).  In  it  the  projection  of  the 
styloid  process  of  the  ulna  and  the  lower  end  of  the  radius  form  a  concave 
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line  on  the  doi-sal  aspect,  overlapping  the  carpus,  which  lies  on  the  palmar 
side  of  the  radius. 

The  Diagnosis  of  these  injuries  has  to  be  made  from  sprains  of  the  wrist, 
from  simple  and  from  impacted  fractures  of  the  radius.  The  great  and 
prominent  deformity  will  at  once  enable  the  Surgeon  to  distinguish  a  disloca- 
tion from  a  simple  sprain.  From  simple  fracture  of  the  lower  end  of  the 
radius,  the  peculiar  deformity  (see  p.  602),  and  the  absence  of  crepitus,  will  afford 
ready  means  of  diagnosis.  It  is  from  the  impacted  fracture  of  the  lower 
end  of  the  radius  that  it  is  most  diffi- 
cult to  distinguish  a  dislocation.  In 
the  dislocation,  however,  .  the  general 
laxity  of  the  wrist-joint,  the  greater 
readiness  with  which  the  deformity 
is  removed,  the  peculiar  and  abrupt 
swelling,  and  the  absence  of  obliquity 
of  the  hand  towards  the  radial  side, 
will  enable  the  Surgeon  to  distinguish 
the  true  nature  of  the  injury. 

In  the  Treatment  of  these  cases, 
reduction  is  readily  effected,  and  must 
be  maintained  by  the  application  of 
antero-posterior  splints  of  sufficient  length  to  take  in  the  hand. 

Compound  Dislocation  of  the  Wrist,  without  fracture  of  the  bones  of 
the  forearm,  is  a  rare  accident.  In  one  such  injury  under  my  care,  inflicted 
by  machinery,  the  hand  was  thrown  forwards,  the  radius  projecting  backwards, 
and  the  soft  structures  on  the  palmar  aspect  of  the  joint  were  so  extensively 
torn  as  to  necessitate  amputation.  The  Treatment  of  such  a  case  will  depend 
on  the  amount  of  injury  done  to  the  soft  parts.  If  these  be  not  very  extensively 
injured,  an  attempt  may  be  made  to  save  the  hmb  ;  but  if  they  be  widely  torn 
through,  the  arteries  and  nerves  lacerated,  and  the  tendons  hanging  out, 
amputation  will  be  required. 

Congenital  Dislocation  of  the  Wrist  may  take  place  either  forwards  or 
backwards.  The  hmb  is  in  either  case  greatly  deformed.  The  bones  are 
shortened  and  altered  in  shape,  more  especially  the  lower  end  of  the  radius. 
The  muscles  are  also  shortened,  the  extensor  tendons  forming  a  sharp  angle  as 
they  pass  over  the  carpus. 

Dislocations  op  Single  Bones  or  the  Carpus  are  by  no  means  frequent. 
The  bone  that  is  most  commonly  displaced  is  the  Os  Magnum.  This  accident 
is  usually  caused  by  falls,  in  which  the  hand  is  violently  bent  forwards,  in 
consequence  of  which  this  bone  starts  out  from  its  articulations,  projecting  as 
a  round  hard  tumour  on  the  back  of  the  wrist  opposite  to  the  metacarpal  bone 
of  the  middle  finger.  It  may  be  readily  reduced  by  being  pressed  upon  while 
at  the  same  time  the  hand  is  extended.  There  is,  however,  a  great  tendency 
for  the  bone  to  slip  out  again,  leaving  considerable  weakness  of  the  joint  ;  so 
much  so,  that  in  two  cases  recorded  by  Sir  A.  Cooper,  the  patients  found  it 
necessary  to  wear  artificial  supports. 

The  Pisiform  Bone  is  occasionally  dislocated  upwards.  In  a  case  under 
my  care,  it  was  displaced  by  an  effort  to  lift  a  heavy  weight,  and  drawn  up 
the  arm  to  a  distance  of  nearly  an  inch  by  the  flexor  carpi  ulnaris. 

A  case  some  time  ago  occurred  to  me,  at  the  Hospital,  in  which  the  Semi- 


Fig.  2S1.  -Dislocation  of  the  Hand  and  Carpus 
forwards. 
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lunar  Bone  was  dislocated.  The  patient  had  fallen  from  a  height,  injiirin''' 
his  spine,  and  doubling  his  right  hand  under  hini.  On  examining  the  wrisr, 
a  small  hard  tumour  was  felt  projecting  on  its  dorsal  aspect ;  it  readily  disap- 
peared on  extending  the  hand  and  employing  firm  pressure,  ljut  started  u]) 
again  so  soon  as  the  wrist  was  forcildy  flexed.  It  was  evident  that  the  bone 
belonged  to  the  first  row  of  the  carpus,  articulating  with  the  radius;  and  from 
,  its  size,  its  position  towards  the  radial  side  of  the  carpus,  and  its  shape,  which 
could  be  very  distinctly  made  out  through  the  integuments,  there  could  be  little 
doubt  that  it  was  the  semilunar  bone.  Taaffe,  of  Brighton,  has  related  a  case 
in  which  the  semilunar  bone  was  dislocated  anteriorly,  so  that  it  projected 
upwards  and  forwards  between  the  radius  and  ulna. 

Dislocations  op  the  Metacarpal  Bones. — The  Metacarpal  Bones 
may  very  rarely  be  dislocated  from  the  carpus.    This  accident  happen!^ 
usually  to  a  single  metacarpal  bone  ;  which,  in  consequence  of  some  extrem* 
degree  of  violence,  is  forced  out  of  its  bed  and  thrown  backwards  on  tho 
carpus.    Most  frequently,  it  is  the  result  of  injury  and  shattering  of  the  hand 
by  gun-barrel  or  powder-flask  explosions  ;  and  in  such  cases  the  metacarpal 
bone  of  the  Thumb  commonly  suffers,  the  dislocation  being  compound,  and 
complicated  with  extensive  palmar  laceration,  and  possibly  with  fracture  of 
the  bones.    Except  in  such  cases  dislocation  of  the  metacarpal  bone  of  the 
thumb  is  rare,  though  the  articulation  between  this  bone  and  the  trapezium 
appears  at  first  sight  not  to  be  of  a  character  to  resist  much  external  violence. 
This  is  probably  owing  in  a  great  measure  to  the  powerful  muscles  by  which 
the  bone  is  supported  in  all  cases  in  which  the  force  is  applied  upon  its 
palmar  aspect,  as  it  most  frequently  is,  as  well  as  to  the  little  leverage  oflPered 
by  so  short  a  bone.    Luxation,  however,  of  the  metacarpal  bone  of  the 
thumb  has  been  observed  to  take  place  forwards  as  well  as  laclcwards,  the 
latter  being  the  more  common.    The  Reduction  is  in  general  easy,  extension 
being  made  from  the  thumb  by  means  of  a  piece  of  tape  applied  round  the 
first  phalanx. 

Next  to  the  metacarpal  bone  of  the  thumb,  those  of  the  Index  and  Middle 
Fingers  are  most  liable  to  dislocation  backwards  :  in  some  cases  complete,  in 
others  incomplete.  I  know  of  no  recorded  case  in  which  all  the  metacarpal 
bones  have  been  dislocated  from  the  carpus.  The  annexed  engraving  (Fig. 
282)  from  a  cast  in  University  College  Museum,  was  taken  from  a  patient  in 
the  Hospital,  in  whom  I  believe  that  this  accident  must  have  occurred  ;  the 
hand  being  thrown  forwards  and  shortened,  and  the  carpal  bones  forming  a 
rounded  and  convex  prominence  on  the  dorsum  of  the  metacarpus.  The 
convex  appearance  of  this  corresponds  with  the  outline  of  the  carpal  bones, 
and  differs  so  very  remarkably  from  the  concave  aspect  of  the  lower  end  of  the 
radius  and  ulna,  as  seen  in  the  radio-carpal  dislocation  (Fig.  281),  that  I 
think  there  can  be  little  doubt  as  to  the  nature  of  the  injm-y. 

The  Treatment,  of  such  cases  will  be  the  same  as  that  for  ordinary  dislocations 
of  the  carpal  bones  ;  splints  of  sufficient  length  to  take  in  the  hand  being 
applied,  after  reduction,  in  order  to  maintain  the  parts  in  position. 

Dislocations  of  the  Metacakpo-Phalangeal  Articulations  are  by  no 
means  of  common  occurrence.  They  are  usually  produced  by  falls  on  the  hand, 
and  are  met  with  at  all  ages  ;  most  commonly  in  the  young  adult,  but  some- 
times at  an  earlier  age.  I  have  seen  this  accident  in  a  child  four  years  old. 
Most  frequently  the  Proximal  Phalanx  of  the  Thumb  is  the  bone  that  is 


PROXIMAL   PHALANX  OF  THUMB. 


689 


dislocated,  being  thrown  laclcivards  on  the  metacarpal  bone  (Fig.  283)  in  such 
a  way  that  the  articular  surface  of  the  phalanx  rests  upon  the  back  of  the 
metacarpal  bone  immediately  below  its  head.  The  signs  of  the  accident 
are  sufficiently  evident.  In  the  normal  state  of  the  hand,  the  metacarpo- 
phalangeal articulation  of  the  thumb  is  convex  backwards  :  in  this  dislocation 
it  becomes  convex  towards  the  palmar  aspect  and  angularly  concave  behind. 
The  head  of  the  metacarpal  bone  can  be  felt  and  seen  projecting  on  the  palmar 
aspect  of  the  thumb.  The  proximal  phalanx  stands  up  as  it  were  upon  the 
back  of  this  bone,  but  the  articular  surface  of  the  phalanx  cannot  be  felt, 


Fig.  282.— Dislocation  of  tlie  Fig.  283.— Dislocation,  back- 

Metacarpus,  forwards,  from  wards,    of  the  Proximal 

the  Carpus.  Phalanx  of  the  Thumb. 


owing  to  its  being  in  contact  with  the  posterior  part  of  the  metacarpal  bone 
just  above  its  neck.  The  phalangeal  articulation  is  always  semiflexed.  This 
dislocation  of  the  proximal  phalanx  of  the  thumb  has,  owing  to  the  difficulty 
of  its  reduction,  attracted  more  attention  from  Surgeons  than  it  would  at  fii-st 
appear  to  deserve.  In  some  cases  the  dislocation  has  proved  irreducible,  not- 
withstanding the  employment  of  as  much  force  as  it  was  safe  to  use,  and  the 
Surgeon  has  been  obliged  to  have  recourse  to  operative  interference  in  order 
to  replace  the  head  of  the  bone.  The  obstacle  to  the  reduction  of  this  small 
bone  has  been  attributed  to  different  causes.  Thus,  Hey  supposed  that  it  was 
owing  to  the  constriction  of  the  neck  of  the  bone  between  the  lateral  ligaments 
of  the  joint,  and  Dupuytren  enter bained  a  similar  opinion.  The  folding  in  of 
the  anterior  ligament  of  the  joint,  and  the  interposition  of  a  sesamoid  bone 
between  the  articulating  surfaces,  have  also  been  regarded  as  giving  rise  to 
this  peculiar  difficulty  in  reduction.  The  more  probable  explanation,  how- 
ever, appears  to  be,  that  the  narrow  neck  of  the  metacarpal  bone  becomes 
constricted  by  the  two  tendinous  attachments  of  the  short  flexor  of  the 
thumb,  which  must  be  carried  back  over  its  broader  head,  together  with 
the  displaced  phalanx ;  the  head  of  the  metacarpal  bone  being  grasped 
between  the  tendons  and  the  torn  capsule  of  the  joint,  like  a  stud  between 
the  sides  of  a  button-hole.    The  observations  of  Yidal,  Malgaigne,  and 
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Balliugall  point  to  this  as  the  cause  of  tlie  great  difficulty  iu  reduction  that 
is  often  met  with. 

Reduction. — Altliough,  as  has  been  said,  great  difficulty  in  reduction  is 
often  met  with,  it  would  be  a  great  error  to  suppose  that  it  always  exists.  On 
the  contrary,  very  many  of  these  dislocations  are  most  readily  reduced  by 
simple  traction  and  manipulation.  Should  any  difficulty  be  experienced,  the 
following  plan  will  usually  succeed.  The  hand  and  metacarpal  bone  being 
fixed  by  an  assistant,  the  Surgeon  bends  back  the  thumb,  so  as  to  bi-ing  the 
phalanx  to  a  right  angle  with  the  metacarpal  bone  on  which  it  is  displaced. 
He  now  employs  traction  in  the  axis  of  the  disjolaced  portion  of  the  thumb, 
keeping  the  metacarpal  bone  well  pressed  down  into  the  palm.  Having  thus 
unlocked  the  phalangeal  articular  surface  from  the  back  of  that  bone,  he 
draws  it  well  forwards,  and,  when  it  is  opposite  the  head  of  the  metacarpal 
bone,  bends  it  down  into  the  palm.  In  this  way  I  have  reduced  a  dislocation 
of  the  phalanx  backwards  between  five  and  six  weeks  after  its  occuiTence. 
Simple  traction  in  the  straight  direction,  however  forcible,  and  even  Avhen 


\ 

Fig.  284. — Reduction  of  Dislocation  of  Thumb. 

aided  by  the  pulleys,  will  do  little,  if  any,  good  in  the  reduction  of  this 
dislocation,  as  the  only  effect  is  to  draw  the  slit  in  the  capsule  and  the  two 
heads  of  the  short  flexor  more  tightly  round  the  neck  of  the  bone.  Very 
severe  extension  has  been  employed  without  any  eflPect  ;  and  there  is  a 
tradition  in  the  surgical  profession  in  London  of  a  thumb  having  been  dragged 
ofi"  in  the  attempt  to  reduce  this  dislocation  by  pulleys.  If  the  Surgeon  fail  in 
reducing  the  displaced  phalanx  by  manipulation  under  chloroform,  as  above 
described,  or  by  traction,  the  dislocation  should  not  be  left  without  a  further 
efibrt  to  replace  the  bone  ;  and  this  may  usually  be  readily  enough  done  by 
the  subcutaneous  section  of  the  resisting  structures.  The  Surgeon  must  bear 
in  mind  that  the  obstacle  to  reduction  is  purely  mechanical  ;  that  muscular 
contraction  has  nothing  to  do  with  it ;  and  that  it  is  quite  as  great  when  the 
patient  is  anassthetized  as  when  he  is  not.  He  must  therefore  enlarge  the 
slit  in  the  capsule,  and  divide  the  tense  bands  formed  on  each  side  by  the 
tendinous  attachments  of  the  short  flexor.  This  operation  is  best  done  by 
passing  a  tenotome  through  the  skin  in  front  of  the  joint,  and  cutting  first  on 
one  side,  then  on  the  other.  The  chief  resistance  wiU  be  found  on  the  ulnar 
side  of  the  thumb,  Avhere  the  tendinous  insertion  of  the  adductor  pollicis 
joins  that  of  the  short  flexor.  After  these  structures  have  been  cut  through, 
the  phalanx  can  be  placed,  and  the  thumb  should  be  put  up  securely  between 
splints. 

When  reduction  has  been  efi'ected,  care  must  be  taken  to  prevent  recurrence 
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of  the  displacement.  This  is  best  done  by  keeping  the  thumb  bent  into  the 
palm,  and  retaining  it  there  by  means  of  a  gutta-percha  cap  moulded  over  it 
and  bandaged  down.  If  the  dislocation  be  left  unreduced,  the  thumb  will  to  a 
great  extent  become  useful,  but  necessarily  shortened,  and  incapable  of  much 
flexion. 

In  Compound  Dislocation  of  this  joint,  the  bone  may  usually  be  readily 
replaced  :  should  there  be  any  difficulty  in  retaining  it  in  position,  the  head  of 
the  metacarpal  bone  must  be  removed,  the  dislocation  being  then  reducible 
with  great  facility,  and  the  wound  treated  in  a  simple  manner. 

Dislocations  between  the  Phalanc4ES  are  usually  partial  or  incomplete, 
and  most  commonly  consist  of  a  twist  of  the  second  upon  the  proximal 
phalanx. 

Complete  dislocation  of  the  ungual  phalanx,  though  very  rare,  is  possible. 
I  have  seen  it  in  the  thumb  when,  by  a  fall  upon  its  end, 
the  ungual  phalanx  has  been  thrown  on  to  the  back  of  the 
proximal  one,  the  head  of  which  projected  on  the  palmar 
aspect.  I  have  also  known  the  ungual  phalanx  of  the  little 
finger  dislocated  backwards  in  an  attempt  to  catch  a  cricket- 
ball. 

Partial  dislocation  of  the  middle  phalanx,  which  is  a  very 
common  accident,  is  readily  recognized  by  the  deformity  it 
causes  (Fig.  286),  and  is  easily  reduced  by  pressure  and 
traction  in  proper  directions.  A  very  convenient  mode  of 
applying  traction  is  by  means  of  the  toy  called  an  "Indian 
puzzle  "  which  grasps  the  finger  more  tightly  the  more  it  is 
pulled  upon ;  or  the  apparatus  represented  in  Fig.  284  may 
be  used.  The  finger  will  continue  to  be  stiflp  and  compara- 
tively useless  for  some  length  of  time,  the  joint  being  swollen 
and  tender  ;  the  patient  can  generally  bend  it,  but  cannot  extend  it  fully  or 
bear  any  traction  upon  it.  This  condition  is  especially  apt  to  be  troublesome 
and  chronic  if  the  patient  be  gouty,  or  if  his  general  health  be  otherwise 
deranged,  and  it  requires  rest  and  local  counter-irritation,  with  appropriate 
constitutional  treatment.  In  Compound  Dislocation  of  the  phalanges,  the 
bone  should  be  replaced,  the  finger  supported  by  a  gutta-percha  splint,  and 
the  wound  dressed  antiseptically.  In  some  cases  it  is  necessary  to  remove 
the  projecting  end  of  bone  before  this  can  conveniently  be  done  :  ankylosis 
then  results,  a  sufficiently  useful  finger  being  left. 


Fig.  285.— Partial  Dis- 
location of  the  Mid- 
dle Phalanx  of  the 
Middle  Finger. 


DISLOCATIONS    OF    THE    LOWER  LIMB. 

Dislocations  op  the  Pelvis. — It  occasionally  happens  that,  in  conse- 
quence of  severe  blows  upon  or  compression  of  the  pelvis,  the  Symphysis  of 
the  Pubic  Bones,  or  more  frequently  the  Sacro-iliac  Articulation,  is 
displaced.  Here  the  nature  of  the  injury  is  indicated  by  the  deformity  that 
results  ;  and  the  same  treatment  is  required  as  in  fracture  of  the  pelvis,  with 
which  these  accidents  are  commonly  associated. 

The  Coccyx  is  sometimes  violently  bent,  and  almost  dislocated  forwards  by 
falls  ;  or  it  may  be  forcibly  bent  hachwards  during  violent  parturient  efforts. 
These  accidents  are  apt  to  be  followed  by  that  painful  neuralgic  affection 
Coccydynia,  described  at  p.  GIO. 
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Dislocations  of  the  Fkmur.— Notwithstanding?  tlie  gi-eat  depth  of  tlie 
acetabulum,  the  complete  manner  in  which  the  head  of  tlie  thigh-bone  is 
received  into  its  cavity,  the  firmness  of  the  capsular  ligament,  and  the  great 
strength  of  the  muscles  that  surround  and  support  the  joint,  dislocations  of 
the  hip  are  more  frequently  met  with  than  those  of  many  other  joints  that 
appear  less  perfectly  supported.  This  is  doubtless  in  a  gi-eat  measure  owing 
to  the  action,  on  the  head  of  the  femur,  of  the  great  length  of  leverage  of  the 
thigh-bone  itself  when  external  violence  is  applied  to  the  knee,  and  of  thi- 


DISLOCATIOHS  or  THE  HEAD  OF  THE  THIOH  BOKE,  ACCORDING  TO  ASTLEY  COOI'EK  S  CLASSIFICATION. 

Fig.  286.— Upwards  and         Fig.  28".— Backwards  Fig.  288.— Downwards      Fig.  280.— Fonvaids 

somewhat  Backwards,         towards  Sciatic  Notch.  into  Foramen  Ovale.         and  Upwards  on 

on  Dorsum  llii.  the  Pubic  Bone. 

whole  of  the  lower  extremity  when  the  violence  is  applied  to  the  foot. 
Dislocation  of  the  hip-joint  occurs  chiefly  in  young  or  middle-aged  adults. 
In  very  old  people,  fracture  of  the  neck  of  the  femur  Avill  commonly  be  pro- 
duced by  the  same  violence  that  would  have  displaced  the  head  of  the  bone  at 
an  earlier  age.  In  children  dislocation  is  rare,  as  the  shaft  generally  gives 
way.  Yet  it  does  happen  even  at  a  very  early  age.  Two  cases  have  occurred 
in  my  practice  ;  in  one  the  bone  Avas  dislocated  on  the  pubic  bone,  in  a  child 
a  year  and  a  half  old  ;  in  the  other  on  the  dorsum  ilii  in  a  bey  of  six. 
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The  differeufc  forms  of  dislocation  of  the  fcraur  were  described  with  great 
clearness  and  precision  by  Sir  A.  Cooper,  according  to  whom  the  head  is  most 
commonly  thrown  upwards  and  somewhat  backwards,  so  as  to  lodge  on 
the  slightly  concave  surface  between  the  acetabulum  and  tlie  crista  ilii,  resting 
on  the  gluteus  minimus,  and  having  the  trochanter  turned  forwards  (Fig.  286); 
or  tlie  head  may  be  thrown  downwards  into  the  foramen  ovale,  lying  upon 
the  obturator  esternus  muscle  (Fig.  288)  ;  or  forwards  and  upwards  upon 
the  horizontal  branch  of  the  pubic  bone  under  the  psoas  and  iliacus  muscles, 
to  the  outer  side  of  the  femoral  vessels  (Fig.  289)  ;  lastly  he  described  a 
variety  in  which  the  head  of  the  bone  was  supposed  to  be  thrown  backwards 
into  the  great  sciatic  notch  and  to  rest  upon  the  pyriformis  (Fig.  287).  It 
has,  liowever,  since  been  shown  that  the  peculiar  featm^es  of  this  form  are  due 
not  to  the  head  of  the  bone  sinking  into  the  notch,  but  to  the  relation  of  the 
neck  of  the  femur  to  the  obturator  internus  muscle. 

The  classification  originally  given  by  Sir  Astley  Cooper  has  been  of  late  years 
slightly  modified  in  accordance  with  the  more  accurate  knowledge  we  now 
possess.  It  has  been  shown  by  experiments  on  the  dead  body  that  the  most 
important  structure  in  the  mechanism  of  dislocation  of  the  hip- joint  is  the 
ilio-femoral  ligament.  Gunn  of  Chicago,  Busch,  Von  Pitha,  and,  more 
recently  and  fully,  Bigelow,  have  insisted  on  an  exact  knowledge  of  this 
important  ligament  as  constituting  the  basis  of  a  correct  understanding,  not 
only  of  the  mechanism  of  the  various  forms  of  dislocation  of  the  hip,  but 
also  of  the  proper  methods  to  be  adopted  for  their  reduction.  Bigelow,  to 
whom  we  are  especially  indebted  for  a  most  lucid  exposition  of  the  subject, 
has  shown  that  the  four  commonly  described  dislocations  of  the  hip  could  be 
demonstrated  in  the  dead  body  after  the  whole  of  the  muscular  and  ligamentous 
structures  round  the  joint  had  been  divided  except  the  ilio-femoral  ligament 
and  the  obturator  internus  muscle,  which  suffice  to  direct  the  limb  into  the 
position  peculiar  to  each  dislocation  and  to  fix  it  there,  the  muscle  being  con- 
cerned only  in  the  production  of  the  dislocation  described  by  Sir  A.  Cooper 
as  "  into  the  sciatic  notch."  The  importance  of  the  obturator  in  this  form  of 
dislocation  had  been  previously  pointed  out  by  Malgaigne,  but  his  observations 
seem  to  have  been  singularly  overlooked.  The  ilio-femoral  ligament  is  of 
great  strength.  Bigelow  has  found  its  breaking  strain  in  the  dead  body  to 
range  from  250  to  750  pounds.  It  is  single  above  where  it  is  attached  to  the 
anterior  inferior  spine  of  the  ilium  and  divides  below  into  two  strong  bands, 
one  inserted  into  the  upper  and  the  other  into  the  lower  end  of  the  anterior 
intertrochanteric  line,  from  which  fact  Bigelow  gives  it  the  name  of  the 
Y-ligament.  The  obturator  internus  muscle  is  also,  as  pointed  out  by 
Bigelow,  a  structure  of  great  strength,  owing  to  the  intermixture  of  tendinous 
fibres  with  its  muscular  substance.  In  consequence  of  this  arrangement  it 
becomes  practically  an  accessory  ligament  to  the  joint. 

The  observations  of  Bigelow  have  shown  that  wherever  one  or  both  of  the 
branches  of  the  ilio-femoral  ligament  remain  untorn  the  head  of  the  bone  falls 
into  certain  definite  positions  giving  rise  to  characteristic  signs  ;  when  the 
hgament  is  completely  ruptured  the  position  assumed  by  the  bone  is  uncertain, 
being  due  chiefly  to  accidental  circumstances.  He,  therefore,  divides  disloca- 
tion into  Regular,  in  which  one  or  both  branches  of  the  ilio-femoral  ligament 
remain  untorn,  and  Irregular,  in  which  the  whole  ligament  is  ruptured. 

For  convenience  of  description,  and  with  a  view  to  practical  utility,  the 
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regular  dislocations  may  be  clivided  into  three  chief  groups,  to  which  must  be 
added  certain  exceptional  forms  \vhich  are  so  rare  as  only  to  require  mention. 

1.  Dorsal  Dislocations,  or  Dislocations  Backwards  and  Upwards. — • 

Of  these  there  are  two  varieties  :  a,  when  the  head  of  the  bone  passes  above 
the  obturator  internus  (dislocation  on  to  the  dorsum  ilii)  ;  &,  when  the  head 
passes  below  that  muscle  (dislocation  into  the  sciatic  notch  of  Sir  Astley 
Cooper)  (Figs.  286,  287). 

2.  Th.3rroid  Dislocations,  or  Dislocation  Downwards. — These  disloca- 
tions present  four  varieties,  of  which  one  only  is  common — obliquely  inwards 
and  downwards  on  the  thyroid  foramen  (Fig.  288).  In  addition  to  this,  there 
are  three  exceptional  forms  :  a,  inwards  and  downwards  as  far  as  the  perinasum  ; 
&,  vertically  downwards  below  the  acetabulum  ;  c,  outwards  and  downwards  as 
far  as  the  tuberosity  of  the  ischium. 

o.  Dislocations  Upwards,  or  Pubic  Dislocations.— Of  this  form  there 
are  two  varieties  :  a,  when  the  head  of  the  femur  is  displaced  on  to  the  pubic 
bone  (Fig.  289)  ;  l,  when  it  lies  beneath  the  anterior  inferior  spine  of  the 
ilium,  or  the  subspinous  dislocation. 

The  exceptional  forms  of  dislocation  are  the  following  : — 

4.  The  Antei^ior  Oblictue,  in  which  the  head  of  the  bone  lies  behind  the 
anterior  inferior  iliac  spine. 

5.  The  Supra-spinons,  in  which  the  head  of  the  bone  lies  above  the  anterior 
inferior  iliac  spine,  between  it  and  the  superior  spine. 

6.  The  Everted  Dorsal  Dislocation,  in  which  the  head  of  the  bone  lies 
on  the  anterior  part  of  the  dorsum,  behind  the  anterior  inferior  ihac  spine.  In 
the  two  last  forms  the  outer  branch  of  the  iho-femoral  ligament  is  ruptured. 

The  Mechanism  of  the  Production  of  these  various  dislocations  has 
been  much  discussed.  It  is  generally  recognised  that  in  the  thyi-oid  and  pubic 
dislocations  the  limb  is  abducted  at  the  time  of  the  injuiy,  and  that  the  head 
of  the  bone  leaves  the  capsule  in  a  downward  direction,  passing  through  the 
thinnest  part  of  the  capsule,  the  position  it  afterwards  assumes  being  due  to  the 
direction  of  the  force  applied  to  the  abducted  hmb.  Sir  A.  Cooper  believed  that 
in  the  dorsal  dislocation  the  limb  at  the  time  of  the  accident  is  adducted  and 
flexed,  and  that  the  head  of  the  bone  leaves  the  acetabulum  in  a  direction 
directly  backwards.  H.  Morris,  who  has  most  ably  investigated  this  subject 
both  by  experiment  and  observation  of  specimens,  has  come  to  the  conclusion 
that  in  dorsal  dislocations  also  the  head  of  the  bone  leaves  the  capsule  in  a 
downward  direction,  while  the  limb  is  abducted.  He  is  of  opinion  that  with 
few  exceptions  aU  dislocations  are  primarily  the  same,  that  is  to  say,  down- 
wards, the  subsequent  position  of  the  bone  being  determined  by  the  degree  of 
flexion  and  rotation  to  which  the  limb  is  exposed.  Thus  the  posterior  dis- 
location results  from  flexion  and  rotation  inwards  accompanying  abduction, 
and  the  anterior  or  pubic  from  rotation  outwards  and  extension  accompany- 
ing abduction,  while  the  downward  dislocations  result  from  forced  abduction 
alone.  That  this  explanation  is  true  of  the  great  majority  of  dislocations  is 
highly  probable,  but  there  are  recorded  cases  to  show  that  a  dorsal  dislocation 
may  occur  in  the  way  described  by  Sir  Astley  Cooper,  directly  backwards 
during  flexion  and  adduction.  I 

With  regard  to  the  Relative  Frequency  of  the  various  fonns  of  disloca- 
tion. Sir  Astley  Cooper  says,  that  of  20  cases  of  dislocation  of  the  hip,  12  will, 
on  the  average,  be  on  the  dorsum  ilii  (above  the  tendon  of  the  obturator 
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internus  of  Bigelow),  5  on  the  sciatic  notch  (below  the  tendon  of  the  obturator 
internus),  2  on  the  thyroid  foramen,  and  1  on  the  pubic  bone.  Hamilton 
states  that,  excluding  anomalous  cases,  of  104  dislocations  which  he  has  col- 
lected, 55  were  on  the  dorsum  ilii,  28  into  the  sciatic  notch  (below  the  tendon 
of  the' obturator  interuus),  13  into  the  thyroid  foramen,  and  8  upon  the  pubes. 

In  the  Reduction  of  dislocations  of  the  hip- joint,  two  methods  may  be 
employed,  extension  or  manipulation.    In  extension,  forcible  traction  is  made 
by  pulleys  or  otherwise  in  the  direction  of  the  axis  of  the  limb,  overcoming  by 
main  force  any  obstacle  arising  from  muscular  contraction  or  the  mechanical 
resistance  of  hgaments.  In  manipulation  force  is  avoided,  the  Surgeon's  object 
being  to  relax  the  ligaments  which  offer  a  mechanical  obstruction  to  reduction, 
and  to  disentangle  the  head  of  the  bone  from  its  abnormal  position,  and  by 
impressing  on  it  various  rotatory  movements,  each  adapted  to  the  particular 
case,  to  bring  it  back  into  the  acetabulum.    Manipulation  is  mentioned  by 
Hippocrates.    The  earliest  modern  description  is  by  Thomas  Anderson,  Sur- 
geon, of  Leith,  in  the  third  volume  of  "  The  Medical  and  Philosophical  Com- 
mentaries" for  1775.  He  describes  two  cases,  one  of  dislocation  on  the  foramen 
ovale  in  a  man — the  other  a  dislocation  on  the  dorsum  ilii  in  a  boy.    In  the 
first  case  the  pulleys  had  been  used  ineifectually  several  times,  when  the 
"  lacque  "  slipping,  their  use  was  discontinued.    Mr.  Anderson  says  :  "  I  was 
convinced  that  attempting  the  reduction  in  the  common  method,  with  the 
thigh  extended,  was  improper,  as  the  muscles  were  put  upon  the  stretch,  the 
action  of  which  is  perhaps  sufficient  to  overcome  any  extension  we  can  employ. 
But  by  bringing  the  thigh  to  near  a  right  angle  with  the  trunk,  by  which  the 
muscles  would  be  greatly  relaxed,  I  imagined  the  reduction  might  more  readily 
take  place,  and  with  much  less  extension,    I  raised  the  thigh  to  adout  a  right 
angle  ivith  the  trunk,  and,  with  my  right  hand  at  the  ham,  laid  hold  of  the 
thigh,  and  made  what  extension  I  could.    At  the  same  time  that  I  did  this, 
with  my  left  hand  at  the  head  and  inside  of  the  thigh,  I  pressed  it  towards  the 
acetabulum,  while  my  right  gave  the  femur  a  little  circular  turn,  so  as  to  bring 
the  rotula  inwards  to  its  natural  situation,  and  at  the  second  attempt  it  went 
in  with  a  snap."    In  the  second  case,  the  reduction  was  not  attempted  till  the 
eighteenth  day  after  the  accident.    The  patient  was  laid  across  the  bed,  and 
the  thigh  raised  so  as  to  form  an  acute  angle  with  the  trunk.    In  this  situa- 
tion, the  knee  of  the  dislocated  limb  lay  considerably  over  the  sound  thigh. 
"  Considerable  extension  was  then  made  ;  with  my  left  hand  I  laid  hold  of 
the  middle  of  the  leg  which  I  brought  inwards.    By  this  the  femur  made  a 
circular  turn,  which  directed  its  head  towards  the  acetabulum,  into  which  it 
went  with  a  sensible  noise  "  (pp.  426 — 428). 

The  method  was,  however,  first  distinctly  advocated  by  Nathan  Smith,  in 
1831,  and  extended  by  Reid,  of  Rochester  (U.S.A.),  in  1851  ;  but  it  was  not 
until  the  publication  of  Bigelow's  work  that  the  scientific  principles  of 
manipulation  were  fully  laid  down.  At  the  present  time  no  Surgeon  would 
resort  to  extension  by  means  of  pulleys  in  a  rece7it  dislocation  of  the  hip  with- 
out having  first  attempted  reduction  by  manipulation.  In  those  of  old  stand- 
ing, extension  by  means  of  the  pulley  is  still  required,  as  by  manipulation 
sufficient  force  cannot  be  exerted  to  overcome  those  secondary  causes  of  resist- 
ance that  become  developed  in  such  cases. 

After-Treatme7it. — The  fact  of  the  reduction  being  accomplished  is  ascer- 
tained by  comparing  the  bony  points  of  the  limb  with  those  of  the  opposite 
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side,  and  seeing  if  they  correspond,  A  long  splint  and  spica  bandage  should 
then  be  apphed  to  fix  the  thigh,  and  the  patient  should  be  kept  in  bed  for  a 
fortnight,  so  that  reunion  of  the  ruptured  tissues  may  take  place. 

I  shall  describe  both  methods  of  reduction  in  connection  with  each  of  the 
principal  forms  of  dislocation  of  the  hip. 

1.  Dorsal  Dislocations,  or  Dislocation  Upwards  and  Backwards. — 
Causes. — The  dislocations  upwards  and  backwards  which  are  inost  commonly 
met  with  in  the  hip,  are  occasioned  by  violence  acting  upon  the  limb  while 
flexed  and  slightly  adducted,  or  according  to  some  authorities,  aljducted  :  as 
when  a  person  is  struck  on  the  back  with  a  heavy  Aveight  whilst  kneeling,  or 
is  thrown  forwards,  or  falls  whilst  carrying  a  heavy  load  upon  his  shoulders, 
when  the  upper  and  posterior  part  of  the  joint  receives  the  whole  strain. 
Thus,  in  a  case  under  my  care  in  University  College  Hospital,  it  was  caused 
by  a  heavy  weight  falling  from  a  crane  upon  a  man's  back  as  he  was  kneehng 
on  one  knee  and  reaching  down  to  put  a  ticket  on  the  side  of  a  railway-truck. 
In  another  case  it  was  caused  by  the  patient's  falling  between  the  carriage  and 
platform  in  a  railway-station  in  such  a  way  that  he  lay  on  his  side  on  the 
footboard  with  his  knee  against  the  platform  and  his  back  against  the 
carriage.  As  the  carriage  slowly  moved,  his  leg  became  flexed,  and  the  space 
being  insuificient,  the  head  of  the  bone  was  pushed  out  of  the  socket.  Bigelow 
states  that  if  the  femur  is  flexed  at  right  angles,  and  thrust  directly  backwards 
with  sufficient  force,  the  head  will  tend  to  pass  between  the  obtm'ator  internus 
and  the  pyriformis.  At  an  angle  of  forty-five  degrees,  it  may  be  thrust 
upwards  and  backwards  above  the  pyriformis.  Both  these  displacements 
would  give  rise  to  the  symptoms  of  dislocation  upon  the  dorsum  ilii.  In 
extreme  flexion,  or  in  cases  complicated  by  forcible  inward  rotation,  the  head 
tends  to  pass  out  beneath  the  tendon  of  the  obturator  internus,  and  we  then 
have  the  form  of  dorsal  dislocation  formerly  described  as  into  the  sciatic 
notch. 

Pathological  Anatomy. — The  capsule  is  ruptured  below  or  more  rarely  behind, 
but  the  ilio-femoral  ligament  is  intact  in  all  dorsal  dislocations.  The  liga- 
mentum  teres  is  mostly  torn,  but  not  necessarily  in  all  cases.  Dupuytren  and 
Sedillot  both  mention  cases  in  which  this  ligament  escaped  without  rupture. 
In  dislocation  on  the  dorsum  ilii,  the  head  will  be  found  lying  in  a  variable 
position  on  the  ilium,  above  and  behind  the  acetabulum.  The  trochanter  is 
directed  forwards,  being  held  in  that  position  chiefly  by  the  um-uptured 
external  band  of  the  ilio-femoral  ligament,  which  is  very  tense.  The  muscles 
are  torn  to  a  varying  degree  in  different  cases.  Sir  Astley  Cooper  found 
the  gemelli,  obturators,  and  quadratus,  completely  torn,  and  the  pectineus 
shghtly  torn  in  one  case.  Syme  found  the  gluteus  maximus  extensively 
torn,  with  the  head  of  the  bone  imbedded  in  it ;  the  gluteus  minimus,  the 
pyrifoiTuis,  and  the  gemellus  superior  lacerated  ;  and  the  head  of  the  femur 
lying  upon  the  gemelli  and  the  great  sciatic  nerve.  MacCarthy  found  the 
deeper  fibres  of  the  gluteus  maximus  torn  by  the  head  of  the  bone,  which 
was  lying  with  its  anterior  part  on  the  brim  of  the  acetabulum,  with  the 
lowermost  fibres  of  the  gluteus  minimus  interposed,  and  the  dimple  for  the 
ligamentum  teres  directed  backwards  and  inwards.  Tiie  posterior  fibres  of  the 
gluteus  mcdius  were  also  lacerated,  and  the  pyriformis,  obturator  internus, 
and  gemelli  had  been  completely  torn  from  their  pelvic  attachments.  The 
quadratus  femoris  was  uninjured.    The  capsule  had  given  way  posteriorly  ; 
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in  front  imd  above  it  was  intact.  Althougb  some  fibres  of  the  ligamentum 
teres  had  been  raptured,  the  11. -anient  still  resisted  all  attempts  to  break  it. 
The  ilio-femoral  and  pubi-femoral  bands  were  uninjured,  notwithstanding 
that  the  acetabulum  had  separated  into  its  three  component  parts,  tbe  frac- 
ture also  traversing  the  iho-pectiueal  eminence.  The  lowermost  fibres  ot  the 
external  oblique  muscle  of  the  abdomen,  and  some  fibres  of  the  sartorius, 
psoas  magnus,  and  iliacus  internus  muscles  were  also  ruptured.  In  all_  these 
cases  it  is  evident  that  the  bone  had  passed  out  above  the  obturator  ;  m  the 
last  this  muscle  was  torn. 

In  dislocations  ieloiv  the  tendon  of  tU  obturator  internus  the  position 
assumed  by  the  bone  is  best  explained  by  the  accompanying  figures  taken 
from  Bigelow's  work  on  the  Hip.  Fig.  290  shows  the  normal  position  of  the 
muscle  behind  the  head  and  neck  of  the  bone.  It  is  evident  that  in  a  state 
of  extreme  flexion,  or  of  moderate  flexion  with  forcible  internal  rotation,  the 
head  might  be  made  to  pass  out  beneath  the  muscle.  Immediately  after  the 
accident  the  limb  is  almost  mvariably  extended  either  in  lifting  the  patient 
or  in  placing  him  on  his  back.    The  ilio-femoral  ligament  being  untorn,  and 


consequently  the  neck  of  the  femur  being  more  or  less  firmly  fixed,  the  head 
moves  upwards  as  the  limb  is  extended  till  it  comes  to  lie  above  the  muscle  in 
the  position  shown  in  Fig.  291,  the  obturator  internus  now  lying  in  front  of 
the  neck  of  the  bone  and  passing  over  it,  thus  limiting  the  displacement 
upwards.    The  injury  to  surrounding  muscles  is  very  various.  Billard 
d' Angers  found  the  gluteus  maximus  and  medius  lacerated  and  the  gemelli 
torn,  probably  from  the  strain  they  had  been  subjected  to  by  the  position 
.of  the  obturator.    MacCarthy  found  the  gluteus  maximus  not  torn,  but  the 
bursa  between  it  and  the  vastus  externus  was  ruptured  and  filled  with  blood. 
■  The  sheath  of  the  great  sciatic  nerve  was  also  distended  with  blood,  and  the 
.nerve-fibres  separated  from  one  another.    The  posterior  fibres  of  the  gluteus 
minimus  were  torn  and  the  areolar  tissue  beneath  the  muscle  filled  with  blood. 
.The  quadratus  femoris  muscle  was  torn  completely  in  two,  and  the  uppermost 
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fibres  of  the  adductor  magnus,  and  some  fibres  of  the  gemelli  and  obturator 
internus  muscles,  were  lacerated.  The  capsule  was  perfect  in  front  and  above, 
but  torn  at  the  most  posterior  part.  The  ligamentum  teres  had  been  torn  off 
close  to  the  femoral  attachment. 

The  accompanying  drawing  (Fig.  292)  is  from  a  case  which  was  admitted 
into  University  College  Hospital.  The  patient  died  from  other  injuries  a  few 
hours  after  admission.  The  dislocation  was  reduced  without  the  slightest 
difficulty  by  manipulation  and  showed  no  tendency  to  slip  out  again,  though 
the  man  was  very  restless  before  death.  The  dislocation  was  easily  reproduced 
after  the  limb  had  been  dissected  and  rigor  mortis  had  passed  off.    A  con- 


Fig.  292.— Dorsal  Dislocation  below  the  tendon,  jr,  <f,  g",  Gluteus  max.,  uimlius,  and  minimus:  p,  pj-ri- 
fomiis;  a,  attachment  of  capsule;  /,  trochanter;  ijc  i,  gemellus  inferior;  7,  <)uadratus ;  11,  great  sciatic 
nerv'e ;  ad,  adductor  magnus ;  h,  biceps  ;  oh,  obturator  iuteruus  ;  ge  s,  gemellus  superior. 

siderable  extravasation  of  blood  was  found  beneath  the  gluteus  maximus.  The 
only  muscle  torn  was  the  gemellus  inferior,  the  upper  border  of  the  quadratus 
was  slightly  bruised,  and  the  lower  border  of  the  gluteus  minimus  was  also 
marked  by  a  little  extravasated  blood,  apparently  from  the  pressure  of  the 
head  of  the  bone  in  its  abnormal  position,  and  there  was  extravasated  blood  in 
the  sheath  of  the  great  sciatic  nerve.  A  small  fragment  had  been  chipped 
from  the  margin  of  the  acetabulum,  but  was  firmly  fixed  by  the  capsule. 

Sijmpioms. — If  the  head  of  the  boue  have  been  displaced  alove  (he  ohiuralor 
and  upon  the  dorsum  of  the  iliimi,  the  hip  will  lie  found  to  be  a  good  deal  dis- 
torted, the  gluteal  region  being  somewhat  prominent,  and  the  upper  part  <»f 
the  thigh  enlarged,  in  consequence  of  the  approximation  of  the  muscular 
attachments,  so  as  to  give  an  appearance  of  widening  to  the  hip.  The  head 
of  the  bone  can  be  felt  in  its  new  situation,  more  esijecially  on  rotating  tlie 
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limb  ;  the  trochanter  is  less  prominent  than  natural,  usually  lying  close 
against  the  brim  of  the  acetabulum,  and  being  turned  forwards  ;  it  lies  con- 
siderably above  "  Nekton's  line  "  drawn  from  the  anterior  superior  spine  of 
the  ilium  to  the  tuberosity  of  the  ischium  ;  there  is  marked  shortening,  vary- 
ing from  one  to  two  inches  in  some  cases,  perhaps  even  as  much  as  three 
inches.  The  amount  of  shortening  will  necessarily  depend  upon  the  distance 
to  which  the  head  of  the  bone  is  thrown  upwards  on  the  dorsum.  The 
position  of  the  limb  is  remarkable,  being  distinctly  rotated  inwards,  with  the 
thigh  slightly  bent  upon  the  abdomen,  and  the  leg  upon  the  thigh,  so  that 
the  knee  is  semi-flexed,  and  raised  from  the  surface  on  which  the  patient  is 
lying.  The  foot  is  inverted,  so  that  the  ball  of  the  great  toe  rests  on  the 
instep  or  against  the  ankle  of  the  sound  limb  ;  and  the  heel  is  somewhat 
raised.  The  axis  of  the  dislocated  thigh  is  directed  across  the  lower  third  of 
the  sound  thigh.  The  movements  of  the  joint  are  greatly 
impaired  :  abduction  and  eversion  are  not  practicable  ;  but 
inversion,  adduction,  and  a  certain  amount  of  flexion  upon 
the  abdomen,  can  be  practised.  When  the  patient  is  lying 
flat,  with  the  knee  slightly  raised  and  advanced,  the  lumbar 
spine  is  on  its  proper  level ;  but  if  an  attempt  be  made  to 
straighten  the  knee,  so  that  the  limb  hes  flat,  the  lumbar 
spine  AviU  arch  forwards. 

The  slight  flexion,  the  rotation  inwards,  and  the  adduc- 
tion are  all  due  to  the  position  in  which  the  neck  of  the  bone 
is  held  by  the  iho-femoral  ligament ;  flexion  and  adduction 
are  easy  because  by  approximating  the  intertrochanteric  line 
to  the  anterior  inferior  iliac  spine  they  relax  the  ligament. 

When  the  head  of  the  bone  has  escaped  lelow  the  iendon 
of  the  obturator  we  have  the  dislocation  formerly  described 
as  into  the  sciatic  notch,  and  to  which  the  name  "  sciatic  " 
is  still  usually  applied.    If  seen  immediately  after  the  acci- 
dent there  may  be  extreme  flexion  and  adduction,  the  dis-  ^'Low'  ^if  TTndm" 
located  limb  crossing  the  sound  thigh  near  the  groin,  but   ^""'^  '"veision.  (Sil 
usually  before  the  Surgeon  sees  the  case  the  limb  has  been 
brought  down  so  that  the  head  has  gone  up  behind  the  obturator.  The 
symptoms  then  resemble  those  of  the  dislocation  on  to  the  dorsum  ilii,  diflPering 
chiefly  in  degree.   The  inversion  of  the  knee  and  foot  are  according  to  Bigelow, 
I  more  marked,  and  consequently  the  trochanter  is  less  prominent  than  in  the 
dislocation  on  the  ilium.    In  some  cases,  however,  the  inversion  is  less 
!  marked  than  in  others.    The  shortening  is  very  much  less,  as  it  is  limited  by 
the  obturator  internus  in  its  abnormal  position,  and  consequently  the  trochanter 
.is  but  little  above  Nelaton's  line  ;  it  seldom  exceeds  an  inch  and  is  usually  not 
> so  much.    The  position  of  the  limb  will  depend  upon  the  degree  to  Avhich  the 
.thigh  has  been  extended  since  the  accident.    In  the  erect  position  the  weight 
of  the  limb  brings  it  down  so  that  the  axis  of  the  thigh  may  be  directed 
across  the  sound  knee,  and  the  toes  of  the  injured  side  may  rest  on  those  of  the 
opposite  foot.    Thus  it  may  closely  resemble  a  dislocation  on  the  dorsum  ilii, 
the  most  important  diflFcrence  being  the  small  amount  of  shortening  when 
the  head  has  escaped  below  the  tendon.    By  violent  manipulation  or  extension 
the  obturator  internus  may  be  torn,  and  the  lower  dislocation  may  thus  be 
converted  into  one  on  the  dorsum  ilii. 
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Tlic  D'iaffnosis  of  this  form  of  dislocation  is  easy  in  proportion  as  the  head  of 
the  bone  lies  high  on  the  dorsum  ilii.  The  lower  it  is  placed  the  more  difficult 
does  the  detection  of  the  displacement  become,  and  the  greater  the  risk  of  its 
being  overlooked  altogether,  or  mistaken  for  a  sprain.  In  ordinary  cases  of  I 
fracture  of  the  neck  of  the  thigh-bone,  the  eversion  of  the  limb  at  once  shows 
that  the  head  of  the  bone  is  not  dislocated  on  the  ihum.  The  only  severe 
injury  of  the  hip  with  which  the  dislocation  upwards  and  backwards  can 
be  confounded,  is  the  rare  case  of  fracture  of  the  necJc  of  the  thigh-hone, 
with  inversion  of  the  limd.  In  this  accident,  the  increased  mobility  and 
the  existence  of  crepitus  will  enable  the  Surgeon  to  make  the  diagnosis. 
Should  the  case,  however,  be  one  of  impacted  extracajjsular  fracture,  with  inver- 
sion, then  the  difficulty  of  diagnosis  is  undoubtedly  great.  A  correct  conclusion 
may,  however,  be  arrived  at  by  observing  that  in  the  fracture  the  flattened 
trochanter  is  approximated  to,  and  is  in  nearly  a  perpendicular  line  with,  the 


Fig.  204. — Reduction  of  a  Dorsal  Dislocation  of  the  Hip  by  Traction. 


anterior  superior  spine  of  the  ilium  ;  whilst  in  the  dislocation  the  trochanter  ,  ■ 
is  diagonally  behind  that  process  of  bone,  and  the  head  of  the  thigh-bone  can  ■ 
be  felt  in  its  new  situation  by  deep  manipulation  of  the  gluteal  region.  i 

Rednction  of  Dorsal  Dislocation  by  Manipulation. — The  patient  i 
must  be  laid  upon  his  back  on  a  mattress  on  the  floor  and  fuUy  anaesthetized,  1 
the  Surgeon  standing  on  the  injured  side.  There  are  two  chief  ways  in  [ 
which  reduction  may  be  effected,  viz.,  by  traction  and  by  rotation.  Traction  is  ! 
thus  performed  : —  « 

Flex  the  thigh  upon  the  abdomen,  bcndiug  the  limb  at  the  knee  to  a  right  I 
angle  (Fig,  294).  The  flexion  relaxes  the  ilio-femoral  ligament, and  the  relaxation  I 
may  be  further  increased  by  slight  adduction  ;  then  rotate  very  slightly  inwards  ;  1 
that  is  to  say,  move  the  foot  away  from  the  middle  line  while  the  knee  is  held  i 
steady.  This  disengages  the  head  from  behind  the  socket ;  slight  traction  in 
the  line  of  tlie  femur  will  then  usually  bring  the  bone  into  position  ;  if  more 
force  is  required  the  Surgeon  may  place  his  foot,  covered  only  with  a  stocking,  ' 

I 
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on  the  anterior  superior  spinous  process,  to  steady  the  pelvis  while  he  raises 
the  bent  knee.  In  the  great  majority  of  cases  reduction  will  be  easily  effected 
by  this  plan. 

Rotation  is  thus  performed.  The  Surgeon,  standing  on  the  injured  side,  grasps 


Fig.  295.— Reduction  of  a  Dislocation  by  Rotation.  Tlie  Thigh  is  flexetl,  sliglitly  adducted  and 
rotated  inwards,  as  in  the  first  stage  of  reduction  of  a  dorsal  dislocation. 


the  ankle  with  one  hand  and  the  knee  in  the  other  as  in  Fig.  295.  He  then 
steadily  flexes  the  thigh  upon  the  abdomen,  so  that  the  head  of  the  bone  is 
lifted  out  from  behind  the  acetabu- 
lum and  the  ilio-femoral  ligament 
relaxed.  At  the  same  time  that  the 
thigh  is  flexed  it  is  better  to  keep  it 
slightly  adducted.  The  limb  must 
now  be  slowly  abducted,  and  finally 
rotated  outwards  by  bringing  the 
foot  of  the  injured  side  over  the 
sound  leg.  By  this  manoeuvre  the 
head  is  made  to  revolve  around  the 
great  trochanter,  which  is  fixed  by 
the  outer  branch  of  the  Y-ligament, 
and  to  rise  into  its  articular  cavity 
(Fig.  296).  Finally  the  limb  is 
brought  down  parallel  to  the  other. 
Bigelow  has  summarised  the  move- 
ments necessary  to  efiFcct  reduction 
this  way  in  the  following  words,  "  Lift  vp,  lend  out,  roU  out:' 

Reduction  by  Extension,  according  to  Sir  Astlcy  Cooper's  method,  is 
efiected  in  the  following  manner.    The  patient,  having  been  put  under  the 


Fig.  29G. — Dorsal  Bislooation.  Reduction  by  Rotation. 
The  limb  has  been  Hexed  iind  abducted,  and  it  remains 
only  to  rotate  it  outwards,  and  so  to  render  tlio  outer 
Brancli  of  tlie  Y-ligament  tense.  (Bigelow.) 
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influence  of  chloroform,  is  laid  on  his  back  upon  a  strong  taljle.  One  staple 
should  then  be  fixed  in  the  floor  near  the  head  of  the  bed  at  the  side  corre- 
sponding to  that  of  the  dislocated  limb,  while  another  staple  is  placed  in  the 
wall  at  the  foot,  above  the  level  of  the  body,  in  a  direct  line  with  the  axis  of 
the  limb,  and  about  twelve  feet  from  the  other.  The  counter-extending 
force  must  then  be  made  by  a  jack-towel  or  a  padded  leather  belt  passed 
between  the  injured  thigh  and  the  perinasum,  and  fixed  to  the  staple  in  the 
floor.  The  pulleys  must  now  be  attached  to  proper  straps,  or  to  a  towel 
fixed  with  a  clove-hitch  knot  immediately  above  the  knee,  at  one  end ;  the 
other  extremity  being  attached  to  the  staple  in  the  wall,  which  should  be 
so  situated  as  to  be  continuous  with  the  axis  of  the  lower  part  of  the  limb. 
The  knee  being  then  slightly  bent  and  rotated  inwards,  traction  is  applied 
slowly  and  steadily  until  the  head  of  the  bone  has  approached  the  acetabulum, 
when  the  Surgeon  rotates  the  limb  outwards  so  that  the  head  may  slip  into 
its  socket  (Fig.  297).    This  method  is  seldom,  if  ever,  required  in  recent  dis- 


Fig.  297.  — Reiluction  of  Ilio-sciatic  Dislocation  by  Extension. 


locations.  Should  it  be  necessary,  as  in  an  old  dislocation,  it  would  be  better 
to  flex  the  thigh  more  than  is  shown  in  the  figure  after  the  bone  had  been 
brought  down  as  far  as  possible  by  extension  in  the  axis  of  the  limb. 

Reduction  of  the  Dislocation  "below  the  Tendon  of  the  Obturator  is 
effected  by  the  same  processes  of  manipulation  as  in  the  other  form  of  the 
dorsal  dislocation.  The  first  method,  that  of  traction,  is  usually  at  once 
successful.  Sir  A.  Cooper  found  great  difficulty  in  the  reduction  of  this 
dislocation,  and  he,  Lisfi-anc  and  other  Surgeons,  have  failed  to  reduce  it  by 
extension.  They  believed  that  the  difficulty  arose  from  the  head  of  the  bone 
sinking  into  the  great  sciatic  notch.  The  fallacy  of  this  view  and  the  part 
played  by  the  obturator  internus  in  resisting  reduction  by  extension  in  the 
axis  of  the  limb  has  been  already  pointed  out.  Should  extension  be  necessary, 
it  must  be  made  with  the  thigh  flexed  at  a  right  angle  to  the  trunk. 

In  cither  of  these  dislocations,  if  difficulty  arise  in  raising  the  bone  over  the 
edge  of  the  acetabulum,  recourse  may  be  had  to  the  plan  recommended  by  Sir 
Astley  Cooper,  of  lifting  the  liead  of  the  l)one  over  the  edge  of  the  acetabulum 
by  means  of  a  round  towel  placed  under  the  upper  part  of  the  thigh  and  over 
the  shoulders  of  an  assistant,  who,  first  stooping  and  at  the  same  time  resting 
his  foot  on  the  patient's  pelvis,  should  then  raise  his  shoulders  and  draw  the 
bone  towards  its  socket. 

Dislocation  downwards  and  outwards  towards  the  tuberosity  of 
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the  ischium  is  described  by  Bigelow  as  closely  allied  to  the  dorsal  disloca- 
tion below  the  tendon.    It  arises  from  causes  similar  to  those  giving  rise  to  a 
dorsal  dislocation,  applied  when  the  thigh  is  fully  flexed  on  the  abdomen. 
The  head  of  the  bone  bursts  out  through  the  capsule 
and  passes  below  the  tendon  of  the  obturator  internus, 
rupturing  the  gemellus  inferior  and  the  quadratus^  and 
comes  to  lie  close  to  the  tuberosity  of  the  ischium. 
It  can  be  felt  in  this  situation  ;  there  is  extreme 
flexion  and  adduction  and  rotation  inwards  (Fig.  298). 
On  extending  the  limb,  the  neck  of  the  bone  remain- 
ing fixed  by  the  iho-femoral  ligament,  the  head  passes 
upwards  behind  the  tendon  of  the  obturator  internus, 
and  the  dislocation  is  thus  converted  into  an  ordinary 
"  dorsal  below  the  tendon." 

Dislocations  of  the  head  of  the  femur  directly 
hack-wards  with  fracture  of  the  brim  of  the  acetabu- 
lum may  occur  when  a  heavy  weight  falls  on  the  back 
of  a  person  who  is  kneeling.  In  this  case  the  pelvis 
is  driven  down  violently  on  the  femur,  which  is  fixed  against  the  ground  at 
its  lower  end.  The  impact  of  the  blow  drives  the  posterior  part  of  the  brim 
of  the  acetabulum  against  the  head  of  the  femui-,  and  this  is  thrust  through 
the  capsule  at  its  posterior  part.  It  is,  perhaps,  rather  the  pelvis  that  is 
thrust  forwards  than  the  femur  backwards — but  the  result  is  the  displacement 


Fig.  298.— Dislocation  Down- 
^val■ds  and  Outwards  to- 
wards tlie  TulDsrosity  below 
Tendon.  (Bigelow.) 


r':„  ono  • .  T^-  ,     X.  •'^'G-  300.— Reduction  l)y  Manipulation  in  Thyroid 

Fig.  299.-ThyroKl  Dislocation.  Dislocation.     Rotation  and  Circumductiou  In- 

(Uigelow.)  wards  of  Head  of  Femur.  (Bigelow.) 

of  the  head  of  the  bone,  and  its  being  lodged  directly  backwards  behind  the 
cotyloid  cavity. 

2.  Dislocation  Downwards  or  Thyroid  Dislocations.— (7i?z<sc5.— This 
dislocation  appears  to  be  occasioned  by  the  limb  being  suddenly  and  violently 
abducted,  as  by  falls  with  the  legs  widely  separated  ;  in  consequence  of  which 
the  head  of  the  bone  is  tiltsd  against.the  inner  side  of  the  capsule,  and,  ruptur- 
ing this,  is  thrown  on  the  thyroid  foramen. 
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Pathological  Anatomy. — The  head  of  the  bone  escapes  by  a  laceration  of 
the  inner  side  of  the  capsule  where  it  is  thin  and  membranous.  The  ilio- 
femoral ligament  is  untorn,  and  holds  the  root  of  the  neck  up  while  the  head 
descends,  and  passes  somewhat  inwards,  consequently  the  femur  is  flexed  and 
abducted.  The  roimd  ligament  is  torn.  The  pectineus  and  adductor  brevis 
muscles  have  been  found  to  be  lacerated  in  this  injury. 

Symptoms. — The  hip  is  flattened,  and  the  prominence  of  the  trochanter 
completely  absent,  or  indeed  replaced  by  a  depression.  The  limb  is  lengthened 
by  about  two  inches,  advanced  before  the  other,  and  consideral^ly  abducted 
(Fig.  299).  The  knee  is  bent  and  incapable  of  extension  ;  the  foot  usually 
points  forwards,  but  is  sometimes  slightly  everted  and  widely  separated  fi-om 
its  fellow.  When  the  patient  stands,  the  body  is  bent  forwards,  partly  to 
accommodate  the  pelvis  to  the  flexed  position  of  the  limb  dependent  on  the 
ilio-femoral  ligament,  and  partly  on  account  of  the  tension  of  the  psoas  and 
iliacus  muscles  ;  in  a  thin  person  the  bone  may  be  felt  in  its  new  situation. 
When  he  lies  on  his  back  the  knee  is  much  raised,  the  thigh  being  flexed 
according  to  Bigelow  to  an  angle  of  35°. 

Reduction  by  Manipulation  must  be  done  by  rotation  or  traction  as 
follows.  In  rotation  the  limb  having  been  flexed  on  the  abdomen  so  as  to 
bring  it  into  a  perpendicular  position,  must  be  slightly  abducted  so  as  to 
disengage  the  head  of  the  bone.  The  thigh  is  then  to  be  strongly  rotated 
inwards,  and  adducted,  the  knee  being  carried  towards  the  floor  (Fig.  300). 

Eeduction  by  traction  may  be  done  thus  :  the  Sm-geon  flexes  the  limb  and 
abducts  it,  and  then  placing  his  foot  upon  the  side  of  the  pelvis,  pulls  or 
jerks  the  thigh  in  the  direction  in  which  the  head  is  required  to  go  to  reach 
the  socket.  If  more  force  is  required  a  towel  may  be  put  round  the  lower 
part  of  the  thigh. 

Reduction  Tjy  Extension  is  to  be  done  in  the  following  manner.  The 
patient  is  laid  on  his  back  ;  the  counter-extending  girth,  or  towel,  is  then 
placed  round  the  pelvis  and  fixed  firmly  to  a  staple  next  to  the  sound  side  of 
the  patient.  A  padded  girth  is  then  to  be  placed  between  the  perinseum  and 
the  upper  part  of  the  dislocated  thigh.  From  this,  extension  is  made  by  means 
of  the  tourniquet  or  the  pulleys,  which  are  fixed  to  a  staple  at  a  little  distance 
from  the  injured  side  of  the  patient.  Extension  having  then  been  made  to 
such  a  degree  as  to  elevate  the  head  of  the  bone  from  the  depression  in  which 
it  lies,  the  Surgeon  passes  his  hand  behind  the  sound  leg,  and,  seizing  the 
ankle  of  the  injured  limb,  presses  it  backwards  and  draws  it  towards  the  mesial 
line,  taking  care  to  keep  the  knee  straight,  and  thus  throwing  the  head  of  the 
bone  into  the  acetabulum  by  the  action  of  a  long  lever  (Fig.  301). 

The  following  are  more  rare  forms  of  dislocation  downwards. 

The  head  of  the  thigh-bone  may  be  thrown  directly  downwards,  so  as  to 
rest  011  the  lower  margin  of  the  acetabulum,  between  the  sciatic  notch  and 
the  thyroid  foramen.  Two  cases  of  this  injur)'  have  been  recorded  by  Gurney 
of  Camborne,  and  one  by  Luke.  In  it  there  is  less  eversion  of  the  limb  than 
in  the  thyroid  dislocation  (Fig.  302).  Bigelow  has  pointed  out  that  the  head 
of  the  bone,  when  thrown  below  the  lower  margin  of  the  acetabulum,  may  be 
further  displaced;  either  backwards  on  the  dorsum  ilii,  or  forwards  to  the 
thyroid  foramen.  In  extreme  flexion,  however,  the  head  may  pass  down  as 
far  as  the  tuherosity  or  the  ascending  ralnus  of  the  ischixnn  ;  in  the  former 
case  the  limb  is  everted,  in  the  latter  inverted,  and  in  all  cases  flexed. 
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The  head  of  the  bone  may  pass  also  into  the  perinaeum,  so  as  to  be  felt 
in  its  abnormal  situation  behind  the  scrotum.    It  has  been  known  to  compress 


Fig.  301.— Reduction  of  Dislocation  into  Thyroid  Foramen  by  Extension. 


the  urethra,  and  thus  give  rise  to  retention  of  urine.  The  thigh  is  extremely 
abducted  and  stands  out  at  a  right  angle  with  the  body  ;  and  the  toes  may  be 


Fig.  .302.— Oislncation  directly 
downwards.  (Bigelow.) 


Fig.  303.— Dislocation  downwards  and  inwai'ds 
towards  Perina-uin.  (Bigelow.) 


either  inverted  or  everted— which  is  ascribed  by  Bigelow  to  the  want  of  firm 
bearing  for  the  trochanter  in  the  perinajum  (Fig.  Wd). 

VOL.  I. 
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In  the  Reduction  Ijy  Manipulation  of  these  two  rare  forms  of  dislocation 
downwards,  the  thigh  is  to  be  bent  and  its  head  guided  towards  the  socket. 
During  this,  the  dislocation  is  sometimes  converted  into  one  of  the  thyroid  or 
dorsal  variety.  In  the  dislocations  downwards,  vertical  traction  and  slight 
inward  rotation  may  be  used  ;  in  the  dislocations  downwards  and  outwards, 
traction  upwards  and  inwards,  with  abduction  and  rotation  outwards  ;  in  the 
displacement  downwards  and  inwards,  traction  upwards  and  outwards. 

Probably  allied  to  these  forms  of  dislocation  is  that  in  which  the  head  of 
the  bone  has  been  found  thrown  downwards  and  "backwards  towards  tlie 
lesser  sciatic  notch.  In  these  cases  there  is  considerable  shortening,  but 
the  position  of  the  limb  appears  to  vary.    In  an  instance  that  occurred  to 


Pig.  304.— Pubic  Dislocation.  Fig.  305.— Pubic  Dislocation.   Head  of  Bone  in 

(Bigelow.)  Groiu  .susi)euded  by  Y-ligament.  (Bigelow.) 

Keate,  the  limb  was  abducted  and  the  toes  turned  outwards.  In  a  case 
reported  by  Wormald,  the  limb  was  turned  inwards.  Although  the  limb  is 
described  as  shortened  in  these  cases,  Warren  has  related  a  case  in  which  it  was 
elongated. 

Dislocation  Upwards  or  Pubic  Dislocation. — The  Cause  of  this 
dislocation  is  either  direct  A'ioleucc  apijlied  to  the  back  of  the  thigh  whilst  the 
limb  is  abducted  ;  or  it  arises  from  the  patient  making  a  false  step  in  walking, 
and  suddenly  throwing  his  body  backwards  in  order  to  avoid  a  fall,  twisting 
and  displacing  the  limb. 

Patholorjical  Anatomy.  The  capsule  is  lacerated  at  its  inner  aspect,  the  ilio- 
femoral ligament  remaining  untorn  and  causing  rotation  of  the  limb  outwards  ; 
the  obturator  intenius  is  tense  and  holds  the  limb  backwards,  being  the 
chief  agent  in  preventing  flexion  ;  the  gemolli  are  stretched  or  torn,  and  the 
quadratus  femoris  has  also  been  found  to  be  ruptured.  In  one  case  related  by 
Sir  A.  Cooper,  Poupart's  ligament  was  torn  up,  and  in  another  the  pectineus 
and  adductors  were  torn  ;  but  whether  this  was  done  by  the  dislocation  or  by 
the  direct  injury  tiiat  occasioned  it,  is  uncertain. 

Symptoms.— dislocation  upwards  on  the  Pubic  Bone  presents  very 
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nneqiUYOcal  signs.  The  hip  is  flattened ;  the  head  of  the  bone  can  be 
distinctly  felt  lying  in  its  new  situation  above  Poupart's  ligament,  to  the  outer 
side  of  the  femoral  vessels,  where  it  may  be  made  to  roll  by  rotating  the  limb. 
The  thigh  and  knee  are  slightly  flexed,  rotated  outwards,  and  abducted  ;  the 
limb,  which  is  separated  from  its  fellow,  is  shortened  to  the  extent  of  au  inch 
(Figs.  304,  305). 

The  Reduction  by  Manipulation  can  be  efiectedby  traction  and  rotation, 
or  by  rotation  alone.  The  former  is  efiected  by  drawing  the  hmb  downwards, 
and  at  the  same  time  raising  it  up  so  as  to  flex  it  gradually  on  the  abdomen 
as  the  head  of  the  femur  becomes  disentangled  from  its  position.  It  may 
then  be  rotated  inwards,  and  the  head  of  the  bone  thus  directed  towards  the 
acetabulum. 

By  rotation, — Bigelow  recommends  it  to  be  thus  accomplished  :  semi-flex 
the  thigh  so  as  to  relax  the  ilio-femoral  ligament,  and  to  bring  the  head  down 


Fig.  306.— Reduction  of  Pubic  Dislocation  by  Extension. 

from  the  pubes  ;  then  abduct  and  rotate  inwards  to  disengage  it  completely  ; 
lastly,  while  rotating  inwards  and  drawing  on  the  thigh,  carry  the  knee 
inwards  and  downwards  to  its  place  by  the  side  of  its  fellow. 

With  regard  to  the  Reduction  by  Extension,  Sir  Astley  Cooper  advises 
that  the  patient  should  lie  upon  his  back  with  his  legs  widely  separated  ;  and 
that,  counter-extension  being  then  made  by  a  girth  carried  betw  en  the 
pennfeum  and  the  injured  thigh,  and  fixed  to  a  staple  in  front  of  and  above 
the  body,  the  pulleys  should  be  fixed  upon  the  lower  part  of  the  thigh,  and  the 
'  extension  made  downwards  and  backwards.    After  this  has  been  continued 
!  for  a  sufficient  time,  an  assistant  lifts  the  head  of  the  bone  by  means  of  a 
I  towel  over  the  brim  of  the  acetabulum  (Fig.  306). 

The  head  of  the  thigh-bone  may  also  be  thrown  under  the  anterior 
iuiferior  spinous  process,  constituting  the  Subspinous  Dislocation  of 
Bigelow.    There  is  shortening  of  the  limb,  which  is  everted,  but  less  abducted 
or  advanced  than  in  the  dislocation  on  the  pubes.    The  head  of  the  bone  can 
'be  felt  in  its  new  situation.    One  peculiarity  of  this  dislocation  is  that  in 
'some  of  the  recorded  cases  the  patient  has  been  able  to  walk  immediately 
after  the  accident.    Bigelow  explains  this  by  the  position  of  the  Y-ligament 
over  the  upper  part  of  the  neck  of  the  femur  (Fig.  307).    Reduction  of  the 
dislocation  is  accomplished  in  the  same  way  as  in  the  pubic  form. 

z  z  2 
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In  the  dislocations  above  described  the  Y-ligament  remains  entire.  Bigelow 
describes  also  Supraspinous  dislocation  with  or  without  rupture  of  the 
outer  branch  of  the  ligament.  In  this  dislocation  the  head  of  the  bone  leaves 
the  socket  on  the  outer  side  of  the  ilio-femoral  ligament.  If  this  Ije  not 
ruptured,  the  dislocation  is  called  by  him  anterior  ohlique :  in  it,  the  thigh 
lies  across  the  upper  part  of  the  corresponding  limb,  and  is  firmly  locked  in 
that  position,  with  much  shortening  and  some  eversion.  Reduction  may  be 
effected  by  extension  of  the  limb  and  increased  circumduction  across  the 

symphysis,  with  a  little  eversion  if  necessary  to  dLs- 
lodge  the  head  of  the  bone.  By  inward  rotation, 
the  head  of  the  bone  is  thrown  on  the  dorsum. 

In  the  true  supras'pinouS'  disJocaiion,  the  outer 
branch  of  the  Y-ligament  is  ruptm-ed :  the  limb 
is  shortened  and  everted.  In  a  case  related  by 
Cummins,  the  limb  was  shortened  three  inches. 
Reduction  may  be  effected  by  circumduction  in- 
wards and  eversion,  by  which  the  dislocation  is 
rendered  dorsal,  and  may  be  then  reduced  as  ah-eady 
directed. 

Everted  Dorsal  Dislocation  may  occur  when, 
in  dislocation  on  the  dorsum,  the  outer  branch  of 
the  Y-hgament  is  broken  ;  the  integiity  of  this 
portion  being  necessary  for  the  inversion  of  the 
limb. 

Irregular  Dislocations  of  the  head  of  the 
thigh-bone  occur  when  the  Y-ligament  is  wholly 
ruptured.  The  displacement  may  take  place  in 
any  of  the  above-described  directions ;  but  the 
.characters  are  inconstant. 

Reduction  of  old  Dislocations  of  the  Hip- 
Joint  is  attended  not  only  with  great  difficulty,  but  with  no  small  amount  of 
danger.    The  probability  of  effecting  reduction  rapidly  decreases  with  the 
length  of  time  that  the  bone  has  been  left  unreduced,  and  more  rapidly  in 
some  dislocations  than  in  others.    Thus  it  is  easier  to  reduce  an  old  disloca- 
tion on  the  dorsum  ilii  than  one  below  the  tendon  of  the  obturator  mternus. 
Dislocation  of  the  head  of  the  thigh-bone  on  the  dorsum  of  the  ilium  may 
usually  be  reduced  without  any  great  difficulty,  up  to  the  end  of  the  first 
fortnight.     After  that  time  the  difficulty  increases  considerably;  and, 
although  reduction  has  frequently  been  effected  in  these  cases  up  to  the 
sixth  or  eighth  week,  yet  it  has  also  not  unfrequently  failed,  uotwithstand- 
ino-  repeated  attempts.    After  two  months  have  elapsed,  the  reduction  is 
no"t  only  a  work  of  great  uncertainty,  but  also  of  no  slight  danger  from 
risk  of  suppuration  in  the  soft  parts,  or  fracture  of  the  femur;  '"'^^  is 
then  seldom  practicable.    But  cases  have  been  reported,  and  are. referred 
to  at  p.  G5G,  in  which  these  dislocations  have  been  reduced  at  a  rauctt 
later  period,  even  as  late  as  six  or  nine  months.    If  the  bone  be  lett 
permanently  unreduced,  it  will  in  time  acquire  considerable  mobility,  more 
particularly  in  the  lower  dorsal  dislocation,  the  patient  walking  readily  witn 
a  shortened  but  otherwise  useful  limb.    Should  the  limb  be  useless  from 
great  adduction  and  flexion,  relief  might  be  given  by  subcutaneous  section 


Fig.  307.  — Subspiuou.s  Dislocation. 
The  y-ligainent  is  stretched 
across  the  Neck  of  the  Bone, 
which  lies  beneath  it.  (Bigelow.) 
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of  the  nock,  which  would  restore  parallelism  of  the  limbs.  In  the  case  of  a 
thjroid  dislocation  which  had  been  unreduced  for  twenty  months,  Sir  William 
MacCormac  restored  the  utility  of  the  limb  by  excising  the  head  of  the  bone. 

In  the  attempt  to  reduce  old  dislocations  of  the  hip-joint  the  soft  parts. have 
been  extensively  lacerated  in  some  cases  ;  in  others  fatal  inflammation  around 
the  joint  has  ensued  ;  and,  in  twelve  cases  with  which  I  am  acquainted,  the 
thigh-bone  was  fractured.  This  accident  has  happened  to  Surgeons  of  the 
highest  eminence.  In  most  of  these  cases  the  bone  gave  way  at  its  neck  or 
below  the  trochanters  ;  the  dislocation  was  of  course  left  unreduced,  but  the 
patients  recovered  without  dilficulty,  the  fracture  being  treated  in  the  usual 
way.  The  cause  of  the  fracture  appears  usually  to  have  been  the  employment 
of  force  in  a  transverse  or  rotatory  manner,  after  extension  had  been  kept  up 
for  some  considerable  time.  There  is  no  proof  that  undue  violence  was  used 
in  any  of  these  cases.  It  is  probable  that  in  some  the  femur  had  become 
atrophied  and  weakened  by  disuse  of  the  limb,  thus  readily  snapping. 

The  Complication  of  Fracture  of  the  Femur  with  Dislocation  of  the 
Hip-Joint  occasions  a  very  serious  state  of  things,  that  may  baffle  the  efforts 
of  the  most  skilful  Sm'geon.  The  line  of  practice  to  be  adopted  must  depend 
in  a  great  measure  on  the  seat  of  fracture.  If  this  be  below  the  middle  of 
the  thigh,  the  limb  should  be  put  up  tightly  in  splints,  and  an  attempt  made 
under  chloroform  to  reduce  the  dislocation  in  the  ordinary  way,  by  manipula- 
tion or  by  pulleys  applied  over  the  splints.  If  the  fracture  be  high  up,  near 
or  at  the  neck,  the  patient  should  be  put  under  chloroform,  and  an  attempt 
should  then  be  made  by  pressure  on  the  dislocated  head  and  manipulation  to 
replace  it.  It  is  possible  that  this  might  be  effected,  as  in  similar  injuries 
of  the  humerus,  with  comparatively  little  trouble.  Should  reduction  in  this 
way  not  be  practicable,  we  may  adopt  the  plan  successfully  employed  by 
Badley,  who,  in  a  lad  of  eighteen,  with  dislocation  on  the  dorsum  ihi  and 
fracture  of  the  displaced  bone,  allowed  union  of  the  fi-acture  to  take  place, 
and  then,  at  the  end  of  five  weeks,  effected  reduction. 

Simultaneous  Dislocation  of  both  Hips,  in  different  directions,  or  of 
one  hip  with  fi-acture  of  the  opposite  thigh-bone,  has  been  met  with  in  some 
rare  instances. 

Spontaneous  Dislocation  from  distension  of  the  joint  is  almost  exclusively 
met  with  in  the  hip.  In  most  cases  it  has  occui'red  in  children  during  an  attack 
of  acute  rheumatism  or  typhoid  fever.  The  patient  having  been  necessarily 
confined  to  bed,  and  usually  very  ill,  the  accident  has  been  fi-equently  over- 
looked until  he  tried  to  walk  some  two  or  three  weeks,  or  perhaps  longer, 
after  the  dislocation  occurred.  In  all  recorded  cases  the  head  of  the  bone 
has  been  displaced  backwards  and  upwards.  The  treatment  of  these  cases  is 
to  attempt  to  reduce  the  dislocation  by  the  ordinary  means.  If  these  fail,  a 
very  useful  hmb  will  usually  be  obtained  by  passive  motion  and  the  applica- 
tion of  a  weight  extension  apparatus  at  night.  If  this  fails,  and  the  limb 
remains  much  adducted  and  useless,  after  a  year  or  two  the  position  of  the 
limb  may  be  greatly  improved  by  excising  the  head  of  the  bone,  an  operation 
which  has  been  performed  with  excellent  results  by  Rawdon  of  Liverpool  and 
Adams  of  London.  There  seems  no  reason,  however,  to  adopt  this  somewhat 
severe  proceeding  till  it  is  quite  evident  that  a  useful  limb  cannot  be  obtained 
without  it.  In  a  case  of  this  kind  in  University  College  Hospital,  a  large  ex- 
travasation of  blood  followed  the  attempted  reduction,  which  finally  suppurated 
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The  incision  to  evacuate  the  pus  exposed  the  head  of  the  bone,  which  was  ac- 
cordingly removed,  and  the  patient,  a  girl  aged  about  twelve,  made  an  excellent 
recovery  with  a  useful  Umb,  upon  which  she  could  bear  the  whole  weight  of  her 
body. 

Congenital  Dislocation  of  the  hip  is  by  no  means  rare  :  it  occurs  most 
frequently  in  girls,  and  may  affect  either  one  hip  or  both.  The  dislocation  is 
almost  invariably  on  the  dorsum  ilii,  though  other  varieties  have  been  met 
with.  When  it  is  double,  the  deformity,  being  symmetrical,  is  seldom  recog- 
nized till  the  child  begins  to  walk.  The  signs  of  the  affection  are  in  most 
cases  clearly  marked.  The  situation  of  the  heads  of  the  bones  behind  their 
natural  position  causes  the  pelvis  Avhen  the  patient  is  erect  to  be  tilted  for- 
wards, carrying  with  it  the  last  lumbar  vertebra  ;  to  compensate  for  this  there 
is  a  curve  backwards  in  the  upper  lumbar  and  lower  dorsal  vertebrae.  Thus  the 
lumbar  spine  forms  a  very  extreme  curve,  with  its  convexity  forwards  (lordosis); 
the  trochanter  is  approximated  to  the  anterior  superior  spine  of  the  ilium, 
and  the  head  of  the  bone  may  be  seen  on  the  dorsum  ilii ;  the  thigh  seems 
shortened  and  is  more  or  less  adducted,  and  the  toes  may  be  straight  or  directed 
inwards  ;  the  patient  walks  fairly  well,  but  with  a  peculiar  rolling  motion. 
Little  can  be  done  in  the  way  of  treatment,  though  much  has  been  recom- 
mended. If  the  patient  walks  woU,  nothing  is  needed ;  but  in  some  cases  a 
properly  constructed  support  gives  relief  and  increased  steadiness.  The  best 
apparatus  is  a  firm,  well  padded,  metal  belt,  to  encircle  the  pelvis  between  the 
trochanter  and  the  crest  of  the  ilium.  On  each  side  of  this  is  fixed  a  carefully 
moulded  cap  of  thick  leather  to  fit  the  displaced  head  and  trochanter  ;  from 
the  belt  opposite  the  cap  a  steel  rod  may  reach  up  to  the  arm-pit  on  each  side, 
ending  in  a  crutch  to  take  a  part  of  the  weight  of  the  body,  and  a  properly 
fitted  pair  of  stays  attached  to  the  rod  will  also  tend  to  support  the  trunk. 
The  object  of  the  apparatus  is  to  throw  a  certain  pai't  of  the  weight  of  the 
upper  part  of  the  body  directly  on  the  displaced  heads  of  the  bones.  The  belt 
should  be  fitted  to  the  child  while  it  is  lying  down,  and  some  forcible  extension 
is  being  applied  to  the  limbs  so  as  to  increase  the  space  between  the  trochanter 
and  the  crest  of  the  ilium  as  much  as  possible,  and  if  accurately  made  it  will 
tend  to  maintain  this  in  the  erect  position. 

Dislocations  or  the  Patella,  are  not  frequently  met  with.  They  may, 
however,  occur  in  four  directions,  viz.,  outwards,  inwards,  edgewise  or  vertically, 
and  upivards. 

1.  The  dislocation  Outwards  is  the  most  common  variety  of  the  accident  ; 
the  bone  being  thrown  upon  the  outer  side  of  the  external  condyle  of  the 
femur,  with  its  axis  directed  somewhat  backwards  and  downwards,  so  that  the 
inner  margin  is  directed  forwards.  The  knee  is  flattened  in  front,  and  is 
broader  than  usual ;  the  patella  can  be  felt  in  its  new  situation,  and  the 
muscles  that  form  the  quadriceps  extensor  are  rendered  tense,  more  especially 
the  vastus  internus  ;  the  leg  is  sometimes  extended,  but  more  frequently  the 
knee  is  slightly  flexed.  This  accident  usually  happens  from  sudden  muscular 
contraction,  especially  in  persons  who  arc  knock-kneed.  In  some  cases  it  has 
been  occasioned  by  direct  violence  driving  the  bone  out  of  its  position.  Most 
frequently,  the  patella  is  only  partially  displaced  outwards,  with  some  rotation 
of  the  bone  in  the  same  direction. 

Holthousc  has  recorded  a  case  of  congenital  dislocation  of  the  patella  out- 
wards, in  a  boy  aged  seven.    The  right  patella  was  so  disjilaced  that  its  inner 
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articular  facet  rested  on  the  outer  condyle,  and  when  the  knee  was  flexed 
the  dislocation  became  complete.  There  was  no  inclination  inwards  of  either 
knee.  The  mother  alleged  that  the  condition  had  existed  from  birth,  and 
that  at  first  both  knees  were  affected.  The  boy  could  run  and  jump  as  well 
as  other  children. 

2.  The  dislocation  Inwards  is  very  rare  ;  according  to  Malgaigne  there  is 
only  one  case  of  the  kind  on  record. 

In  these  lateral  dislocations,  Reduction  may  be  effected  by  laying  the  patient 
on  his  back,  bending  the  thigh  on  the  abdomen,  and  raising  the  leg  so  as  to 
relax  the  extensor  muscles.  The  Surgeon  then,  by  pressing  down  that  edge  of 
the  pateUa  which  is  fiu-thest  from  the  middle  of  the  joint,  raises  the  other 
edge,  which,  being  tilted  over  the  condyles,  is  immediately  drawn  into  position 
by  the  action  of  the  extensors.  In  the  outward  dislocation,  secondary  to 
knock-knee,  nothing  can  be  done  to  reduce  the  displacement.  In  a  case  of 
this  kind  in  University  College  Hospital  the  knock-knee  was  cured  by 
MacEwen's  operation,  but  the  position  of  the  patella  remained  unaltered. 

3.  A  remarkable  form  of  dislocation  of  the  patella  is  that  in  which  this 
bone  becomes  twisted  upon  its  axis  in  such  a  way  that  it  is  placed  Vertically, 
one  of  its  edges  being  fixed  between  the  condyles,  and  the  other  projecting 
under  the  skin,  and  pushing  this  forwards  into  a  distinct  tumour.  Streubel, 
who  has  cohected  120  cases  of  dislocation  of  the  patella,  states  that  one-sixth 
of  these  were  vertical,  and  in  about  two-thirds  of  these  the  outer  edge  was 
forwards.  In  some  cases  the  bone  has  been  turned  almost  completely  round, 
the  posterior  articular  surface  becoming  partly  anterior.  The  signs  of  this 
dislocation  are  evident,  manual  examination  indicating  the  vertical  displace- 
ment of  the  patella,  with  a  deep  depression  on  each  side.  The  limb  is 
completely  extended,  flexion  being  impossible. 

This  dislocation  has  most  generally  arisen  from  sharp  blows  or  severe  falls 
upon  one  edge  of  the  patella,  whilst  the  limb  has  been  semiflexed,  in  conse- 
quence of  which  the  bone  appears  to  have  been  semi -rotated  and  fixed  in  its 
new  position.  Violent  muscular  contraction,  however,  conjoined  with  a  twist 
of  the  leg,  but  without  any  blow,  has  been  known  to  produce  it  in  some  cases. 

The  Reduction  of  this  displacement  has  sometimes  been  very  difficult ;  in 
other  cases  it  has  been  readily  effected ;  whilst  in  two  or  three  instances  it 
has  been  found  to  be  quite  impracticable  ;  in  spite  of  attempts,  by  means  of 
elevators  and  the  section  of  the  muscles  or  of  the  ligamentum  patellse,  to 
replace  the  bone.  The  cause  of  this  difficulty  of  reduction  is  not  very 
distinctly  made  out ;  it  is  certainly  much  greater  than  can  be  explained 
by  simple  muscular  contraction,  and  may  not  improbably  be  owing  to  the 
aponeurotic  structures  which  cover  the  bone  becoming  twisted  or  entangled 
under  it,  or,  as  Malgaigne  supposes,  to  the  superior  angle  of  the  bone  being 
wedged  in  the  subcondyloid  space,  forcible  flexion  of  the  knee  under  an 
anaesthetic  followed  by  sudden  extension,  while  the  projecting  edge  of  the 
bone  is  forced  into  its  place,  appears  to  have  answered  better  than  any  other 
method  of  treatment,  and  will  probably  seldom  fail.  If  this  do  not  succeed, 
reduction  may  perhaps  be  eflected  by  the  patient  making  a  sudden  and  violent 
muscular  eflbrt  at  extension  of  the  limb,  or  by  attempting  to  walk.  In  other 
cases  the  bone  has  been  readily  replaced  by  beuding  the  leg,  and  rotatino-  it 
on  the  axis  of  the  tibia,  at  the  same  time  that  the  patella  is  pressed  into 
position.    Should  these  plans  not  answer,  I  do  not  think  it  would  be  advisable 
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to  have  recourse  to  subcutaneous  section  of  tlie  tendon  of  the  quadriceps 
extensor  and  of  the  ligamentum  patelte.  In  no  case  in  which  division  has 
been  practised  does  it  appear  to  have  fiicilitated  reduction,  and  in  one  the 
patient  died  of  septic  inflammation  of  the  knee-joint. 

4.  Dislocation  of  the  patella  Upwards  can  occur  only  in  consequence  of 
the  rupture  of  its  ligament.  This  accident,  which  is  always  accompanied  by 
much  eflfusiou  into  the  joint,  requires  the  same  treatment  as  a  fi-actured 
patella. 

Dislocations  of  the  Knee. — This  joint,  owing  to  the  breadth  of  its 
articular  surfaces,  and  the  great  strength  of  its  Hgaments,  is  seldom  dislocated. 
Wlieu  such  an  accident  happens,  it  usually  arises  from  falls  from  a  great 
height,  or  by  the  patient  jumping  from  a  carriage  in  motion.  The  tibia  may  be 
displaced  in  four  directions  :  to  either  side,  forwards,  or  hciclcxvards.  Besides 
these  displacements,  the  joint  is  subject  to  a  partial  luxation,  dependent  upon 
displacement  of  one  or  both  semilunar  cartilages. 

1.  The  Lateral  dislocations  of  the  tibia  are  the  most  common.  They  are 
always  incomplete,  and  are  usually  accompanied  by  a  certain  degree  of  rotation  of 
the  limb  outwards.  These  displacements  may  be  either  External  or  Internal. 
In  the  first,  the  outer  condyle  of  the  femur  rests  upon  the  inuer  articular  sur- 
face of  the  tibia  ;  in  the  other,  the  inner  condyle  is  placed  upon  the  outer 
articular  surface.  In  either  case,  the  knee  is  shghtly  flexed  ;  there  is  a 
marked  sulcus  in  the  situation  of  the  ligamentum  patellfe  ;  and  the  deformity 
of  the  joint  at  once  indicates  the  nature  of  the  displacement. 

In  tlaese  cases  Eeductio?i  is  always  easy ;  indeed,  it  is  occasionally  effected 
by  the  unaided  efforts  of  the  patient  or  by  a  bystander.  It  may  be  accom- 
phshed  by  flexing  the  thigh  upon  the  abdomen,  theu  extending  the  leg,  and, 
at  the  same  time,  rotating  the  leg  at  the  knee. 

2.  The  dislocation  Backwards  may  be  complets  or  iricomplete.  When  it  is 
•complete,  the  posterior  ligament  of  the  joint  and  the  posterior  crucial  ligament 
are  torn,  the  muscles  of  the  ham  are  stretched,  the  hmb  is  shortened  to  the 
extent  of  an  inch  and  a  half  or  two  inches,  and  is  semiflexed  ;  the  head  of  the 
•tibia  can  be  felt  in  the  ham,  and  there  is  a  deep  transverse  dei^ression  in  front 
of  the  joint  immediately  below  the  patella. 

3.  The  dislocation  of  the  tibia  Forwards  is  of  more  frequent  occurrence 
than  the  last.  In  it,  the  lower  end  of  the  femur  projects  into  the  ham,  com- 
pressing the  vessels  occasionally  to  such  an  extent  as  to  arrest  the  cii'culation 
through  the  leg,  lacerating  the  hgaments,  and  stretching  the  muscles  in 
this  situation.  The  tibia  projects  forwards,  its  head  forming  a  considerable 
prominence  on  the  anterior  part  of  the  knee,  with  a  deep  depression  imme- 
diately above  the  patella,  which  is  rendered  more  evident  by  the  relaxation  of 
the  extensors  of  the  thigh  ;  the  leg  is  usually  rotated  somewhat  inwards  or 
outwards,  and  there  is  shortening  to  the  extent  of  about  two  inches. 

These  antero-posterior  dislocations  are  very  commonly  incomplete.  When 
this  is  the  case,  they  present  the  same  symptoms,  but  in  a  less  marked  degree, 
as  those  which  characterize  the  complete  displacements. 

In  the  Treatment  of  these  dislocations,  exteusiou  should  be  made  from  the 
ankle  whilst  the  thigh  is  fixed  in  a  semiflexed  position.  When  the  leg  has 
been  drawn  down  sufficiently,  proper  manipulation  will  bring  the  bones  into 
position  ;  splints  must  then  be  applied  and  the  joint  kept  at  rest  for  two  or 
three  weeks,  at  the  end  of  which  time  passive  motion  may  be  commenced. 
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Complications. — Dislocations  of  the  knee-joint  are  more  liable  to  serious 
complications  than  those  of  any  other  articulation.  Not  only  are  the  ligaments 
torn,  and  the  muscles  injured,  but  stretching,  and  perhaps  laceration,  of  the 
popliteal  vessels,  followed  by  gangrene  of  the  limb,  may  occur  ;  or  the  injury 
may  be  followed  by  destructive  inflammation  of  the  joint. 

Compound  Dislocation  of  the  Knee-joint  is  one  of  the  most  serious 
injuries  to  which  the  limbs  are  liable  ;  the  external  wound  being  usually  large, 
ragged,  and  accompanied  by  the  protrusion  of  the  condyles  of  the  femur,  with 
much  laceration  of  the  soft  structures  in  the  vicinity  of  the  joint.  These 
injuries,  as  a  general  rule,  call  imperatively  for  amputation  ;  but  cases  have 
occurred  in  which  the  hmb  has  been  saved.  Hence,  if  the  patient  be  young, 
if  the  vessels  of '  the  ham  do  not  appear  to  have  been  seriously  injured,  and  if 
the  wound  in  the  soft  parts  at  the  same  time  be  not  very  extensive,  nor  much 
bruised,  an  attempt  may  be  made  to  save  the  limb.  In  a  case  of  this  kind  in 
a  boy,  A.  White  sawed  oW  the  end  of  the  femur  which  protruded  through  the 
ham,  and  succeeded  in  saving  the  limb. 

Congenital  Dislocations  of  the  Knee  have  been  occasionally  met  with, 
with  displacement  of  the  tibia  forwards.  Cases  of  this  kind  have  been  recorded 
by  Hilton,  Guerin,  Barweil,  and  Godlee.  In  some  it  was  comphcated  by 
absence  of  the  patella.  In  Barwell's  case  flexion  was  extremely  limited,  but 
by  pushing  the  tibia  backwards  it  could  be  carried  to  a  considerable  angle, 
and  by  fixing  it  in  this  position  with  a  plaster-of-Paris  bandage,  the  disloca- 
tion was  completely  cured  at  the  end  of  six  weeks. 

Subluxation  of  the  Knee,  Displacenient  of  a  Semilunar  Cartilage, 
or  as  it  was  termed  by  Hey  "  internal  derangement  of  the  knee-joint,"  is  a 
common  and  very  troublesome  accident.  It  usually  occurs  whilst  the  knee 
is  slightly  flexed  and  the  leg  rotated  inwards  or  outwards.  Thus  it  may 
happen  in  rising  from  a  kneeling  position  or  in  kicking  a  football  (the  limb 
affected  being  that  upon  which  the  patient  is  standing),  or  by  striking  the 
toe  against  a  stone  in  walking.  The  patient  is  seized  suddenly  with  acute 
and  sickening  pain  in  the  knee,  often  so  severe  as  to  cause  nausea  or  faintness. 
He  may  fall,  but  is  conscious  of  having  injured  the  knee  before  falling.  On 
examination  the  limb  wiU  be  found  semiflexed  and  incapable  of  complete 
extension,  any  attempt  to  straighten  it  fuhy  being  attended  by  severe  pain.  In 
many  cases  a  distinct  fulness  can  be  recognized  on  one  side  of  the  ligamentum 
patellae  in  the  hollow  between  the  tibia  and  the  femur,  and  there  is  tenderness 
at  the  same  spot.  In  the  course  of  a  short  time  in  most  cases  the  joint 
becomes  distended  by  inflammatory  effusion. 

.  This  accident  has  been  the  subject  of  much  investigation  from  the  time  it 
was  first  described  by  Hey.  It  has  long  been  recognized  that  it  is  due  to  a 
displacement  of  one  of  the  semilunar  cartilages.  This,  as  pointed  out  by 
.  Scott  Lang  in  an  able  thesis  on  this  injury,  may  be  complete  or  incomplete. 
The  accident  is  far  more  common  on  the  inner  side  of  the  joint,  and  the 
anatomical  relations  of  the  cartilage  on  that  side,  its  firm  attachments,  the 
wide  separation  of  its  extremities,  and  its  considerable  size  make  it  highly 
improbable  that  it  is  ever  completely  displaced  either  forwards  or  backwards. 
There  is  no  record  of  any  dissected  specimen  to  show  such  a  condition.  It 
seems  more  probable  that  it  is  only  partially  displaced  and  loosened  from  its 
attachments  anteriorly.  This  was  the  condition  found  by  Annandale,  when 
he  opened  a  joint  in  an  operation  to  fix  the  displaced  cartilage.  The 
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external  cartilage  is  more  loosely  attached,  smaller  in  size,  and  forms  a  more 
complete  segment  of  a  circle,  and  is  therefore  capable  of  complete  displace- 
ment. In  a  case  of  this  kind  found  in  the  dissecting-room  and  recorded  by 
E..  J.  Godlee,  the  cartilage  was  completely  torn  away  from  its  attachment  to 
the  capsule  of  the  joint,  and  occupied  a  vertical  position  in  the  intercondyloid 
fossa.  Such  a  conditio  a  as  this  is  probably  extremely  rare,  and  never  happens 
to  the  internal  cartilage.  From  anatomical  considerations  Scott  Lang  is  of 
opinion  that  the  internal  cartilage  is  displaced  during  flexion  with  rotation 
outwards,  and  the  outer  by  flexion  with  rotation  inwards.  As  the  former  is 
infinitely  the  more  common  movement,  this  would  explain,  the  comparative 
rarity  of  displacement  of  the  outer  cartilage. 

Reduction. — This  can  usually  be  effected  by  flexing  the  joint  at  the  same 
time  that  a  strain  is  put  upon  the  knee  in  such  a  direction  as  would  tend  to 
separate  the  condyle  of  the  femur  from  the  tibia  on  the  affected  side.  A 
movement  of  rotation  should  then  be  given,  outwards  if  the  external  cartilage 
is  displaced,  and  inwards  if  the  inner,  and  at  the  same  time  the  limb  may  be 
suddenly  straightened.  This  may  sometimes  be  done  when  the  muscles  are 
off  their  guard,  the  patient's  attention  being  directed  elsewhere,  but  more 
commonly  an  anaesthetic  is  required.  The  evidence  of  complete  redaction 
consists  in  the  restoration  of  the  power  of  extending  the  articulation.  The 
synovitis  that  usually  follows  this  injury  requires  to  be  treated  by  local  anti- 
phlogistic remedies  and  rest.  The  cartilage  is  not  fixed  again  as  firmly  as  it 
was  before  the  accident,  and  in  the  great  majority  of  cases  recm-rence  of  the 
displacement  takes  place  at  intervals.  The  best  means  of  preventing  this  is  to 
support  the  knee  either  with  an  elastic  knee-cap  or  a  flannel  bandage  firmly 
applied.  Should  reduction  prove  impossible,  or  should  the  displacement  return 
immediately  when  the  patient  uses  his  limb  again,  it  is  useless  to  try  to  fix 
the  cartilage  by  prolonged  rest.  The  patient  should  begin  to  use  his  leg 
freely  as  soon  as  the  synovitis  has  subsided,  and  after  a  time  the  displaced 
cartilage  seems  to  accommodate  itself  to  its  new  position,  and  rarely  gives  any 
further  trouble.  In  a  case  under  the  care  of  Annandale  the  constant  recur- 
rence of  the  displacement  rendered  the  limb  useless,  and  he  successfully  opened 
the  joint  and  fixed  the  cartilage  by  catgut  sutm-es. 

Knpture  of  the  Posterior  Crucial  Ligament  is  an  accident  that  occa- 
sionally occurs  as  the  result  of  a  violent  blow  on  the  anterior  aspect  of  the 
head  of  the  tibia,  such  as  may  be  received  in  a  railway-accident  when  the 
patient  is  thrown  forwards  against  the  opposite  seat.  The  symptoms  are  at 
first  effusion  of  blood  and  synovia  into  the  injured  joint.  When  this  is 
absorbed,  it  will  be  found  that  the  knee  is  weak,  giving  way  slightly  when 
flexed  in  walking.  When  the  patient  is  seated  with  the  knee  flexed  to  a  right 
angle,  and  the  foot  firmly  planted  on  the  ground,  if  the  tibia  be  grasped  at  its 
upper  end  and  moved  backwards  and  forwards,  it  will  be  found  to  be  capable 
of  a  slight  displacement  backwards  into  the  ham.  The  Trealmeni  consists  in 
supporting  the  knee  with  a  properly  fitted  apparatus. 

The  Head  of  the  Fihula  has  occasionally,  though  very  rarely,  been 
displaced  by  direct  violence.  Boyer  and  Sanson  have  each  recorded  a  case  of 
this  kind.  One  such  case  has  occuiTed  in  my  own  practice.  It  happened  in 
a  gentleman  about  23  years  of  age,  who,  in  descending  an  Alpine  slope 
covered  with  snow,  fell  with  one  leg  bent  forcibly  under  him,  so  that  he 
came  down,  as  it  were,  in  a  sitting  posture.    The  head  of  the  fibula  was 
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thrown  back  off  the  articulating  surface,  and  remained  permanently  in  its 
new  situation.  The  limb  was  somewhat  weakened,  so  that  the  patient  could 
not  jump,  but  otherwise  he  suffered  no  inconvenience.  The  tendon  of  the 
biceps  was  very  tense  ;  and  when  I  saw  the  case,  some  time  after  the  accident, 
its  traction  effectually  prevented  all  attempts  at  reduction. 

Dislocations  op  the  Ankle  occur  in  consequence  of  displacement  of  the 
astragalus  from  the  bones  of  the  leg,  whilst  it  continues  to  preserve  its  normal 
connection  with  the  rest  of  the  foot.  These  dislocations  are  almost  invariably 
connected  with  fracture  of  the  lower  end  of  the  fibula,  or  of  the  inner  mal- 
leolus. In  fact,  on  looking  at  the  arched  cavity  into  which  the  astragalus  is 
received,  it  is  evident  that  this  bone  can  scarcely  be  displaced  laterally  without 
fracture  of  one  side  of  this  arch.  In  considering  these  dislocations  we  must, 
in  accordance  with  the  general  nomenclature  of  similar  accidents,  in  which  the 
distal  part  is  ahvays  said  to  be  displaced  from  the  proximal,  look  upon  the  foot 
as  being  dislocated  from  the  leg,  and  not  consider  the  tibia  as  being  displaced 
upon  the  foot.  It  is  necessary  to  explain  this,  inasmuch  as  a  good  deal  of 
ambiguity  occurs  in  surgical  writings  from  the  same  accident  being  described 
differently,  according  to  the  view  taken  of  the  part  displaced.  Thus,  Sir  A. 
Cooper  speaks  of  the  tibia  as  being  dislocated  at  the  ankle  ;  whilst  Boyer  and 
others,  regarding  the  foot  as  the  part  displaced,  have  described  the  same 
injury  in  directly  opposite  terms. 

Dislocations  of  the  foot  from  the  bones  of  the  leg  may  take  place  in  four 
directions,  viz.,  to  either  side,  bachwards,  ox  forwards.  In  all  cases,  the  injury 
appears  to  be  occasioned  either  by  the  foot  being  twisted  under  the  patient  in 
jumping  or  running  ;  or  else  by  its  being  suddenly  arrested  by  coming  into 
contact  with  the  ground  whilst  the  body  is  carried  forwards.  The  lateral  dis- 
locations when  simple  are  almost  invariably  incomplete,  although  rare  cases 
have  been  recorded  in  which  they  were  complete.  Compound  lateral  disloca- 
tions, the  result  of  extreme  violence,  are  not  uncommonly  complete.  The 
simple  antero-posterior  dislocations  are  more  commonly  complete. 

The  incomplete  dislocation  Outwards  is  of  most  frequent  occurrence. 
The  inner  malleolus  projects  forcibly  against  the  skin.  The  deltoid  ligament 
is  either  ruptured,  or  the  lower  end  of  the  inner  malleolus  broken  off ;  there 
is  a  depression  above  the  outer  ankle  corresponding  to  a  fi-acture  of  the 
fibula  ;  and  the  sole  of  the  foot  is  turned  upwards  and  outwards,  the  inner 
side  touching  the  ground,  whilst  the  outer  edge  is  turned  up.  It  is,  in  fact, 
merely  a  severe  case  of  Pott's  fracture  (Fig.  254). 

In  the  dislocation  Inwards,  which  is  a  rare  accident,  the  fibula  is  not 
fractured,  but  the  lower  end  of  the  tibia  is  splintered  off,  in  an  oblique 
manner  from  within  outwards.  The  outer  edge  of  the  sole  rests  against  the 
ground,  and  the  inner  side  is  turned  up.  The  astragalus  is  thus  rotated  on  its 
longitudinal  axis  in  such  a  way  that  the  inner  articular  surface  is  in  contact 
with  the  lower  end  of  the  tibia. 

The  Reduction  of  these  lateral  displacements  is  readily  effected  by  traction 
on  the  foot,  while  the  leg  is  flexed  at  the  knee  in  order  to  relax  the  muscles 
of  the  calf;  leg-splints  with  lateral  foot-pieces  must  then  be  put  on,  or 
Dupuytrcn's  splint  may  be  apphed  on  the  side  opposite  to  that  to  which  the 
foot  is  displaced. 

In  the  dislocation  of  the  foot  Backwards,  the  deltoid  ligament  is  ruptured, 
the  fibula  probably  broken  in  the  usual  situation,  and  the  tibia  rests  on  the 
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scaphoid  and  cuneiform  bones  ;  the  foot  consequently  appears  shortened,  the 
heel  rendered  more  projecting,  and  the  toes  pointing  downwards. 

Partial  dislocation  in  this  direction  may  occur  Avithout  fracture,  as  the 
following  case  will  show.  A  boy,  aged  about  14,  wrestling  with  another  felt 
liis  left  foot  give  way  and  fell.  He  was  unable  to  stand,  and  was  at  once 
brought  to  University  College  Hospital.  Two  hours  afterwards  there  was  no 
swelling  about  the  ankle.  The  sole  looked  directly  downwards,  but  the  foot 
was  twisted  outwards  on  the  vertical  axis  of  the  astragalus  for  about  lo'. 
The  lower  end  of  the  tibia  formed  a  distinct  projection,  most  marked  on  the 
outer  side.  Beneath  this  was  a  corresponding  hollow.  The  heel  was  thrown 
slightly  backwards.  Measured  with  a  pair  of  calipers  the  distance  from  the 
tendo  Achillis  to  the  instep  was  increased  by  half  an  inch.  The  great  toe  was 
over-extended  by  the  stretching  of  the  extensor  tendon  and  could  not  be 
flexed.  The  movements  of  the  ankle  were  very  limited.  There  was  no 
fracture  of  either  bone.    Reduction  was  easily  effected  under  chloroform. 

The  dislocation  Forwards,  in  which  the  foot  is  lengthened,  and  the  tibia 
rests  upon  the  upper  and  posterior  surface  of  the  os  calcis,  behind  the 
astragalus,  is  an  accident  of  extreme  rarity. 

In  the  Treatment  of  these  antero-posterior  displacements  of  the  ankle,  trac- 
tion of  the  foot  in  a  proper  direction,  the  leg  being  fixed  and  flexed  upon  the 
thigh,  w;ill  readily  be  attended  by  replacement.  Sometimes  subcutaneous 
division  of  the  tendo  Achillis  is  necessary.  The  limb  should  afterwards  be 
put  up  in  a  plaster-of-Paris  or  starched  bandage  for  at  least  three  weeks. 

Compound  Dislocations  of  the  Ankle-joint  are  serious  and  by  no 
means  unfrequent  accidents,  the  displacement  occurring  in  the  same  direction 
and  from  the  same  causes  as  the  simple  forms  of  the  injury. 

In  the  Treatment  of  compound  dislocations  of  the  ankle  an  attempt  should 
be  made  to  save  the  limb  in  all  cases  in  which  the  main  vessels  are  sound,  the 
soft  parts  not  too  extensively  torn  or  the  bones  too  widely  splintered.  Some 
efficient  antiseptic  method  must  be  adopted  and  a  successful  result  will 
usually  be  obtained.  The  limb  should  be  firmly  fixed  to  a  single  splint 
applied  to  the  side  opposite  to  the  wound.  If  the  bones  are  projecting  and 
comminuted  it  may  be  necessary  to  remove  the  splinters,  and  possibly  to  saw 
off  the  malleoli  in  order  to  obtain  a  flat  surface  to  rest  on  the  astragalus,  as 
was  originally  recommended  by  Hey.  If  antiseptic  treatment  is  not  available 
an  attempt  may  still  be  made  to  save  the  limb  if  the  wound  be  small  and  the 
soft  parts  but  little  injured.  Sir  Astley  Cooper,  who  was  a  strong  advocate 
of  conservative  treatment  in  these  cases,  advised  that  the  wound  should  be 
closed  by  means  of  a  piece  of  lint  soaked  in  the  blood  flowing  from  the 
wound.  Should  septic  suppuration  occur  the.  pus  usually  burrows  widely 
beneath  the  muscles  of  the  calf  and  secondary  amputation  may  be  necessary. 

Dislocations  of  the  Astragalus. — The  astragalus  is  occasionally  displaced 
from  its  connection  with  the  bones  of  the  leg  above,  and  with  those  of  the 
tarsus  below,  being  thrown  either  forwards  or  backwards.  The  displacement 
forwards  happens  far  more  frequently  than  that  in  the  opposite  direction.  In 
the  dislocation  Forwards,  the  head  of  the  bone  may  be  thrown  either  outwards 
or  inwards ;  but  I  do  not  think  there  is  any  evidence  to  show  that  complete 
lateral  dislocation  of  this  bone  can  occur  iiTcspective  of  displacement  forwards ; 
the  so-called  lateral  dislocations  being  displacements  of  the  bone  forwards,  with 
twists  to  one  or  the  other  side.  The  dislocation  forwards,  with  lateral  incliua- 
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tion,  may  be  either  complete  or  mcomplete.  When  it  is  complete,  the  bone  is 
thrown  out  of  its  bed  on  the  ca]canenm,and  separated  from  its  connections  with 
the  malleolar  arch  above  and  the  scaphoid  anteriorly,  being  forced  in  front  of  the 
tarsus,  and  lying  upon  the  scaphoid  and  cuneiform  bones.  When  the  disloca- 
tion is  incomplete,  the  head  is  separated  from  the  scaphoid,  and  is  thrown  up 
on  it,  or  on  the  external  cuneiform  or  cuboid  bones,  the  body  of  the  astragalus 
maintaining  its  connections  with  the  malleolar  arch  and  os  calcis.  The  dislo- 
cation Backwards  is,  I  believe,  always  complete.  In  the  luxation  backwards 
there  is  no  rotation  of  the  bone,  which  is  thrown  directly  behind  the  tibia,  in 
the  space  between  it  and  the  tendo  Achillis. 

These  dislocations  invariably  happen  fi'om  falls  upon  or  twists  of  the  foot  ; 
more  particularly  when  it  is  extended  upon  the  leg.  When  the  foot  is  in  this 
position;  the  lower  end  of  the  tibia  either  breaks  off  on  the  application  of  suffi- 
cient violence,  or  the  head  of  the  astragalus  is  forced  out  of  the  cavity  of  the 
scaphoid  and  its  bed  on  the  os  calcis  ;  the  particular  kind  of  displacement  that 
occurs  depending  upon  the  direction  in  which  the  force  is  acting  and  in  which 
the  foot  is  twisted.  Dislocation  of  the  astragalus  differs  from  dislocation 
of  the  foot  in  this,  that  when  the  foot  is  dislocated,  the  astragalus,  though 
thrown  out  from  under  the  malleolar  arch,  preserves  its  connections  with  the 
rest  of  the  tarsus  ;  whilst  these  are  always  broken  through  when  the  astraga- 
lus is  the  bone  dislocated,  even  though  it  have  not  completely  escaped  fi-om 
between  the  malleoli. 

The  dislocation  of  the  astragalus /onrar^^s,  with  twist  of  the  bone  inwards, 
is  said  to  be  of  most  common  occurrence  :  I  have,  however,  more  frequently 
witnessed  that  form  of  accident  in  which  the  bone  is  thrown  somewhat  outwards 
as  well  as  forwards.  In  either  case  the  displaced  bone  forms  a  distinct  tumour 
upon  the  instep,  in  the  outline  of  which  the  form  of  the  astragalus  can  be  dis- 
tinctly made  out.  Over  this,  the  skin  is  so  tightly  drawn  as  often  to  appear  to 
be  on  the  point  of  bursting.  When  the  bone  is  thrown  somewhat  inwards,  the 
foot  is  turned  outwards,  and  the  internal  malleolus  projects  distinctly.  When 
the  astragalus  is  thrown  outwards,  displacement  of  the  foot  inwards,  with  great 
projection  of  the  lower  end  of  the  fibula,  takes  place.  In  some  cases,  fracture 
of  the  neck  of  the  astragalus  is  conjoined  with  these  dislocations  ;  and  not 
uncommonly  the  luxation  is  compound  from  the  first,  or  speedily  becomes  so 
if  left  unreduced,  in  consequence  of  the  sloughing  of  the  skin  which  covers  the 
anterior  surface  of  the  bone,  the  exposed  portion  of  which  undergoes  necrosis. 

The  dislocation  Jjachwards,  into  the  hollow  under  the  tendo  Achillis,  is  rare, 
there  being  but  seven  recorded  instances  of  this  accident.  In  the  majority  of 
these  there  was  displacement  of  the  bone  inwards,  as  well  as  backwards.  In 
these  cases  the  diagnosis  is  easy,  as  the  bone  forms  a  distinct  prominence, 
which  can  be  felt  under  the  tendo  Achillis. 

In  many  cases  the  dislocation  of  the  astragalus  is  incomplete,  a  portion  of 
the  bone  still  intervening  between  the  under  surface  of  the  tibia  and  the  upper 
surface  of  the  os  calcis. 

Treatment. — The  reduction  of  the  dislocation /wzmrrfe,  whether  attended  by 
lateral  displacement  or  not,  varies  greatly  in  facility  ;  in  some  instances  being 
effected  with  the  greatest  possible  ease,  in  others  being  attended  by  almost 
insurmountable  difficulties.  This  difference  depends,  I  think,  on  whether  the 
dislocation  is  complete  or  not.  When  the  astragalus  is  not  completely  thrown 
from  under  the  arch  formed  by  the  bones  of  the  leg,  a  portion  of  it  being  still 
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entangled  between  their  articular  surfaces  and  that  of  the  calcaneum,  it  may 
usually  be  readily  reduced  by  relaxing  the  muscles  of  the  calf,  and  pushing  the 
bone  back  into  its  proper  position.  But  when  the  astragalus  is  completely 
dislocated,  the  upper  surface  of  the  calcaneum  is  drawn  up  under  the  arch  of 
the  malleoli  by  all  the  strength  of  the  muscles  that  pass  from  the  leg  to  in- 
serted into  the  foot.  In  these  circumstances,  in  order  that  reduction  may  take 
place,  it  is  necessary  first  of  all  to  separate  the  articular  surfaces  to  such  an 
extent  as  to  admit  of  the  astragalus  being  pushed  back  into  its  socket :  this  is 
almost  impossible,  owing  to  the  great  perpendicular  thickness  of  this  bone,  to 
the  extent  to  which  it  is  consequently  necessary  to  draw  do^Yn  the  foot,  and  to 
the  little  purchase  that  can  be  obtained  on  it.  In  such  cases,  reduction  has 
been  greatly  facihtated  by  the  division  of  the  tendo  Achillis,  by  which  simple 
operation  the  whole  strain  of  the  muscles  of  the  calf  is  taken  ofi". 

If  reduction  be^  still  impracticable,  and  the  bone  continue  irreducible  on 
the  dorsum  of  the  foot,  what  should  be  done  ?  Two  courses  present  them- 
selves to  the  Surgeon  :  either  at.  once  to  cut  down  upon  the  astragalus  and  to 
remove  it ;  or  to  put  the  limb  at  rest  on  a  splint,  and  to  wait  the  result.  In 


Fig.  308. —Dissection  of  Foot  in  Compound  Dislocation  of  Astragalus  outwards. 

some  rare  cases,  the  displaced  astragalus  has  given  rise  to  comparatively  little 
inconvenience ;  but  this  can  seldom  be  expected.  If  the  dislocation  have  been 
in  the  direction  forwards,  the  skin  will  usually  slough  and  the  displaced  bone 
then  will  necrose  and  must  be  removed.  In  former  times  it  was  considered 
safer  to  leave  the  bone  as  long  as  possible  before  removal  in  the  hopes  that 
the  space  between  the  tibia  and  os  calcis  might  have  closed  behind  the  dis- 
placed astragalus  before  it  had  to  be  taken  away  and  that  the  operation  would 
thus  be  reduced  to  a  simple  superficial  incision.  In  the  present  day,  with 
efficient  antiseptic  treatment,  there  is  no  fear  of  any  trouble  following 
immediate  removal.  If,. therefore,  the  means  for  carrying  out  the  treatment 
are  at  hand,  the  bone  should  be  at  once  dissected  out  and  the  case  treated 
like  one  of  excision  of  the  astragalus  for  disease. 

In  luxation  hachirards,  the  bone  has  not  hitherto  to  my  knowledge  been 
reduced,  except  in  one  case  which  occurred  in  University  College  Hospital, 
in  which  the  tibia  and  fibula  were  also  fractured.  It  is  by  no  means 
improbable  that  subcutaneous  division  of  the  tendo  Achillis  may  in  future 
enable  the  Surgeon  to  effect  reduction.  The  result  is,  however,  satisfactory, 
even  though  the  l  one  be  not  reduced,  the  patient  recovering  with  a  useful 
foot.    If  the  dislocation  be  left  unreduced,  the  soft  parts  covering  the  bone 
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may  slough,  as  happened  in  a  case  recorded  by  R.  C.  Williams  of  Dublin,  in 
which  the  boue  was  consequently  extracted. 

In  Compound  Dislocation  of  the  Astragalus  (Fig.  308),  the  rule  of 
practice  must  depend  upon  the  extent  of  injury.  If  the  integuments  have 
merely  been  rent  in  consequence  of  the  outward  pressure  of  the  displaced  bone 
an  attempt  must  be  made  to  reduce  the  dislocation  by  the  aid,  if  necessary,  of 
the  division  of  the  tendo  AchiUis  ;  and,  if  this  be  effected,  to  close  the  wound 
by  the  first  intention.  If  the  bone  be  comminuted  as  well  as  dislocated,  the 
proper  practice  will  be  to  remove  the  loosened  fragments,  and  to  dress  the 
wound  antiseptically,  allowing  it  to  heal  by  granulation.  If  the  bone  be 
irreducible,  it  should  at  once  be  dissected  out.  If  together  with  the  dislo- 
cation of  the  astragalus,  the  foot  be  extensively  crushed,  amputation  may  be 
required  either  at  the  ankle-joint  or  at  some  convenient  part  of  the  leg. 

Dislocations  op  the  other  Tarsal  Bones  are  of  extremely  rare  occur- 
rence.   Most  of  these  bones,  however,  have  been  found  luxated  at  times. 

The  Calcaneum  and  Scaphoid,  carrying  Avith  them  the  rest  of  the  foot,  are 
sometimes  dislocated  from  the  astragalus,  which  is  left  in  situ  under  the  mal- 
leolar arch  In  these  dislocations  the  bones  may  be  displaced  m  either  lateral 
direction— outwards  or  inwards.  The  Treatment  consists  in  flexion  of  the 
leo-  and  attempts  at  reduction  by  extension  of  the  foot  in  the  ordinary  way. 
Immoderate  extension  fail  in  effecting  reduction,  division  of  the  tendo  Achillis 
has  been  recommended,  and,  if  necessary,  of  the  posterior  tibial  tendon,  on 
the  same  principle  as  in  dislocation  of  the  astragalus. 

The  Calcaneum  has  been  dislocated  laterally  from  its  connection  with  the 
cuboid  in  consequence  of  faUs  from  a  height,  the  sufferer  ahghting  upon  his 
heel.  Chelius  mentions  a  case  in  which  this  bone  was  dislocated  by  the  effort 
of  drawing  off  a  tight  boot.  Reduction  seems  to  be  readily  effected  by  relaxing 
the  muscles,  and  pressing  the  bone  back  into  its  proper  position. 

The  Scaphoid  and  Cuboid  Bones  have  been  dislocated  upwards,  in  con- 
sequence of  a  person  jumping  from  a  height  and  alighting  upon  the  ball  of  the 
foot.  In  these  instances  the  limb  is  shortened  and  curiously  distorted,  the 
toes" pointing  downwards,  and  the  arch  of  the  instep  being  increased  so  as  to 
resemble  closely  enough  the  deformity  of  club-foot.  Reduction  may  be  effected 
by  drawing  and  pressing  the  parts  into  position. 

The  Internal  Cuneiform  Bone  has  occasionally  been  found  to  be  dislo- 
cated. Sir  A.  Cooper  mentions  an  instance  of  the  kind.  If  reduction  be  not 
effected  by  pressing  the  bone  into  its  position,  no  great  evil  appears  to  result 
to  the  patient,  the  motions  of  the  limb  not  being  seriously  interfered  with. 

Sometimes  the  tarsal  joints  are  extensively  torn  open  without  any  one  bone 
being  distinctly  dislocated.  I  have  seen  this  happen  to  a  young  man  who 
caught  his  foot  between  the  spokes  of  a  revolving  wheel;  the  foot  was 
violently  bent  and  twisted,  and  all  the  tarsal  joints  more  or  less  torn  open, 
so  as  to  necessitate  amputation. 

Dislocation  of  the  Metatarsal  Bones,  though  excessively  rare,  from 
the  manner  in  which  they  are  locked  into  the  tarsus,  and  retained  by  short 
and  strong  hgaments,  yet  occasionally  occurs.  Instances  are  recorded  by 
Dupuytrcn  and  Smith  ;  Liston  mentions  a  case  of  luxation  of  the  metatarsal 
bone  of  the  great  toe  from  direct  violence  ;  and  Tuflhell  records  a  case  of 
luxation  downwards  and  backwards  of  the  inner  three  metatarsal  bones,  in  a 
man  whose  horse  fell  and  rolled  over  him.    Two  cases  have  occurred  in  my 
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practice,  in  one  of  which,  by  the  pressure  of  a  "  turn-table  "  on  a  railway, 
the  outer  three  metatarsal  bones  were  dislocated  downwards.  In  the  other,  in 
consequence  of  a  horse  falling  and  rolling  on  its  rider,  there  were  a  compound 
dislocation  of  the  first  and  a  simple  dislocation  of  the  fourth  metatarsal  bone. 
The  question  of  amputation  will  always  present  itself  in  these  cases,  and  must 
be  determined  on  general  principles,  by  the  age  of  the  patient,  and  the  extent 
of  injury  to  the  soft  parts. 

Luxations  of  the  Phalanges  of  the  Toes  but  rarely  happen,  and  present 
nothing  special  in  nature  or  treatment. 


CONTUSIONS  OF  SCALP. 


INJUKIES  OF  KEaiONS. 


CHAPTER  XXIV. 


INJURIES  OF  THE  HEAD. 

Injuries  of  the  Head  are  among:  the  most  important  subjects  tliat  can 
eug-age  the  Surgeon's  attention.  Tlieir  importance  is  derived  not  so  much 
from  the  injmy  of  the  scalp  and  skull,  as  from  the  implication  of  the  brain  in 
many  cases  directly,  and  in  others  indirectly  and  remotely,  and  in  consequence 
of  this,  it  is  of  the  first  moment  in  practice  to  study  these  injuries  as  a  whole, 
with  special  regard  to  the  affections  of  the  encephalon  that  are  produced  by 
them,  and  from  which  they  derive  the  greater  part  of  their  interest. 

INJURIES    OF    THE  SCALP. 

CoNTUSiOxXS  OH'  I'HE  ScALP  from  blows  are  of  common  occurrence,  and 
present  some  peculiarities.  However  severe  the  contusion  may  be,  the  scalp 
seldom  sloughs.  This  is  owing  to  the  great  vascularity  and  consequent  active 
vitality  of  the  integuments  of  the  head.  In  many  cases,  a  contusion  in  this 
situation  is  followed  by  considerable  extravasation  of  blood,  raising  up  the 
scalp  into  a  soft  semi-fluctuating  tumour.  It  occasionally  happens,  especially 
in  blows  on  the  heads  of  children,  that  this  extravasation  gives  rise  to  the 
supposition  that  fracture  exists,  owing  to  the  edge  of  the  contusion  feeling 
hard,  whilst  the  centre  is  soft,  causing  an  apparent  depression  of  the  subjacent 
bone.  In  some  cases,  indeed,  this  deceptive  feeling  will  occur  without  any 
considerable  extravasation  of  blood,  the  depressed  centre  being  due  to  the 
compression  of  the  scalp  by  the  blow  that  has  been  inflicted  upon  it.  This  I 
have  seen  occasionally  in  children,  in  whom  the  scalp  is  soft  and  somewhat 
spongy.  The  difficulty  of  distinguishing  between  such  an  extravasation  and  a 
piece  of  depressed  bone,  is  often  so  great  as  to  mislead  the  most  experienced 
Surgeons,  Usually  it  can  bo  effected  by  feehug  the  smooth  bone  at  the 
bottom  of  the  soft  central  depression.  If  seen  soon  after  the  accident  the 
raised  edge  can  usually  be  made  to  melt  away  under  the  finger  by  firm 
pressure,  till  the  solid  bone  can  be  clearly  felt  beneath,  at  the  same  level  as 
that  in  the  centre  of  the  swelling.  But  in  the  event  of  doubt,  if  svmptoms  of 
compression  of  the  brain  arc  present,  it  will  be  safer  to  make  au  incision  and 
examine  directly  the  state  of  the  lione  itself. 

The  Treatment  of  contusion  of  the  scalp  is  very  simple  ;  the  continuous 
application  of  evaporating  lotions  being  usually  sufficient  for  the  removal  of 
all  effusion.    As  a  rule  no  attempt  should  be  made  to  remove  the  blood  bv 
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puncturing  the  swelling,  but  if  the  amount  is  considerable,  and  more  especially 
if  it  coagulates  at  the  circumference,  leaving  a  collection  of  fluid  in  the  centre, 
this  may  be  removed  by  means  of  the  aspirator.  Contusions  of  the  scalp  in 
young  women  have  been  followed  by  severe  neuralgic  pains  in  the  part  struck 
which  are  extremely  rebellious  to  treatment ;  but  in  two  cases  which  I  have 
seen,  after  lasting  for  a  long  time,  they  gradually  disappeared.  In  such  cases, 
incisions  down  to  the  bone  are  said  to  have  been  beneficial. 

GEPHALHyEMATOMA. — It  Occasionally  happens  tliat  bloody  tumours  of  t)i<- 
scalp  form  in  newdy-born  children,  either  ftom  contusion  of  the  head  in  con- 
sequence of  the  jDressure  to  which  it  is  subjected  in  its  passage  :  or  from 
bruising  by  obstetric  instruments.  These  tumours,  which  are  often  large  and 
fluctuating,  are  termed  cephalhsematomata.  They  may  occur  in  two  situa-  i 
tions,  either  between  the  aponeurotic  structures  of  the  scalp  and  the  'periostewn.  \ 
or  ietween  this  memhrane  and  the  Ijone. 

The  Subaponeurotic  Gephalhsematoma  is  by  far  the  most  common 
variety.    It  usually  forms  a  large,  soft,  fluctuating  tumour,  situated  upon 
of  the  parietal  eminences,  and  having  a  somewhat  indurated  circumferenr 
The  tumour  will  usually  subside  in  a  few  days  under  the  use  of  a  simple 
evaporating  lotion. 

The  Subperiosteal  or  Subpericranial  Cephalhaematoma  is  an  injury  of 

somewhat  rare  occurrence.    It  appears  as  a  fluctuating  tumour,  almost  invari-  ■ 
ably  seated  on  one  parietal  bone,  without  discoloration  of  the  scalp,  but  . 
with  a  hard  elevated  circle  around  it,  and  a  soft  depressed  centre,  almost  ; 
giving  the  sensation  of  a  hole  in  the  cranium.    Pressure,  however,  gives  rise  ii 
to  no  cerebral  symptoms,  and  enables  the  Surgeon  to  feel  the  bone  at  the  | 
bottom  of  the  depression.    These  tumours  are  usually  small,  seldom  more  j 
than  two  inches  in  diameter,  and  it  occasionally  happens  that  they  are 
multiple.    It  is  worthy  of  note,  however,  that  each  tumour  is  always  confined 
to  a  separate  bone,  never  passing  beyond  the  sutures,  where  the  adhesion."? 
are  strongest  between  the  periosteum  and  the  bone.    This  ailection  is  most 
frequently  met  with  in  children  born  in  first  confinements,  and  owing  to  the 
greater  size  of  the  head  is  more  common  in  boys  than  in  girls  ;  according  to 
Bouchard,  in  the  propol'tion  of  thirty-four  to  nine. 

Pathology. — In  this  alfection  the  pericranium  is  separated  from  the  bone 
by  an  extravasation  of  blood,  and  both  bone  and  periosteum  are  covered  with 
decolorised  clot,  but  otherwise  healthy  ;  the  fluid  in  the  centre  is  the  serum 
from  the  coagulated  blood.  The  hard  circle  surrounding  the  depression  is 
formed  by  a  deposit  of  osseous  tissue  in  the  angle  formed  ])y  the  raised  peri- 
osteum aud  the  bone  beneath.  This  deposit  is  elFected  in  such  a  way  that,  on 
a  transverse  section  being  made,  the  inner  wall  is  found  nearly  perpendicular, 
Avhilst  the  outer  slopes  down  upon  the  cranium,  thus  giving  a  crateriforra 
appearance  to  the  margin  of  the  tumour. 

The  liest  Treatment  is  to  remove  the  fluid  early  with  an  aspirator,  the  needle 
and  scalp  being  carefully  disinfected  to  avoid  any  risk  of  suppuration.  Occa- 
sionally it  fills  again,  and  the  operation  must  then  be  repeated.  Even  after  a 
bony  rim  has  formed  aspiration  usually  cflbcts  a  cure.  If  it  fails,  the  swelling 
must  be  punctured  and  a  fine  drainage-tube  inserted  with  ])roper  antiseptic 
precautions.  If  septic  suppuration  occurs,  there  is  some  risk  of  necrosis  of 
the  bone  and  intracranial  mischief. 

Wounds  of  the  ScAiiP  are  of  very  common  occurrence,  and  are  often 
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followed  by  serious  consequences.  They  are  divided  into  three  classes — first, 
those  not  penetrating  to  the  pericranial  aponeurosis  ;  secondly,  those  openino- 
up  the  loose  areolar  tissue  beneath  that  membrane  without  exposing  the  bone ; 
and  thirdly,  those  extending  through  the  periosteum  and  denuding  the  bone. 
Scalp  wounds  are  very  common  as  the  result  of  drunken  brawls  or  accidents 
amongst  the  lowest  classes,  and  the  heads  on  which  they  are  inflicted  are  very 
often  grimed  with  dirt  and  crusted  with  grease,  while  the  patients  are  ofteii 
broken  down  by  dissipation  and  improper  feeding.  It  is  not  surprising, 
therefore,  that  unless  great  care  is  taken  in  the  treatment,  erysipelas  and 
other  diffuse  inflammations  are  very  prone  to  follow  these  injuries.  If 
these  disturbing  causes  are  absent  scalp  Avounds  usually  heal  with  remarkable 
ease,  even  though  the  part  be  much  bruised  and  seriously  lacerated,  as  slough- 
ing rarely  occurs,  the  supply  of  blood  being  very  abundant,  and  the  vitafity 
of  the  tissues  correspondingly  high. 

The  special  Gomplicatdons  which  may  follow  wounds  of  the  scalp  vary  with 
the  degree  of  the  injury.  The  first  class,  in  which  the  pericranial  aponeurosis 
is  not  wounded,  are  liable  to  no  special  complications  beyond  those  common  to 
all  similar  injuries.  In  the  second  class,  in  which  the  pericranial  aponeurosis 
is  wounded,  diffuse  suppuration  extending  widely  beneath  that  membrane  is 
very  prone  to  occur  if  drainage  be  neglected  and  strict  asepsis  be  not 
maintained. 

The  pericranial  aponeurosis  or  tendon  of  the  occipito-frontahs  muscle  is 
firmly  attached  to  the  fat  and  fascia  supei-ficial  to  it,  whilst  it  is  connected  in 
the  loosest  manner  possible  with  the  parts  underneath.  This  arrangement  is 
often  of  great  service  in  protecting  the  skull  from  fracture,  especially  when  the 
head  is  caught  between  two  solid  bodies,  as,  for  example,  the  wheel  of  a  cart 
and  the  ground  ;  the  scalp  is  then  torn  off  and  the  head  slips  away,  thus 
cscapmg  further  injury.  In  suppuration  occurring  under  the  tendon  of  the 
occipito-fi-ontalis,  the  pus  gravitates  to  the  most  dependent  parts  until  arrested 
by  the  attachments  of  the  aponeurosis.  These  attachments  are  as  follows  :— 
Posteriorly,  the  fleshy  bellies  and  tendon  are  attached  to  the  superior  cm-ved 
hue  of  the  occipital  bone,  and  to  the  mastoid  process  along  the  line  of 
insertion  of  the  sterno-mastoid.  Laterally,  the  aponeurosis  is  thin,  covered 
m  part  by  the  attoUens  and  attrahens  aurem,  and  in  front  of  the  ear  runs 
down,  superficial  to  the  temporal  fascia,  to  be  attached,  like  it,  to  the  zygoma- 
pus  gravitatmg  in  this  direction,  therefore,  forms  a  bag  of  fluid  just  above 
the  zygoma,  never  extending  into  the  cheek.  In  front,  the  fleshy  fibres  of  the 
muscle  are  blended  with  those  of  the  corrugator  supercilii  and  the  orbicularis 
palpebrarum,  while  in  the  middle  line  they  are  continued  down  over  the  nose 
into  those  of  the  pyramidalis  nasi ;  the  pus  under  this  part  will  therefore 
collect  m  the  upper  eyelids,  and  in  a  pouch  over  the  root  of  the  nose. 

A^'hen  the  wound  is  too  tightly  closed,  either  by  sutures  or  by  a  pad  of  lint 
allowed  to  stick  to  it  by  the  dried  blood,  the  serous  fluid,  necessarily  effused 
in  the  first  few  hours,  forces  its  way  into  the  loose  areolar  tissue  beneath 
the  pericramal  aponeurosis.  If  the  wound  be  small  the  fluid  is  usually 
absorbed,  and  healing  takes  place  without  trouble.  Frequently,  however 
It  distends  the  lymph-spaces  and  decomposes,  and  thus  starts  a  spreading 
inflammation  which  may  affect  the  whole  of  the  subaponeurotic  areolar  tissue" 
lJi.8  septic  cellulitis  commences  usually  about  the  third  day  after  the  iniurv 
and  terminates,  as  such  inflammations  generally  do,  in  diffuse  suppuration 
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and  sloughing-  of  the  cellular  tissue.  Tlic  sculp  itself  never  sloughs,  nor  is  the 
bone  exposed  by  destruction  of  its  periosteum.  There  is  a  general  pufly 
swelling  of  the  scalp  and  diQused  redness,  often  extending  over  the  face,  and 
it  is  probable  that  this  state  of  tilings  has  often  been  confounded  witli 
erysipelas,  and  has  given  rise  to  the  idea  that  stitches  in  the  scalp  cause  that 
disease.  This  condition  is  frequently  fatal,  especially  in  old  people,  unk-s- 
actively  and  efficiently  treated  ;  death  occurring  either  from  septic  poisonini:. 
pyEEmia,  or  exhaustion. 

It  is  important  to  make  the  diagnosis  between  erysipelas  of  the  scalp  and 
diffuse  suppuration  beneath  the  pericranial  aponeurosis,  as  the  treatment  of 
the  two  conditions  is  very  different.  In  erysipelas  there  is  a  characteristic 
invasion  (see  Chap.  XXXII.)  :  the  redness  and  swelling,  when  they  appear  on 
the  face,  can  be  seen  to  have  a  sharply  defined  margin,  and  they  speedily 
extend  beyond  the  limits  of  the  pericranial  aponeurosis,  reaching  to  the  cheeks 
or  mouth,  and  very  commonly  involving  the  pinna  of  the  ear.  The  lymphatic 
glands  at  the  upper  part  of  the  neck  are  swollen  and  tender.  In  diff'ui- 
cellulitis  beneath  the  aponeurosis,  the  swelUng  does  not  go  beyond  the  limits 
of  that  membrane  ;  the  blush  that  may  extend  beyond  is  of  small  extent,  and 
has  a  diffused  margin  ;  the  pinna  of  the  ear  is  not  affected,  and  the  lymphatic 
glands  are  not  swollen. 

In  the  first  and  second  classes  of  scalp  wounds  there  is  no  special  tendency 
to  cerebral  complications  of  any  kind  when  the  brain  is  not  injured  by  th^ 
same  violence  that  inflicts  the  wound. 

In  the  third  class  of  scalp  wounds  in  which  the  bone  is  exposed,  and  perhaps 
denuded  for  some  extent,  healing  as  a  rule  takes  place  readily  enough  if 
drainage  is  maintained  and  asepsis  secured.  Should  a  part  of  the  injured 
scalp  be  torn  away  or  slough,  and  a  portion  of  the  skull  be  exposed, 
exfoliation  of  the  outer  table,  though  probable,  does  not  necessarily  happen  : 
for  in  many  cases  granulations  will  spring  up  on  the  exposed  bone,  which  still 
receives  vascular  supply  from  the  diploe,  and  thus  healing  wiU  take  place. 

Should  decomposition  of  the  discharges  and  septic  suppuration  occur  in  a 
wound  laying  bare  the  bone,  the  patient  is  exposed  to  various  dangers  beyond 
diffuse  suppuration  beneath  the  aponeurosis.  The  bare  bone  being  bathed  in 
septic  pus  is  not  unlikely  to  necrose.  Should  this  happen,  the  dead  portion 
separates  in  most  cases  without  further  evil  consequences,  but  until  this  ha- 
taken  place  the  patient  can  never  be  considered  out  of  danger.  The  complica- 
tions to  which  he  is  liable  are  caused  by  the  septic  matter  penetrating  the  doa(! 
outer  table  and  affecting  deeper  parts.  In  this  way  a  ditt'use  septic  inflamma- 
tion may  be  set  up  in  the  diploe  (septic  osteomyelitis),  and  should  this  happen 
death  from  septicasmia  or  pya3mia  is  almost  inevitable.  After  death  in  sucli 
a  case,  on  chiselling  away  the  outer  table,  the  diploe  will  be  found  to  be  soaked 
in  offensive  pus,  and  the  large  veins  that  lie  in  it  will  be  seen  to  contain 
softening  thrombi,  portions  of  which  have  been  washed  on  into  the  blood 
stream  and  gi^^en  rise  to  abscesses  in  the  lungs  or  other  viscera.  All  forms  of 
I)yajmia  and  septictemia  are  met  with  in  these  cases,  and  the  symptoms  differ 
in  no  respect  from  those  which  occur  in  blood-poisoning  from  other  wounds. 
(See  Chap.  XXXIII.)  The  older  writere  on  Surgery  had  noted  and  had 
marvelled  at  the  strange  phenomenon  of  hepatic  abscesses  following  slight 
head-injuries,  but  had  generally  overlooked  the  occurrence  of  secondary 
deposits  in  other  organs  and  structures.    There  is,  however,  no  reason  to- 
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believe  that  liepatic  abscesses  are  more  common  in  pyaemia  after  hcaci- 
injiiries  than  in  that  arising  from  any  other  injury,  in  eighteen  cases 
Sir  P.  Hewett  found  the  lungs  studded  with  abscesses  in  thirteen,  and  the 
liver  ill  three  ;  and  of  these  three,  in  one  case  only  was  the  liver  alone 
affected.  It  has  been  supposed  by  some  that  intracranial  suppuration  is  a 
necessary  precursor  of  these  secondary  abscesses  :  that  it  frequently  co-exists 
is  undoubted — we  often  meet  with  pus  in  these  cases  between  the  dura  mater 
and  the  contused  bone  ;  but  to  suppose  that  it  is  a  necessary  concomitant  is 
an  error.  T  have  seen  cases  in  which  the  most  extensive  secondary  deposits 
were  found  in  the  lungs,  h'ver,  joints,  &c.,  but  in  which  not  a  drop  of  pus 
existed  in  the  interior  of  the  skull  in  any  part  ;  but  I  have  never  seen  a  case 
in  which  the  diploe  around  the  injured  bone  did  not  contain  pus,  sometimes 
diffused  through  its  cells,  sometimes  filling  its  venous  sinuses. 

The  second  gi-eat  complication  of  scalp  wounds  exposing  the  bone  is  intra-  • 
cranial  suppuration.  It  may  occur  with  diffuse  septic  inflammation  of  the 
diploe,  but  is  more  frequently  met  with  independently  of  this.  The  pus  may 
be  situated  immediately  beneath  the  injured  bone  superficial  to  the  dura  mater, 
on  the  surface  of  the  brain  beneath  the  dura  mater,  or  more  deeply  in  the 
cerebral  substance.  The  symptoms  and  treatment  of  this  complication  will 
be  more  conveniently  considered  with  intracranial  suppuration  in  general 
(p.  778)  et  seq. 

Treatment  of  Scalp  Wounds. — From  what  has  been  already  said  it  will 
be  evident,  that  in  cases  of  wound  of  the  scalp  not  complicated  by  injury  to 
the  brain,  the  essentials  of  treatment  are,  to  avoid  retention  of  the  discharges 
and  to  prevent  their  putrefaction .    In  all  cases  the  parts  aroimd  the  wound  must 
be  shaved  for  a  sufficient  distance.    The  wound  may  then  be  plugged  with  a 
piece  of  sponge  soaked  in  some  efficient  antiseptic  fluid,  carbolic  acid  lotion 
(1  in  20),  or  perchloride  of  mercury  (]  in  1000),  being  the  best,  while  the 
scalp  around  it  and  the  remaining  hair  are  washed  with  hot  water  and  soap,  or 
sponged  with  a  weak  solution  of  ammonia,  and  afterwards  thoroughly  soaked 
in  the  antiseptic  fluid.    If  there  be  arterial  hsemorrhage  it  may,  if  slight  in 
amount,  be  arrested  by  the  pressure  of  the  dressing,  the  firm  bone  beneath 
affording  excellent  counter-pressure.    Should  the  bleeding  be  more  free,  the 
vessels  must  be  secured  by  ligature  or  torsion.    In  doing  this  some  trouble 
may  be  caused  by  the  density  of  the  tissues  in  which  the  vessels  are  lying. 
Should  other  means  fixil,  or  not  be  at  hand,  a  pin  may  be  passed  beneath  the 
artery,  and  compression  made  over  it  by  a  figure-of-8  suture.    The  seal]-) 
having  been  cleaned,  and  the  bleeding  stopped,  the  wound  itself  may  be  again 
thoroughly  cleansed  with  the  antiseptic  lotion  and  its  edges  brought  together. 
In  doing  this,  strapping  should  not  be  used.    It  seldom  adheres  well  on  the 
scalp  and  tends  to  shut  in  the  discharges.    In  small  w^ounds,  as  the  rigid 
tissues  of  the  scalp  have  little  tendency  to  gape,  the  mere  pressure  of  the 
dressing  will  bring  the  edges  in  contact.    In  larger  wounds,  catgut,  horse- 
hair, or  silver-wire  sutures  may  be  inserted.    The  use  of  sutures  has  been 
deprecated  by  many  Surgeons  in  injuries  of  the  scalp,  as  tending  to  favour 
erysipelas  ;  undoubtedly,  much  mischief  will  arise  if  the  wound  be  stitched  uj) 
too  closely  and  septic  matter  accumulates  in  it,  and  in  small  wounds  sutures 
arc  generally  unnecessary.    But  in  extensive  lacerations,  more  particularly  of 
the  anterior  part  of  the  scalp,  where  the  soft  parts  are  stripped  off,  and  hang 
over  the  occiput  as  the  patient  lies  down,  they  cannot  be  dispensed  with  ;  anil 
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here  I  have  never  seen  any  bnfc  the  best  results  follow  their  use.  In  Li;, 
majority  of  cases,  dry  dressings  will  be  fonnd  most  efficient.  The  wound  may 
be  sprinkled  with  iodoform,  and  a  large  pad  of  iodoform  wool,  salicylic  wool 
or  silk,  sal  alembroth  gauze  or  wool,  or  some  other  dry  absorbent  antiseptic 
preparation,  may  be  applied,  and  secured  with  a  bandage,  so  as  to  exert  a 
moderately  firm  elastic  pressure  and  to  retain  the  separated  parts  in  apposition 
and  at  perfect  rest,  while  at  the  same  time  the  accumulation  of  discharges  is 
prevented.  Such  a  dressing  may  frequently  be  left  untouched  for  a  week  (  i- 
ten  days,  at  the  end  of  which  time  union  will  be  perfect.  The  indications  foi- 
removing  it  earlier  are  a  smell  of  putrefaction,  a  rise  of  temperature,  pain,  or 
a  puify  swelling  of  the  scalp  beyond  the  dressing.  The  patient  should  be 
freely  purged,  and  kept  perfectly  at  rest  on  a  rather  low  diet  ;  any  cerebral 
symptoms  that  occur  being  treated  in  accordance  with  the  principles  laid 
down  in  discussing  tranmatic  affections  of  the  brain.  In  this  way,  union  will 
very  probably  take  place  through  the  greater  portion  of  the  injured  surface  : 
should  it  not  do  so,  however,  or  should  any  part  slough,  granrdations  sprint 
up,  and  repair  goes  on  with  surprising  rapidity.  Drainage-tubes  are  seldom 
required  if  too  many  stitches  be  not  put  in. 

It  frequently  happens  that  the  scalp  is  bruised  and  lacerated  as  weU  as 

wounded  :  and  very  commonly  a  large  flap 
of  integument  is  stripped  off  the  skuU,  and  is 
thrown  down  over  the  face  or  ear,  so  as  to 
denude  the  bones.  In  these  cases,  advantage- 
is  taken  of  the  great  vitality  of  the  scalp. 
However  extensively  contused  or  lacerated 
this  may  be,  however  much  it  may  be 
begrimed  with  dirt,  it  is  a  golden  rule  in 
surgery  not  to  cut  any  portion  of  it  away, 
but,  after  shaving  the  head  and  ligaturiuL; 
any  bleeding  vessels,  to  clean  it  thoroughly, 
and  replace  it  in  its  proper  position. 

Should  septic  suppuration  occur  beneatli 
the  pericranial  aponeurosis  in  consequence  of 
the  antiseptic  treatment  having  failed,  and 
the  wound  being  too  tightly  closed,  active  and 
efficient  treatment  is  necessary  to  save  the  patient  from  the  dangere  of 
septicaemia  or  pyemia.  As  soon  as  pain,  with  some  swelling  round  the  wound 
and  elevation  of  temperature,  raises  a  suspicion  that  diffuse  inflammation  is 
spreading  from  the  wound,  all  dressings  should  be  removed.  It  will  fi-equeutly 
be  found  that  the  edges  of  the  wound  are  adhering  to  each  other  ;  if  this  1 
the  case  they  must  be  separated  with  a  director,  when  a  small  quantity  oi 
thin  offensive  pus  frequently  escapes.  A  hot  dressing  of  boracic  acid  lint  may 
then  be  applied,  and  covered  over  with  oil-silk,  and  over  this  a  sheet  of 
cotton-wool  and  a  bandage.  This  must  be  changed,  like  a  poultice,  about 
every  four  hours.  In  most  cases  this  treatment  will  be  successful  in  arresting 
the  unhealthy  inflammation,  but  should  it  fail  and  the  celluUtis  extend  more 
widely,  it  Avill  be  necessary  to  make  free  incisions,  reaching  through  the  peri- 
cranial aponeurosis  wherever  the  inflammation  has  extended.  Before  doing 
this  the  head  must  be  completely  shaved,  without  which  cleanliness  is  im- 
possible.   It  is  more  essential  that  this  should  be  done  in  women  even  than 
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neath  the  Pericranial  Aponeurosis. 
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iu  men,  however  much  they  may  object,  as  their  hair  is  longer.  The  incisions 
should  be  each  about  one  inch  in  length,  and  should  vary  in  number  according 
to  the  extent  of  the  mischief.  They  must  be  carefully  planned  so  as  to  avoid 
the  main  arteries  (Fig.  309).  After  bleeding  has  been  arrested  hot  dressings 
must  be  applied  as  before  described. 

Simple  erysipelas  after  a  scalp  wound  presents  nothing  special  in  its 
treatment. 

When  the  skull  Itself  is  extensively  denuded  in  consequence  of  the  peri- 
cranimn  being  stripped  off  the  subjacent  bone  together  with  a  flap  of  the  scalp, 
it  does  not  necessarily^  follow  that  necrosis  and  exfoliation  of  the  exposed  bone 
will  occur.  The  flap  must  be  laid  down  on  the  denuded  osseous  surface,  to 
which  it  may  possibly  contract  adhesion  through  the  medium  of  granulations. 

The  treatment  of  intracranial  suppuration  will  be  considered  later  on 
(p.  781). 

FBAOTURES    OF    THE  SKULL. 

Injuries  of  the  Bones  of  the  SkuU,  especially  Fracture,  possess  great  interest, 
not  so  much  from  the  lesion  of  the  bone  itself,  as  from  its  frequent  complication 
with  injury  of  the  brain  and  its  membranes.  This  cerebral  comphcation  may 
either  be  produced  by  direct  injury,  the  fi-agments  of  the  fractured  bone  com- 
pressing or  wounding  the  brain  ;  or  it  may  be  the  result  of  concussion  or 
laceration  of  the  brain  by  the  same  violence  that  causes  the  fracture. 

Bendhv-g-in  of  the  Ceanial  Bones  without  Feagtuhe  is  an  accident 
that  may  occur  in  infants  and  young  children,  before  the  bones  of  the  skull  are 
completely  ossified.  In  several  instances,  the  displaced  bone  has  been  raised 
by  aspiration  with  an  india-rubber  sucker.  But  no  harm  comes  of  leaving  the 
bone  depressed,  as  it  will  generally  recover  its  proper  level  in  time. 

CoNTUSioif  op  the  Cranial  Bones  without  fracture,  occasioned  either  by 
ordinary  direct  violence  or  by  the  oblique  impact  of  bullets,  is  a  very  serious 
injury,  more  particularly  when  complicated  with  wound  of  the  scalp.  In  it 
there  are  four  sources  of  danger,  any  one  of  which  may  be  followed  by  a  fatal 
result ;  viz.  :  1.  Necrosis  of  the  part  of  bone  struck,  leading  to  exfohation  of 
the  outer  table,  or  to  separation  of  the  whole  thickness  of  the  cranium  and 
exposure  of  the  dura  mater  ;  2.  Suppuration  under  the  bone,  between  it  and 
the  dura  mater  ;  3.  Pyemia  with  secondary  visceral  abscesses,  consequent 
on  suppuration  of  the  diploe  around  the  necrosed  point  of  bone,  and  septic 
thrombosis  of  the  cranial  veins, — a  condition  to  which  reference  has  already 
been  made  ;  and,  4.  Laceration  of  the  brain  immediately  beneath  the  point 
struck,  or  at  the  corresponding  spot  on  the  opposite  side  of  the  brain.  The 
former  condition  occurs  only  when  the  blow  is  very  violent,  sudden,  and 
limited  to  a  small  area,  as  when  the  skull  is  grazed  by  a  bullet.  Under  other 
circumstances  the  chief  laceration  is  always  on  the  opposite  side  of  the  brain. 

The  following  statement,  taken  from  the  records  of  the  War-Department  of 
the  United  States  army,  gives  a  good  summary  of  the  results  of  gun-shot  con- 
tusions of  the  skull  without  ft'acture,  or,  at  any  rate,  in  which  the  fractui-e  was 
limited  to  the  inner  table.  In  many  of  these  there  was  without  doubt  some 
superficial  laceration  or  bruising  of  the  brain. 

Of  328  cases,  there  died  55  ;  were  disabled,  173  ;  recovered,  100.  The  deaths 
arose  from  htcmorrhage,  2  ;  tetanus,  4  ;  pytcmia,  4  ;  dysentery  and  fever  8  ; 
compression  from  blood  or  pus,  17  ;  various  intracranial  injuries,  20.  These 


728  INJURlEti   Oh'   TJ-JE  HEAD. 

injuries  appeared  to  be  most  dangerous  in  the  temporal  aud  frontal  i-egions 
and  least  so  in  the  occipital. 

Amongst  the  173  disabled,  the  i'ollowing  complications  are  specified  as  the 
causes  of  the  disability  :— 

Persistent  pain  in  the  head,  10  :  paralysis  of  limbs,  more  or  less  marked. 
23  ;  impairment  of  vision,  16  (wounds  mostly  in  the  frontal  region)  ;  impair- 
ment of  hearing,  14  (wounds  mostly  in  jiarietal  and  temporal  regions,  but 
some  frontal  and  some  occipital) ;  epilepsy,  9  ;  insanity,  10.  Vertigo,  giddi- 
ness, and  dizziness  were  some  of  the  commonest  complaints  among  pensioners. 

Fractures  op  the  Skull  are  invariably  the  result  of  external  violence' 
This  may  act  diredhj  in  breaking  and  splintering  the  part  struck,  the  fissures 
often  extending  to  a  considerable  distance  and  detaching  large  portions  of  the 
skull ;  or  the  violence  may  act  in  an  indirect  manner,  producing  the  fracture 
either  without  being  applied  immediately  to  the  cranium,  or  else  at  an  opposite- 
part  of  the  skull  to  that  which  is  struck.  Thus  the  base  of  the  skull  may  be 
fractured  by  the  shock  communicated  to  it  when  a  person,  falling  from  a 
height,  strikes  the  ground  heavily  with  his  feet.  A  somewhat  doubtful  variety 
of  indurect  fracture  in  which  the  lesion  occurs  at  a  point  of  the  skuU  opposite 
to  that  which  has  been  struck  has  received  the  name  of  Fracture  by  Contrecoup. 

Fracture  by  Contrecoup  has  been  described  by  some  Surgeons  as  of 
frequent  occurrence,  whilst  it  has  been  denied  by  others.    Aran  laid  down  a.'; 
an  absolute  rule  that  all  fissured  fractures  without  exception  start  from  the 
pomt  in  the  skull  to  which  the  violence  has  been  applied.    Eveiy  hospital 
Surgeon  must,  however,  occasionally  have  met  with  fissures,  especially  in  tho 
thm  parts  of  the  base  of  the  skull,  which  could  not  be  traced  to  the  point  in 
the  vault  which  directly  received  the  injury,  though  such  cases  are  undoubtedlv 
rare.    Moreover,  it  must  not  be  concluded  at  once  that  such  fissures  are 
the  result  of  contrecoup.    A  man  may  receive  a  violent  blow  on  the  frontal 
bone,  wounding  the  scalp,  and  the  fracture  may  be  found  in  the  occipital 
region.    In  such  a  case,  it  often  happens  that  the  fissm-e  was  really  caused  b\- 
a  blow  on  the  back  of  the  head  received  in  falling.    In  other  cases  in  whicli 
the  patient  falls  directly  on  the  vertex  aud  fractures  the  base  of  the  skull,  the 
fracture  is  often  caused  by  the  weight  of  the  body  communicated  through  the 
vertebral  column  to  the  condyles  of  the  occipital  bone.    It  has  been  shown 
experimentally  by  C.  Bell,  Bruns,  and  Fdlizet,  that  the  skull  possesses  a  consider- 
able degree  of  elasticity,  and  that  when  a  violent  force  such  as  a  blow  acting 
on  a  considerable  extent  of  the  surface,  or  powerful  pressure  is  applied  to  it,  i'l 
undergoes  an  alteration  in  shape  not  merely  at  the  point  struck,  but  as  a 
whole.    There  is  a  shortening  of  the  diameter  corresponding  to  the  direc- 
tion of  the  force,  with  lengthening  of  the  other  diameters.    Thus,  a  force 
applied  to  the  vertex  tends  to  shorten  the  vertical  diameter,  and  to  cause 
a  corresponding  lengthening  of  the  antero-posterior  and  transverse  diameters. 
A  skull  in  this  way  squeezed  out  of  shape  may  yield  at  the  weakest  part,  and  n 
fissure  may  thus  be  formed  at  a  ]ioint  remote  from  that  to  which  the  force 
was  api^lied,  although  much  more  commonly  the  blow  determines  the  starting 
point  of  the  fissure.    That  the  fissures  in  a  fractured  skull  may  actually 
gape  at  the  moment  and  close  again  as  soon  as  the  force  ceases  to  act,  is  occa- 
sionally proved  by  the  presence  of  foreign  bodies  tightly  grasped  in  them. 
Thus,  hairs  have  been  found  finnly  held  in  the  crack,  aud  Hoffmann  records  ii 
case  in  which  a  fold  of  dura  mater  was  nipped  in  a  fissured  fracture.  The 
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reuding  force  thus  exerted  by  the  compression  of  the  skull  in  one  direction  and 
its  elongation  in  another,  explains  more  readily  than  any  other  theory  the 
distance  to  which  a  fissure  often  extends,  and  the  way  in  which  it  frequently 
follows  for  a  certain  distance  along  the  line  of  a  suture,  entering  the  solid 
bone  again  when  the  suture  comes  to  an  end,  and  also  the  fact  that  a  foramen, 
even  the  foramen  magnum,  oflTers  no  impediment  to  the  extension  of  the 
fracture. 

In  certain  cases  the  thin  orbital  plates  of  the  frontal  bone  have  been  found 
to  be  fissured  after  violent  blows  on  the  back  of  the  head,  and  in  these  it  has 
been  suggested  that  the  fractures  resulted  from  the  impact  of  the  brain  sub- 
stance driven  against  the  bone  by  the  force  of  the  blow. 

If  all  these  different  forms  of  fracture  be  excluded,  but  little  is  left  that 
ueeds  the  theory  of  contrecouj)  for  its  explanation. 

Although,  therefore,  Aran's  rule,  that  all  fissures  radiate  from  the  point 
struck,  is  not  absolutely  accurate,  yet  it  is  so  nearly  true  that  it  forms  the  best 
guide  we  have  to  the  course  of  a  fracture.  Thus,  if  we  have  clear  evidence 
that  a  man  has  received  a  blow  on  the  parietal  eminence  and  he  has  profuse 
bleeding  from  the  nose,  we  may  reasonably  conclude  that  the  fracture  roughly 
corresponds  to  a  line  drawn  from  the  point  struck  to  the  cribriform  plate.  lu 
a  case  under  my  care  in  University  College  Hospital  the  patient  had  received 
a  violent  blow,  not  causing  a  wound,  on  the  right  occipital  region,  and  waK 
bleeding  freely  from  the  left  ear.  Soon  after  admission  the  respiration  became 
greatly  embarrassed  without  any  signs  of  general  compression  of  the  brain. 
Following  Aran's  rule,  the  diagnosis  made  was,  that  a  fissured  fracture  crossed 
the  foramen  magnum,  and  that  extravasated  blood  was  pressing  on  the  medulla 
oblongata ;  a  conclusion  which  was  confirmed  by  the  post-mortem,  examination. 

Fissured  Fracture. — An  ordinary  undepressed  fracture  of  the  skull 
consists  in  a  fissure,  sometimes  single,  at  other  times  starred,  extending  often 
to  a  considerable  distance  through  the  bones,  radiating  sometimes  across  the 
skull,  and  in  other  cases  completely  detaching  its  upper  from  its  lower  part,  or 
its  anterior  from  its  posterior  segment.  In  some  cases  the  fracture  extends 
into  one  of  the  sutures  ;  and  in  other  instances,  which,  however,  are  very  rare, 
the  sutui'es  are  separated  without  any  fracture. 

A  fissured  fracture  usually  results  from  direct  violence,  but  is  also  the  only 
form  of  fracture  that  can  be  supposed  to  arise  by  contrecoup.  A  fissure 
gives  rise  to  no  signs  by  which  its  diagnosis  can  be  effected,  and  often 
escapes  detection  altogether,  more  ])articularly  when  the  scalp  covering  it  is 
not  wounded  ;  or  when  so  large  a  quantity  of  blood  is  extravasated  as  to 
render  it  impossible  for  the  Surgeon  to  feel  the  subjacent  bone.  If,  however, 
the  scalp  covering  the  injured  bone  have  been  wounded,  the  existence  of  a 
fracture  may  be  ascertained  by  running  the  finger-iiail,  or  the  end  of  a  probe, 
over  the  exposed  surface  of  the  bone,  or  by  seeing  a  fissure  which  remains 
filled  with  blood  after  wiping  the  surface,  or  from  which  blood  may  be  freely 
oozing. 

As  the  whole  importance  and  danger  of  fracture  of  the  skull  depend,  not 
upon  the  injury  that  the  bone  has  sustained,  but  on  the  concomitant  or  secon- 
dary lesions  of  which  the  contents  of  the  cranium  may  be  the  seat,  no  special 
Treatment  is  required  for  the  fracture  itself  when  simple  and  undepressed,  the 
Surgeon's  whole  attention  being  directed  to  the  injury  that  may  have  been 
inflicted  on  the  brain  or  scalp.    Should  the  fracture  be  compound  the  patient's 
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bead  must  be  comj)letely  shaved  and  cleaned  as  before  described  (p,  725)  and 
the  wound  should  then  be  carefully  cleansed  with  carbolic  lotion  (1  in  20),  or 
perchloride  of  mercury  (1  in  1000),  and  some  efficient  antiseptic  dressing 
applied  (p.  72G).  The  patient's  safety  depends  to  a  great  extent  upon  the  i 
prevention  of  decomposition.  In  all  fissured  fractures  there  is  necessarily 
some  blood  extravasated  between  the  dura  mater  and  the  bone,  as  well  as  in 
the  diploe,  supposing  the  fracture  to  be  in  a  part  where  this  exists.  If  this 
extravasated  blood  should  decompose,  the  patient  would  run  all  the  dangers  of 
suppm-ation  between  the  dura  mater  and  bone  or  septic  inflammation  of  the 
diploe.  Moreover,  it  is  always  possible  that  the  dura  mater  may  be  torn  even 
beneath  a  simple  fissure,  though  fortunately  this  is  rare.  Should  this,  however, 
have  taken  place,  and  decom]DOsition  of  the  discharges  occur,  the  danger 
of  septic  meningitis  setting  in  is  very  great ;  and  should  this  happen,  the 
death  of  the  patient  is  a  certain  consequence. 

Although  the  most  important  precautionary  measures  for  guarding  against 
inflammation  of  the  brain  and  its  membranes  are  doubtless  those  intended  to  U 
prevent  septic  processes  in  the  wound,  yet  other  measures  should  on  no 
account  be  neglected.  The  head  should  be  shaved  if  this  has  not  already  been 
done  in  dressing  the  wound,  and  cold  may  be  applied.  This  can  easily  be  dont- 
over  the  carbolic  gauze  dressing  or  over  the  carbolic  oil,  but  it  can  hardly  be 
efficiently  employed  over  iodoform  or  salicylic  wool ;  and  this,  perhaps,  in  some 
cases  forms  an  objection  to  their  use.  Care  must  always  be  taken  not  to 
soak  the  dressing  with  water  oozing  through  a  half -putrid  bladder  ;  the  india- 
rubber  ice-cap  should  be  used  when  possible,  or  if  that  be  not  at  hand  a  com- 
mon sponge-bag  will  answer  the  pm-pose  fairly  well.  The  bowels  should  be 
well  opened,  and  the  room  kept  cool  and  quiet.  Should  any  symptoms  of 
inflammation  of  the  brain  make  their  appearance,  free,  and  if  need  be, repeated 
bleeding  is,  perhaps,  of  more  service  than  any  other  means,  and  should  never 
be  omitted,  except  in  feeble,  very  young,  or  aged  subjects. 

Simple  fissured  fractures  of  the  vault  of  the  skull  in  infants  and  young 
children  arc,  in  rare  cases,  followed  by  the  formation  of  a  fluctuating  tumour 
under  the  scalp  containing  cerebro-spinal  fluid.  Such  cases  have  been  recorded 
by  W.  Haward,  R.  C.  Lucas,  T.  Smith,  R.  J.  Godlee  and  others,  and  P.  S.  Connor 
has  suggested  the  name  of  Traumatic  Cephalliydrocele  for  the  condition.  ' 
The  tumour  becomes  tense  when  the  child  cries,  and  can  be  sbglitly  diminished 
by  pressure,  but  not  without  causing  some  signs  of  cerebral  disturbance.  In 
most  cases  it  pulsates  distinctly,  synchronously  with  the  heart.  The  tumour 
has  usually  appeared  soon  after  the  injury,  and  has  often  been  mistaken 
at  first  for  a  cephalhasmatoma.  According  to  Connor  about  half  the  recorded 
cases  have  recovered,  but  have  been  left  with  more  or  less  marked  irritability 
of  temper  or  other  signs  of  cerebral  mischief.  The  remainder  died  sooner  or 
later,  usually  with  symptoms  of  meningitis.  In  a  few  cases  the  child  has  been 
the  subject  of  chronic  hydrocephalus,  although  in  this  condition  the  thinned 
and  expanded  cranial  bones  being  at  the  same  time  preteruaturally  elastic  and 
mobile,  arc  seldom  fractured.  In  one  case  however  that  was  under  my  cai'c, 
a  hydrocephalic  child  fell  from  the  top  of  a  house  on  to  its  head,  and  sus-  I 
tained  a  long  fracture  through  the  left  side  of  the  skull,  but  without  any  scalp  If 
wound.  Shortly  after  the  accident,  a  large  soft  fluctuating  tumour  formed  ' 
under  the  scalp  opposite  the  line  of  fracture  ;  and,  on  this  being  tapped,  about 
three  ounces  of  cerebro-spinal  fluid  were  drawn  olf.    This  operation  was 


FRACTURE  OF  BASF   OF  SKULL. 


731 


repeated,  but  the  child  died  about  ten  days  after  the  injury,  with  hemiplegia 
of  the  opposite  side,  and  convulsions. 

In  the  fatal  cases  a  fissured  fracture  has  been  found  most  commonly  in  the 
parietal,  temporal  and  frontal  regions.  In  several  the  fracture  was  gaping  to 
the  extent  of  half  an  inch  or  more,  and  in  these  the  margins  of  the  fissure 
seem  to  have  been  absorbed  and  not  merely  to  have  been  separated  by  in- 
tracranial pressure.  In  all  cases  the  dura  mater  was  torn  in  the  line  of 
the  fissure,  a  condition  which  is  not  to  be  wondered  at  when  w^e  consider 
the  firm  adhesion  of  that  membrane  to  the  bone  in  young  children.  In 
a  majority  of  the  cases  the  brain-substance  beneath  the  fissure  was  also 
lacerated,  and  in  some  even  to  the  extent  of  opening  up  the  descending 
cornu  of  the  lateral  sinus.     In  these  cases  there  can  be  no  doubt  that  the 


fluid  in  the  tumour  is  derived  from  the  subarachnoid  space.  The  treat- 
ment of  this  condition  is  very  unsatisfactory,  and  from  the  evidence  before 
us  it  seems  much  better  to  leave  the  tumour  to  nature  unless  it  threatens 
to  give  way,  which  does  not  seem  a  common  accident.  The  tumour  may 
then  be  aspirated,  and  if  this  fails  to  do  any  good,  as  it  probably  will,  a 
small  puncture  may  be  made  and  a  fine  drainage  tube  inserted  as  a  last 
resource. 

FfiACTUBE  OF  THE  Basb  OF  THE  Skull. — The  most  serious,  and  indeed  a 
very  commonly  fatal  form  of  fracture  of  the  skull,  is  that  which  extends 
through  its  hase.  It  may  occur  in  three  ways.  1.  It  is  usually  caused  by 
direct  violence,  as  by  a  fall  or  a  blow  upon  the  vertex  or  side  of  the  head, 
producing  a  fracture  which  extends  from  the  point  struck  across  to  the  base 
of  the  skull  (p.  728).  2,  It  may  possibly  take  place  as  the  result  of 
contrecovp,  the  blow  beiug  received  on  the  forehead,  back,  or  side  of  the  head, 
and  the  jar  of  the  bones  expending  its  greatest  violence  on  and  fracturing 
the  base  of  the  skull  ;  although  as  before  stated  (p.  728),  there  is  but  little 


Fig.  310. — Splinteriug  of  edges  of  the  Fora 
men  Magnum  and  tiadiating  Fracture  of 
Base  of  Skull  from  Fall  on  Vertex. 


Fig.  311.  —  Fi-acture  of  Base  by  Fall  on  Vertex. 
Botli  Condyles  broken  ofl'  and  driven  in. 
Vertex  was  fissured. 
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evidence  oF  Lliis  form  of  fracture  ;  and  8,  by  the  impact  of  the  spine  againsi, 
the  condyles  of  the  occipital  bone  causinp:  a  fracture  tliat  radiates  fi-om  the 
foramen  magnum.  This  kind  of  i'racture  of  the  bone  is  well  illustrated  by 
the  annexed  cuts  (Figs.  310,  311),  taken  from  patients  of  mine  who  fell  from 
a  height  on  the  head.  The  effects  will»vary  according  to  the  character  of  thi 
surface  on  which  the  person  falls.  If  hard,  as  on  stone,  the  vertex  will  Iji 
smashed  in,  and  if  there  be  fracture  of  the  base,  it  will  be  occasioned  in  the 
first  way.  If  the  head  strikes  soft  ground,  the  body  will  be  violently 
projected  against  the  base  of  the  skull,  and  the  third  variety  of  fracture  may 
be  occasioned  by  the  force  of  the  impact.  A  similar  fracture  has  occun-ed 
as  the  consequence  of  alighting  on  the  feet  from  a  great  height,  when  the 
shock  has  fissured  the  occipital  bone  from  the  edge  of  the  foramen  magnum 
outwards.  One  great  danger  in  fracture  of  the  base  arises  from  the  concomi- 
tant injury  to  the  brain,  either  by  direct  laceration  or  by  the  extravasation  of 
blood  on  its  under  surface.  The  important  nervous  centres  that  lie  directly 
upon  the  parts  of  the  skull  that  are  broken  are  specially  liable  to  injm-y,  and 
free'  hsemorrhage  often  takes  plage  from  a  torn  sinus  or  a  ruptured  cerebral 
artery.  Another  danger  of  equal  importance  is  septic  meningitis,  which  is  a 
cause  of  death  in  a  considerable  number  of  these  cases.  Its  occurrence  is 
explained  by  the  fact  that  a  very  large  proportion,  of  all  fi-actm-es  of  the  base 
of  the  skull  are  compound.  All  cases  which  implicate  the  tympanum  with 
ruptm'e  of  the  membrana  tympani,  all  those  which  fracture  the  basilar  process 
and  tear  tlie  mucous  membrane  at  tlie  upper  j)art  of  the  pharynx,  and  all 
those  implicating  the  sphenoidal  sinus  and  the  cribriform  plate  of  the  ethmoid 
are  compound  fractures,  and  are  exposed  to  all  the  accidents  to  which  those 
injuries  are  liable.  A  good  example  of  the  Avay  in  which  such  injuries  may 
prove  fatal  occurred  in  a  case  under  my  care  in  1872.  The  patient  was  a 
woman,  aged  twenty-seven,  who  fell  from  a  first-floor  window  into  the  street 
below.  She  received  a  violent  blow  on  the  face,  fracturing  the  upper  and 
lower  jaws,  the  zygomatic  arches,  and  the  nasal  bones.  She  soon  recovered 
consciousness,  and  showed  no  signs  of  serious  cerebral  injury.  However,  on 
the  second  day  symptoms  of  meningitis  set  in,  and  on  the  third  day  she  died 
comatose.  The  post-mortem  examination  showed  the  usual  signs  of  septic 
meningitis,  and  the  source  of  the  mischief  was  found  to  be  a  small  pmicture 
of  the  dura  mater  made  by  a  triangular  fragment  of  the  thin  bony  roof  of  the 
.sphenoidal  sinus  which  had  become  displaced  A'erticaliy,  opening  up  the  sinus 
below  by  tearing  the  mucous  membrane.  The  fragment  was  isolated  by  the 
branches  of  a  fissured  fracture  which  extended  backwards  fi"om  the  frontal 
l)one,  but  at  no  other  part  was  the  dura  mater  injured.  The  brain  showed 
superficial  bruises  in  the  frontal  lobes. 

Fractures  of  the  Base,  though  veiy  frequently  fiital,  arc  not  invariably  sn. 
Not  only  docs  it  occasionally  happen  that  patients  with  all  the  signs  of 
fracture  of  the  base  of  the  skull  make  a  complete  recovery,  but  in  the 
different  Museums  specimens  illustrative  of  repair  after  this  accident  may  be 
met  with.  'I'hus,  in  the  Museum  of  the  Eoyal  College  of  Surgeons,  there  is 
the  skull  of  a  person  who  lived  two  years  after  a  fracture  of  this  kind. 

Signs. — Fracture  of  the  base  of  the  skull  is  very  commonly  suspected  when 
symptoms  indicative  of  serious  injury  to  the  brain  speedily  follow  a  severe 
blow  upon  the  head.  Those  parts  of  the  nervous  centres  that  are  most  im- 
portant to  life  are  more  lial)]e  to  injury  in  this  than  in  other  fractures  of  the 
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skull  ;  the  same  violence  that  occasiotis  the  fracture  injuring-  the  contiguous 
portions  of  brain,  or  lacerating  some  of  the  large  venous  sinuses  at  the  base  of 
the  skull,  and  thus  giving  rise  to  abundant  intracranial  extravasation  of 
blood.  The  patient  whose  skull  is  represented  in  Fig.  312  died  from  injury  to 
the  medulla  oblongata  and  hfemorrhage  into  its  substance ;  a  result  which  can 
hardly  be  wondered  at,  when  the  splintered  condition  of  the  margin  of  the 
foramen  magnum  is  taken  into  consideration.  There  was  no  other  serious 
injury  to  the  brain.  After  a  short  period  of  unconsciousness,  the  patient 
became  noisy  and  talkative,  and  was  somewhat  troublesome  on  his  way  to 
hospital,  but  almost  immediately  after  admission,  his  respiration  and  pulse 
began  to  fail,  and  he  died  in  half  an  hour  or  less  from  the  time  of  the 
accident. 

The  signs  of  fracture  of  the  base  of  the  skull  will  necessarily  vary  accordiug 
to  the  seat  of  injury.  When  the  fissure  extends  through  the  anterior  fossa, 
there  may  be  extravasation  of  blood  into  the  orbit  or  beneath  the  conjunctiva, 
or  free  hismorrhage  from  the  nose.  When  it  implicates  the  middle  fossa, 
there  is,  very  frequently,  fracture  of  the  petrous  portion  of  the  temporal  bone, 
with  ruptm-e  of  the  tympanic  membrane,  and  then  there  will  be  bleeding  or  a 


Fig.  312.— Fracture  of  Base  of  Skull  implicating  tlie  Tympanum. 


watery  discharge  from  the  ears.  When  the  posterior  fossa  is  the  seat  of  frac- 
ture, the  signs  are  more  equivocal.  In  some  cases,  however,  discoloration  of 
the  skin  from  extravasated  blood  behind  the  mastoid  process  and  at  the  back 
of  the  neck,  when  there  has  been  no  direct  injury  in  that  situation,  may 
indicate  the  situation  of  the  fissure. 

There  are  two  signs,  the  occurrence  of  Avhich,  separately  or  together,  affords 
strong  presumptive  evidence  of  the  existence  of  this  kind  of  fracture  :  1.  The 
Escape  of  Blood  from  the  interior  of  the  Cranium  through  the  ears,  nose, 
or  into  the  orbit  ;  and  2.  The  Discharge  of  a  Serous  Fluid  from  the  Ears, 
and  occasionally  from  other  parts  in  connection  with  the  base  of  the  skull. 

1.  The  occurrence  of  Bleeding  from  one  or  Tjoth  Ears  after  an  injury  of 
the  head  cannot  by  itself  be  considered  a  sign  of  much  importance,  as  it  may 
arise  from  any  violence  by  which  the  membrana  tympani  is  ruptured,  or  the 
cartilage  of  the  pinna  separated  from  the  bone,  without  the  skull  being 
necessarily  fractured.  If,  liowever,  the  haemorrhage  be  considerable,  trickling 
slowly  out  of  the  external  auditory  meatus  in  a  continuous  stream,  if  the 
blood  with  which  the  external  ear  is  filled  pulsate,  and  more  especially  if  the 
bleeding  last  for  three  or  four  hours  and  be  associated  with  other  symptoms 
indicative  of  serious  mischief  within  the  head,  and  if  it  have  been  occasioned 
by  a  degree  of  violence  suliicicnt  to  fracture  the  skull,  we  may.  look  upon  the 
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liaemorrhage  as  strong  evidence  that  a  fracture  of  the  base,  extendinf;  into  tlx;? 
petrous  portion  of  the  temporal  bone,  has  taken  place,  and  that,  perhaps,  one 
of  the  venous  sinuses  in  its  neighbourhood  is  torn.  The  evidence,  liowever, 
is  only  presumptive  ;  it  is  not  positive  as  to  fracture  of  the  base  of  the  skull 
through  its  petrous  portion,  nor  indeed  of  any  intracranial  injury  Avhatever. 
Copious  hfemorrhage  from  the  ear  to  the  extent  of  many  ounces  has  been 
lcno\vii  to  occur  from  a  fracture  of  the  anterior  and  inferior  part  of  the  meatus 
auditorius  externus,  in  consequence  of  the  condyle  of  the  lower  jaw  being 
forcibly  driven  up  against  it,  the  jaw  itself  having  been  ft-actured. 

HBemorrhage  into  the  Areolar  Tissue  of  the  Orbit  and  Eyelid- 
giving  rise  to  extensive  ecchymosis  of  the  lid,  possibly  with  protrusion  of  the 
eyeball  itself,  often  accompanies  fracture  of  the  orbital  plate  of  the  frontal 
bone.  The  ecchymosis  that  occurs  in  these  cases  arises  fi'om  the  filtration  of 
blood  from  the  interior  of  the  skull,  through  the  fracture,  into  the  loose 
areolar  tissue  adjacent  to  the  injured  bone.  It  differs  remarkably  in  appear- 
ance from  an  ordinary  black  eye.  In  the  latter  case,  the  extravasated  blood 
lies  in  the  subcutaneous  tissue  immediately  beneath  the  skin,  and  sometimes 
the  skin  of  the  lids  is  also  bruised,  giving  them  a  reddish-purple  colour ; 
but  the  blood  does  not  find  its  way  to  the  sub-con junctival  tissue,  being  shut 
ofi"  by  the  attachment  of  the  palpebral  ligament  to  the  margin  of  the  orbit. 
In  the  ecchymosis  fi'om  fracture  the  extravasated  blood  advances  fi'om  the 
orbit,  and  is  shut  off  from  the  subcutaneous  tissue  of  the  lids  by  tlie  palpebral 
ligament,  while  it  readily  finds  its  way  beneath  the  conjunctiva.  In  the  more 
severe  cases  the  lids  may  be  tense,  greatly  swollen,  and  of  a  bluish-purple 
colour,  the  sub-conjunctival  tissue  may  be  distended  with  blood,  and  the  eyeball 
distinctly  protruded.  It  is  only  when  abundant  that  subconjunctival  hfemor- 
rhage is  of  any  value  in  the  diagnosis  of  fracture.  A  small  extravasation  may 
be  the  result  of  a  direct  blow  on  the  eyeball,  or  a  conjunctival  vessel  may  have 
ruptured  during  the  violent  exertion  which  may  have  accompanied  the 
accident.  In  well-marked  cases  the  liasmorrhage  may  be  venous  or  arterial. 
"When  venous,  it  probably  arises  from  a  ft-acture  implicating  the  body  of  the 
sphenoid  bone,  and  tearing  the  wall  of  the  cavernous  sinus.  "Wlien  arterial, 
it  may,  as  Hewett  has  shown,  be  the  forerunner  of  a  cicrumscribed  traumatic 
aneurism  of  the  orbit. 

Bleeding  from  the  Hose  or  Mouth  may  of  course  arise  from  any 
injury  of  these  parts  without  the  skull  being  implicated  ;  yet  in  some  cases  of 
fracture  of  the  skull  the  hfemorrhage  proceeds  fi'om  the  interior  of  the 
cranium,  thi'ough  a  fissure  in  the  roof  of  the  nasal  fossa  ;  it  then  indicates  a 
fracture  through  the  ethmoid  and  sphenoid  bones.  In  a  patient  of  mine  Avho 
died  five  weeks  after  an  injury  of  the  head,  accompanied  by  l)leeding  from 
the  nose,  a  fracture  was  found  extending  across  one  orbital  plate  of  the 
frontal  bone,  and  separating  its  articulation  with  the  ethmoid.  In  this  case, 
the  nature  of  the  injury  was  suspected  from  the  fact  of  the  nose  itself  having 
been  uninjured  by  the  blow,  although  the  ha3morrhage  from  it  was  very 
considerable  and  continuous  ;  for  it  is  in  the  quantity  and  duration  of  this 
ha3morrhage  that  its  value  as  a  diagnostic  sign  consists. 

Vomiting  of  Blood  may  occur  in  these  cases,  from  the  blood  liaving 
found  its  way  through  the  fractured  ethmoid  or  sphenoid  down  the  nose  and 
through  the  posterior  nares  into  the  pharynx  and  stomach.  The  vomited 
blood  is  dark,  gi-umous,  and  mixed  with  the  contents  of  the  stomach.  In 
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some  rare  cases,  in  which  tlie  petrous  portion  of  the .  temporal  bone  is 
fractured,  and  the  middle  ear  opened,  but  without  injury  to  the  tympanic 
membrane,  no  bleeding  from  the  external  ear  ensues,  but  the  blood  escapes 
into  the  pharynx  through  the  Eustachian  tube.  In  some  cases  there  may  be 
a  combination  of  these  different  signs.  Thus,  in  a  patient  of  mine  at  the 
Hospital,  there  was  hsemorrhage  into  the  left  orbit  and  fi'om  the  left  nostril, 
AVith  copious  vomiting  of  blood,  and  bleeding  from  the  right  ear,  following  a 
blow  upon  the  forehead.  The  diagnosis  which  was  verified  after  death,  was  a 
fissure  of  the  skull  extending  through  the  left  orbital  plate  of  the  frontal 
bone,  the  ethmoid,  and  probably  the  sphenoid  on  that  side,  and  a  fracture  of 
the  petrous  portion  of  the  right  temporal  bone. 

2.  The  Discharge  of  a  thin  Watery  Fluid  from  the  interior  of  the 
skull  sometimes  occurs  ;  and,  when  it  does,  it  is  the  most  certain  sign  of 
fracture  of  the  base  that  we  possess.  Although  the  occurrence  of  a  discharge 
from  the  ear  after  certain  injuries  of  the  head  had  been  observed  by  Van  der 
Wiel,  O'Halloran,  and  Dease,  in  the  early  part  and  middle  of  the  last  century, 
no  attention  was  paid  to  the  subject  by  later  surgical  writers  ;  and  it  appears 
to  have  been  completely  lost  sight  of  until  Laugier,  in  1839,  again  directed 
the  attention  of  Surgeons  to  this  interesting  phenomenon.  Since  this  period, 
it  has  been  often  observed  and  attentively  studied ;  and  the  nature  and 
sources  of  the  discharge  have  been  particularly  investigated  by  Laugier, 
Chassaignac,  Robert,  Guthrie,  and  Sir  P.  Hewett.  The  discharge  usually  takes 
place  through  the  ear,  but  it  may  occur  from  the  nose  ;  I  have  seen  cue 
instance  of  this,  and  Robert  mentions  another.  Still  more  rarely  it  takes 
place  from  a  wound  in  the  scalp  communicating  with  the  fracture.  Cases  of 
this  kind  have  been  described  by  Hey,  O'Callaghan,  Robert,  Hewett,  and  other 
Surgeons.  One  such  instance  was  cormnunicated  to  me  by  one  of  the  pupils 
of  University  College,  a  few  years  ago.  A  boy  received  a  wound  on  the  back 
of  the  head,  with  a  depressed  and  comminuted  fracture  of  the  skull.  On  the 
nineteenth  day  after  the  receipt  of  the  injury,  a  large  quantity  of  serous  fluid 
began  to  escape  through  the  wound,  and  continued  to  do  so  profusely  until 
his  death  from  coma  four  days  later. 

This  watery  discharge  is  an  exceedingly  valuable  though  most  serious  sign  ; 
and  Robert,  who  investigated  this  phenomenon  with  much  closeness,  stated 
that  the  cases  in  which  it  happens  always  terminate  fatally.  This,  however, 
is  an  error ;  for  a  number  of  cases  have  occurred  at  the  University  College 
Hospital  and  elsewhere,  in  which  adult  patients  recovered,  although  many 
ounces  of  fluid  were  discharged  fi-om  the  ear.  It  is  usually  associated  with 
symptoms  indicative  of  serious  injury  to  the  base  of  the  brain  ;  but  to  this 
there  are  also  exceptions,  for  I  have  seen  it  in  cases  of  injury  of  the  head, 
unaccompanied  by  any  severe  cerebral  symptoms.  Most  generally  it  occurs  in 
young  people.  Robert  says  that  it  does  so  invariably  ;  but  Hewett  states  that 
in  most  of  the  instances  in  which  he  has  seen  it  the  patients  were  above  thirty 
years  of  age.  In  one  of  my  cases,  the  patient  was  fifty-eight  years  of  age  ; 
and  in  six  other  instances  in  which  I  have  observed  it,  the  patients  were  all 
adults.  In  all  cases  of  recovery  that  I  have  witnessed,  some  deafness  of  the 
ear  from  which  the  discharge  occurred  has  been  left,  though  this  does  not 
seem  to  be  an  invariable  consequence  of  the  injury. 

The  Quantity  of  fluid  that  is  thus  discharged  is  always  very  considerable, 
the  pillow  usually  becoming  soaked  by  it,  which  may  be  the  first  thino-  to 
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attract  attention  to  it.  It  is  often  necessary  to  keep  a  piece  of  sponge  or 
pledget  of  lint  agaiust  the  ear,  in  order  to  prevent  the  fluid  from  wetting  the 
patient  as  it  trickles  out  ;  and,  if  a  cup  be  so  placed  as  to  collect  it,  an  ounce 
or  two  will  speedily  accumulate.  Laugier  states  that  he  has  seen  a  tumblerful 
discharged  in  a  short  time,  and  as  much  as  twenty  ounces  have  been  known  to 
he  poured  out  in  three  days.  The  flow  is  usually  continuous  for  sevei-al  day.-, 
after  which  it  ceases.  At  first  the  fluid  that  is  discharged  is  usually  tinged 
with  blood,  but  this  soon  ceases,  and  it  then  flows  clear.  Its  phi/sical  ami 
ohemiml  characters  are  those  of  a  perfectly  clear,  limpid,  and  watery  fluid, 
containing  a  considerable  quantity  c»f  chloride  of  sodium,  witii  a  little  albumen 
in  solution,  and  a  trace  of  sugar.    It  is  not  coagulable  by  heat  or  nitric  acid. 

The  Source  of  this  Discharge  has  been  the  subject  of  much  speculation. 
Laugier  behcved  it  to  be  the  serum  of  the  blood  filtered  through  a  crack  in  the 
petrous  portion  of  the  temporal  bone,  and  so  through  the  ruptured  membrana 
tympani.  This  explanation,  however,  is  evidently  not  correct  ;  for  not  only  is 
blood  extravasated  in  the  living  body  incapable  of  this  species  of  rapid  and 
complete  filtration,  but  the  fluid  differs  altogether  in  chemical  composition 
from  the  serum  of  the  blood  ;  for  it  contains  a  mere  trace  of  albumen  and 
double  the  quantity  of  chloride  of  sodium.  By  others  it  has  been  supposed 
that  the  fluid  is  furnished  by  the  internal  ear,  being  a  continuous  discharge  of 
the  liquor  Cotunnii  ;  but  the  large  quantity  of  it,  and,  above  aU,  the  fact 
of  its  occasionally  escaping  through  the  nose,  demonstrate  the  fallacy  of  this 
explanation.  Again  it  has  been  supposed,  but  without  sufficient  evidence,  that 
the  cavity  of  tlie  arachnoid  fm-nishes  this  secretion.  But  the  arachnoid  doe? 
not  secrete  sufficiently  to  furnish  the  quantity  of  fluid  discharged  ;  and  if  this 
membrane  were  irritated  and  the  secretion  increased,  it  would  become  opaque 
Irom  lymph  or  pus  mixed  with  it.  I  think,  mth  Eobert,  that  there  can  be 
no  doubt^hat  this  discharge,  in  most  cases  at  least,  is  cerebro-spmal  fluid: 
l^or  not  only  is  it,  in  appearance  and  chemical  composition,  identical  with  this 
liquid,  but  there  is  no  other  source  within  the  skull  than  the  pia  mater  which 
can  yield  with  equal  rapiditv  so  large  a  quantity  of  fluid  ;  expernnents  on 
•mimals  havino-  shown  that  the  cerebro-spinal  fluid  is  rapidly  reproduced  afler 
its  evacuation.  An  additional  proof  of  the  identity  of  this  discharge  with  the 
oerebro-spinal  fluid  is  to  be  found  in  the  fact  pointed  out  by  C.  Bernard, 
that  they  both  contain  a  trace  of  sugar.  In  order  that  the  fluid  be  dis- 
charo-ed  the  membranes  of  the  brain  must  have  been  torn  opposite  the  outlet 
by  which  it  is  poured  forth,  in  sucli  a  way  as  to  open  up  the  sub-arachnoid 
space  This  has  actually  been  ascertained  to  be  the  case,  by  carefully  con- 
ducted dissections.  When  it  is  discharged  through  the  ear,  the  laceration, 
as  Berard  has  remarked,  must  have  extended  through  the.  cul-de-sac  of  the 
arachnoid  which  is  prolonged  around  the  auditory  nerve  m  the  intenial 
auditory  canal.  When  it  is  poured  out  through  the  nose,  the  fracture  has 
m-obably  extended  through  the  cribriform  plate  of  the  ethmoid  bone,  and  laid 
open  the  prolongation  of  arachnoid  that  surrounds  the  filaments  of  the 

olfactory  nerve.  ,  .  j- 

The  diagnostic  value  of  watery  discharge  from  the  ear  vanes,  accordmg  to 
Sir  Prescott  Hewett,  with  its  relation  to  the  haemorrhage  which  may  occur, 
ire  divides  cases  of  watery  discharge  from  the  ear  after  injuries  of  the  head 
into  three  classes.    In  the  first  class,  the  discharge  is  watery  fi-om  the  first.  ]| 
and  abundant,  being  preceded  by  little  or  no  blood,  andbcgmning  immediately 
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after  the  accident.  This  is  undoubtedly  cerebro-spinal  fluid,  which  escapes 
through  a  fracture  of  the  petrous  bone  imphcating  the  internal  auditory  canal. 
In  the  second  class,  there  is  copious  and  prolonged  bleeding  from  the  ear, 
followed  by  the  watery  discharge.  Here,  too,  there  is  fracture  of  the  petrous 
bone  ;  but  its  exact  situation  is  uncertain.  In  these  cases,  the  diagnosis  will 
rest  upon  the  prolonged  htemorrhage,  rather  than  on  the  watery  discharge. 
In  the  third  class,  there  is  but  little  bleeding  after  the  injury,  and  the  watery 
discharge,  which  is  variable  in  quantity,  varies  also  in  the  time  of  its  appear- 
ance. In  these  cases  the  diagnosis  must  remain  doubtful.  Hewett  mentions 
two  cases  which  occurred  at  St.  George's  Hospital  in  which  a  copious  watery 
discharge  flowed  from  the  ear.  In  neither  of  these  was  any  fracture  of 
the  petrous  portion  of  the  temporal  bone  found  after  death.  In  one  the 
membrana  tympani  was  ruptured,  and  the  cavity  of  the  tympanum  was 
"intensely  vascular;"  in  the  other,  "the  discharge  was  connected  with  a 
fracture  of  the  lower  jaw  just  below  the  condyle  :  the  lo^ver  fragment  had 
perforated  the  wall  of  the  meatus  auditorius." 

The  facial  nerve  may  be  so  injured  by  a  fi^acture  of  the  petrous  portion  of 
the  temporal  bone  as  to  become  paralysed  at  the  time  of  the  accident.  But 
more  fi-equently  paralysis  of  this  nerve  does  not  come  on  until  a  later  period, 
about  the  second  or  third  week  after  the  injury,  and  disappears  after  lasting 
about  a  month.  This  transient  facial  paralysis,  accompanying  some  fractures 
of  the  base  of  the  skuU,  has  been  attributed  by  Marshall  to  the  pressure  of 
inflammatory  exudation,  which  gradually  becomes  absorbed  as  the  fracture 
unites,  and  thus  the  compression  of  the  nerve  is  removed  after  a  time. 

Treatment. — In  the  treatment  of  fracture  of  the  base  of  the  skull  it  must 
not  be  forgotten  that  whenever  bleeding  appears  externally,  the  fracture  is 
compound,  and  that  decomposition  of  the  discharges,  with  consequent  septic 
meningitis,  forms  one  of  the  gi'eatest  dangers  of  the  case.  Fortunately,  how- 
ever, in  a  large  proportion  of  cases  the  dura  mater  is  intact,  and  consequently 
the  danger  is  greatly  diminished.  In  fractures  implicating  the  ethmoid  and 
sphenoid  bones,  with  haemorrhage  from  the  nose,  little  can  be  done  to  prevent 
decomposition  ;  but  the  nasal  fossae  may  be  washed  out  with  some  antiseptic 
solution  to  remove  decomposing  clots  or  discharge,  and  some  iodoform  should 
be  blown  into  the  cavity  as  high  up  as  possible.  In  fractures  affecting  the 
tympanum,  with  rupture  of  the  membrana  tympani,  the  prevention  of  decom- 
position is  more  hopeful,  although  the  Eustachian  tube  communicating  with 
the  upper  part  of  the  pharynx  causes  some  degree  of  uncertainty.  Yet,  as  it 
is  lined  with  ciliated  epithelium,  it  is  quite  possible  that  the  causes  of  decom- 
position may  not  reach  the  fracture  by  that  route.  The  ear  should  in  such 
cases  be  carefully  syringed  out  with  a  solution  of  carbolic  acid  in  water 
(1  in  30),  after  which  some  iodoform  may  be  blown  on  to  it.  It  may  then  be 
plugged  either  with  carbolic  gauze  or  iodoform-wool,  a  larger  pad  of  the  same 
material  being  placed  outside  and  secured  by  a  bandage.  The  syringing  must 
be  gently  done,  and  the  carbolic  solution  should  not  be  too  strong,  or  it  may 
cause  some  inflammation  in  the  middle  ear.  The  dressing  must  be  changed 
as  often  as  may  be  necessary.  In  other  respects  the  treatment  of  fracture  of 
the  base  of  the  skull  must  be  conducted  on  those  general  principles  that  guide 
us  in  the  management  of  simple  fi-actures  ol'  the  cranium,  such  as  ice  to  the 
shaved  head,  a  calomel  purge,  low  diet,  and  absolute  quietude  in  a  darkened 
room.    In  many  cases,  the  brain  is  so  injured  in  its  most  vital  parts  that 
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speedy  death  is  the  result.  When  recovery  takes  place,  it  is  necessarily  slow 
and  liable  to  retardation  from  meningitis  of  an  acute  or  sulj-acute  aud  chronic 
character. 

Depressed  Fracture  of  the  Skull.— It  occasionally  though  very  rarely 
happens  that,  in  consequence  of  a  blow,  a  portion  of  the  skull  is  depressed 
without  being  fractured,  and  even  without  any  serious  cerebral  symptoms 
occurring.  Huch  depression  without  fracture  can,  however,  occur  only  in 
children,  whose  skulls  are  soft  and  yielding.  In  adults  it  cannot  happen 
without  the  occurrence  of  partial  or  incomplete  fracture.  Many,  if  not  all, 
of  the  so-called  "  congenital  depressions"  that  are  met  with  in  the  skull  are 
the  result  either  of  violence  inflicted  on  the  cranium  at  birth,  usually  in 
instrumental  labours,  or  of  falls  and  blows  upon  the  head  in  early  infancy. 
Such  depressions  are  smooth,  concare,  and  sometimes  symmetrical,  and  present 
very  different  characters  from  the  irregular  outline  of  an  ordinary  fracture. 
They  never  present  the  characters  of  a  fissure  ;  there  ^  no  such  thing  as  a 
congenital  fissm'e  of  the  skull. 

In  the  Diagnosis  of  depressed  fracture,  it  is  important  to  remember  that 
the  apparent  depression  produced  by  an  extravasation  under  the  scalp  may 
simulate  this  injury  very  closely.    (See  p.  722.) 


Fig.  31.3. -Frafituie  of  tlie  Skull  from  Ouu-Siluit  Fig.  :)14.— The  same,  natural  size. 

Injury  from  witliiu  :  Siiliiiteriug  of  Outer  Tuble. 

Varieties.— Depressed  fractures  of  the  skull  may  either  be  simple,  without 
wound  of  the  scalp  ;  compound  ;  or  comminuted.  In  the  majority  of  cases, 
whether  the  fracture  be  simple  or  compound,  there  is  comminution  of  the  bone ; 
the  fragments  being  perhaps  driven  into  the  brain. 

Sometimes,  though  very  i-arely,  the  external  table  alone  is  depressed  and 
driven  into  the  di'ploe.  Over  the  frontal  sinuses,  it  may  be  broken  in,  as  I 
have  seen  happen  from  the  kick  of  a  horse,  without  the  inner  table  bein^ 
splintered,  or  any  bad  consequence  ensuing. 

The  inner  table  may  be  fractured  without  any  ap]>arent  injury  to  the 
outer  table  :  and  it  may  not  only  be  so  fractured,  but  a  portion  of  it  may  be 
depressed,  without  the  outer  table  being  injured  (Figs.  815,  316). 

In  all  ordinary  depressed  fi-actnres,  both  tables  are  depressed,  but  the 
internal  table  is  splintered  to  a  greater  extent  than  the  external  one.  This  is 
especially  the  case  when  the  fracture  is  the  result  of  gun-shot  injury,  or  when 
it  has  been  occasioned  by  blows  with  a  pointed  weapon,  as  the  end  of  a  pick, 
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or  a  large  nail,  or  the  sharp  angle  of  a  brick.  In  these  latter  fractures,  which 
constitute  the  dangerous  variety  termed  Punctured,  the  outer  table  may  be 
merely  perforated  or  fissured,  whilst  the  inner  is  sphntered  into  numerous 
fragments,  for  the  extent  of  a  square  inch  or  more.  This  sphntering 
of  the  inner  lamina  of  the  skull  to  a  greater  extent  than  the  outer  has 
attracted  much  attention,  being  of  considerable  practical  moment.  It  is  often 
said  to  be  owing  to  its  being  more  brittle  than  the  external  table.  This, 
however,  I  do  not  consider  to  be  the  only  cause,  for  if  the  force  be  applied  in 
the  opposite  direction  the  outer  table  will  be  found  to  be  more  extensively 
splintered  than  the  inner.  It  is  seldom  that  we  have  an  opportunity  of 
examining  such  a  case  ;  but,  some  years  ago,  a  man  was  brought  to  the 
Hospital  who  had  discharged  a  pistol  into  his  mouth  and  upwards  through 
the  brain.  The  bullet  had  perforated  the  palate  and  passed  out  at  the  upper 
part  of  the  cranium,  near  the  vertex.  On  examining  the  state  of  the  bones, 
it  was  found  that  the  outer  table  of  the  skull  was  splintered  to  a  considerably 
greater  extent  than  the  inner  one,  showing  clearly  the  influence  of  the 
direction  of  the  fracturing  force  (Figs.  :-3l3,  314).  This  case  led  me  to  make 
further  experiments  on  the  dead  body  ;  and  I  found  that  the  outer  table  is 
always  more  splintered  when  the  blow  is  struck  from  the  inside  of  the  skull 
outwards.  Tcevan,  as  the  result  of  numerous  experiments  by  firing  bullets 
and  driving  pointed  bodies  through  the  skull,  came  to  the  same  conclusion  that 
under  all  circumstances  the  aperture  of  exit  is  the  larger.  This  effect  is  pro- 
duced by  three  causes  :  1st,  the  bullet  or  pointed  instrument  loses  some  of  its 
momentum  in  passing  through  the  first  table  with  which  it  comes  in  contact, 
and  thus  does  not  make  so  clean  a  puncture  in  the  second ;  2nd1y,  if  the  instru- 
ment be  a  blunt  body,  such  as  a  bullet,  it  drives  before  it  fragments  of  the 
first  table  it  passes  through,  and  thus  the  aperture  of  exit  is  made  by  the  ball 
plus  these  fragments,  and  the  blow  being  more  diffused  splinters  the  second 
table  more  widely ;  lastly,  the  first  table  penetrated  is  well  supported  by  the 
second,  while  the  second,  supposing  it  to  be  the  inner,  has  only  the  imperfect 
support.of  the  soft  brain.  That  this  last  is  an  unportant  cause  we  may  see  from 
the  familiar  illustration  of  driving  a  nail  through  a  board.  If  the  board  is 
unsupported  on  its  under  side  the  nail  will  probably  carry  before  it  large 
sphnters  from  that  surface  as  it  passes  through  the  wood.  But  if  the  same 
board  is  supported  on  a  block  of  Avood  and  the  nail  driven  through,  then  the 
apertm-e  of  exit  will  be  as  small  as  that  of  entry.  It  occasionally  happens  as 
the  result  of  sabre-  or  hatchet-cuts  on  the  head  that  a  longitudinal  incised 
fracture  occurs,  in  which  the  outer  table  is  merely  notched,  whilst  the  inner 
one  is  splintered  along  the  whole  line  of  the  blow.  This  is  in  point  of  fact  au 
elongated  punctured  fracture,  and  the  wide  area  of  sphntering  of  the  inner 
I  table  is  due  to  the  same  cause  as  when  a  nail  is  driven  in.  In  other  cases, 
i  again,  a  portion  of  the  skull  is  completely  sliced  off,  hanging  down  in  a  flap 
'  of  the  scalp,  and  exposing  the  brain  or  its  membranes. 

A  special  and  very  important  kind  of  punctured  and  depressed  fracture  is 
that  in  which,  by  the  thrust  of  a  stick,  umbrella,  or  other  blunt-ended  body 
into  the  orbit,  the  orbital  plate  of  the  frontal  bone,  or  the  cribriform  lamella 
of  the  ethmoid,  is  perforated,  and  the  dura  mater  or  brain  wounded.  In  such 
cases  there  is  sometimes  no  external  wound,  the  stick  having  passed  up 
under  the  upper  eyelid  ;  and  it  is  conceivable  that  the  same  result  might  be 
produced  even  by  a  thrust  up  the  nostril.   Death  results  either  from  wound  of 
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the  cavernous  sinus  and  intracranial  extravasation  of  blood,  or  from  septic 
meningo-encephalitis  following  the  wound  of  the  dura  mater  and  brain. 

It  is  very  important  to  observe  that  tlie  inner  table  may  he  very  extensively 
fissured  and  depressed,  tviihout  any  fracture  of  the  outer  table.  Of  this 
remarkable  injury  twenty  cases  are  recorded  as  having  happened  in  the 
American  civil  war.  One  recovered,  the  diagnosis  being  made  by  finding 
the  splintered  inner  table  in  a  sequestrum  which  was  removed.  The  rest 
died  of  intracranial  mischief,  and  the  diagnosis  was  not  made  during  life. 
Most  commonly  when  the  inner  table  is  thus  fractured  or  depressed  the  outer 
table  is  fissured.    The  accompanying  cuts  (Figs.  315,  316),  taken  from  photo- 


Fig.  315.    B.vte.rnal  Table  Slightly  Depressed.  Fig.  31ii.— Internal  Table  Depressed  and  Fissured. 


graphs,  of  a  preparation  in  the  Army  Medical  Museum,  Washington,  represent  a 
case  of  extensive  gun-shot  fracture  with  depression  of  the  inner  table  of  the  left 
parietal  bone  without  fracture  of  the  external  table.  The  patient  was  struck 
obliquely  on  the  side  of  the  head  by  a  musket-ball,  which  inflicted  a  scalp- 
wound.  There  was  no  sign  of  cerebral  disturbance  until  two  days  after 
the  injury,  when  symptoms  of  compression  set  in.  The  skull  was  carefully 
examined  through  the  wound  for  fracture  ;  none  could  be  found.  The 
symptoms  of  coma  increased  and  proved  fatal  on  the  tenth  day,  when  the 
inner  table  of  the  left  parietal  bone  was  found  extensively  staired  and 
depressed  (Fig.  310),  without  any  fracture  of  the  outer  table  (Fig.  315). 
Tliere  was  a  wound  of  the  dura  mater  and  an  abscess  in  the  cerebi-al  liemisphere 
— in  fact,  all  the  appearances  and  sequences  of  an  ordinary  "punctured 
fracture."  This  case  demonstrates  clearly  the  possibility  of  extensive  fracture 
with  depression  of  the  inner  table,  whilst  the  outer  remains  unbroken. 

The  Symptoms  of  a  depressed  fracture  of  the  skull  are  of  two  kinds  :  tliose 
that  are  dependent  upon  the  injury  to  the  bone,  and  those  that  result  from  the 
concomitant  compression  or  laceration  of  the  brain. 

When  the  scalp  is  not  wounded,  the  depression  may  sometimes  be  felt ;  but 
very  commonly  it  is  masked  by  extravasation  of  blood  about  it.  In  all  cases  of 
doubt,  when  symptoms  of  compression  of  the  brain  exist  (p.  751),  an  incision 
should  be  made  through  the  scalp  at  the  seat  of  injury,  and  the  state  of  the  skull 
examined.  When  there  is  a  wound  in  the  scalp  communicating  with  the  frac- 
ture, the  Surgeon  detects  at  once  the  existence  of  depression  and  comminution 
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by  examiuing  the  bone  with  his  finger  through  the  wound.  When  the  fragments 
that  are  depressed  are  impacted  and  firmly  locked  together,  so  as  to  form  an 
unyielding  mass,  symptoms  of  compression  of  the  brain,  to  a  more  or  less 
marked  degi-ee,  may  result.  But  if  the  fracture  be  very  extensive,  and  the 
fragments,  though  somewhat  depressed,  lie  loose,  and  if  they  be  yielding  and 
do  not  exercise  a  continuous  pressure  on  the  brain,  it  occasionally  happens 
that  the  symptoms  of  compression  are  entirely  wanting,  and  no  cerebral  dis- 
turbance comes  on  for  some  days,  even  though  the  injury  be  very  extensive. 
A  man  twenty-four  years  of  age  was  admitted  into  University  College  Hospital, 
ha\dng  been  struck  on  the  forehead  with  the  sharp  edge  of  a  quoit.  The  frontal 
bone  was  extensively  comminuted,  twelve  fragments  being  removed,  and  the 
dura  mater  being  exposed  to  a  considerable  extent  ;  yet  no  bad  symptoms 
occun-ed  until  the  ninth  day,  when  inflammation  of  the  brain  and  its  mem- 
branes set  in,  and  he  speedily  died. 

In  other  cases  again,  more  especially  in  children  and  young  persons,  m 
whom  the  bones  are  soft  and  yielding,  fracture  with  depression  may  exist  to  a 
considerable  extent,  without  any  symptom  of  compression  being  produced,— 
the  patient  living  with  a  portion  of  his  skull  permanently  beaten  in.  I 
have  several  times  seen  persons  in  after-life  with  large  flat  depressions  of 
the  skull,  the  result  of  injuries  sustained  in  childhood,  who  presented  no 
signs  of  cerebral  disturbance.  It  is  rare,  however,  to  meet  with  a  recent 
case  of  depressed  fracture  in  the  adult  without  signs  of  compression  of  the 
brain.  But,  though  rare,  it  is  not  impossible  ;  and  Green  mentions  the  case 
of  a  man  whose  skull  was  depressed  to  the  extent  of  the  bowl  of  a  dessert- 
spoon, without  any  symptoms  of  compression. 

When  the  signs  of  compression  are  well  marked,  it  must  not  be  assumed 
that  the  pressure  caused  by  the  depressed  fragments  of  bone  is  in  all  cases 
the  sole  or  even  the  chief  cause  of  the  symptoms.  It  is  scarcely  possible 
for  a  man  to  sufPer  from  a  severe  depressed  fracture  without  serious  bruising 
and  laceration  of  the  brain-substance  beneath  and  a  more  or  less  extensive  in- 
tracranial extravasation  of  blood.  Both  these  conditions  are  important  factors 
in  producing  the  symptoms.  The  celebrated  case  so  often  quoted,  in  which 
Cline  trephined  a  man  who  had  been  unconscious  for  thirteen  montlis  after 
a  fall  on  the  head,  which  caused  a  slight  depression  in  the  skull,  restoring 
him  almost  immediately  to  consciousness,  will  hardly  bear  investigation.  The 
man  had  been  pressed  into  the  na^^,  and  was  consequently  likely  to  feign 
disease  to  escape  from  it,  and  there  are  many  cases  of  malingering  on  record 
quite  as  extraordinary  as  his.  During  the  whole  period  of  his  "  insensibility  " 
he  was  able  to  make  signs  with  his  "  lips  and  tongue  "  when  he  wanted  food. 
This  fact  alone  would  be  sufficient  to  throw  the  gravest  doubts  upon  the 
genuineness  of  the  case. 

Wounds  of  the  Dura  Mater. — The  great  danger  in  cases  of  depressed 
and  comminuted  fracture  arises  not  only  from  the  compression  of  the  brain, 
but  from  the  rapidity  witli  which  inflammation  (p.  776)  so  frequently  follows 
the  injury.  This  is  due  partly  to  the  sharp  fragments  wounding  and  irritating 
the  membranes  of  the  brain,  but  chiefly  to  the  septic  matter  which  almost 
inevitably  forms  within  the  skull  after  these  injuries,  unless  efficient  means  are 
taken  to  prevent  it.  In  a  compound  depressed  fracture  the  conditions  present 
are  as  foUows  ;  Sharp  fragments  of  the  inner  table  are  lying  pressed  against 
the  dura  mater,  or  possibly  penetrating  it,  and  opening  the  arachnoid  cavity 
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and  subarachnoid  space  and  wouiulinf^  the  brain  ;   the  fragments  are  sur- 
rounded by  more  or  less  extravasated  blood,  and  in  a  few  hours  a  considerable 
amount  of  inflammatory  exudation  will   necessarily  be  added.     All  this 
decomposable  material  is  in  communication  with  the  air  through  the  lissures 
in  the  bone,  and  at  the  same  time  these  fissures  allow  of  but  imperfect 
drainage  from  within  the  cavity  of  the  skull.    Consequently,  the  decomposing 
discbarges  are  pent  up  and  burrow  within  the  cranial  cavity.    If  the  dura 
mater  were  not  wounded  at  the  time  of  the  accident,  it  Avill  inevitably  lie  soon 
perforated  by  ulceration  at  the  point  at  which  the  sharp  fragments  of  the 
inner  table,  bathed  in  putrid  pus,  are  pressing  against  it.    In  either  case, 
the  arachnoid  cavity  is  opened  and  the  septic  matter  diffuses  itself  widely 
within  it,  giving  rise  to  the  usual  symptoms  with  the  fatal  termination 
characteristic  of  meningo-encephalitis.    If  the  fragments  are  removed  early 
and  the  external  wound  is  left  open  so  as  to  provide  perfect  drainage  from  within 
the  skull,  the  dangers  of  secondary  perforation  of  the  dura  mater  are  very 
slight ;  and  even  should  that  membrane  have  been  wounded  at  the  time  of  the 
•accident  the  patient  has  a  fair  chance  of  escaping  diffuse  meningitis  ;  for  healthy 
inflammation  with  adhesion  of  the  arachnoid  may  occur  ■\\athin  a  few  hours, 
and  thus  present  a  barrier  to  the  diffusion  of  any  septic  matter  that  may  fonn 
afterwards.    If,  with  the  removal  of  sharp  fragments  and  the  provision  of 
good  drainage,  we  combine  some  perfect  method  of  antiseptic  treatment  of 
the  wound,  the  patient's  dangers,  though  still  great,  will  be  most  materially 
diminished.     Indeed,  a  wound  of  the  dura  mater,  however  sHght,  is  a 
dangerous  complication.    This  is  more  especially  the  case  in  those  injuries  in 
which  the  inner  table  is  extensively  splintered,  as  in  the  different  forms  of 
punctured  fracture.    In  these  cases  there  may  be  no  signs  of  compression  ; 
but  inflammation  speedily  sets  in,  and  proves  certainly  fatal  if  the  sharj) 
spicula  are  not  removed  and  good  drainage  provided  for  such  disciiarges  as 
may  form  within  the'  cranium.    In  cases  which  are  not  thus  relieved,  the  dura 
mater  after  death  is  found  to  be  sloughy,  and  covered  with  a  thick  layer  of 
puriform  inflammatory  exudation  ;  whilst  the  usual  evidences  of  meningo- 
encephalitis are  found  in  the  other  membranes  anii  the  brain.    Wounds  of  the 
dura  mater,  though  dangerous,  are  frequently  recovered  from.    In  militaiy 
practice  it  has  often  happened  that,  as  the  result  of  sabre-cuts,  portions  of 
the  skull  have  been  sliced  or  split  down,  the  subjacent  membranes  and  the 
brain  itself  being  wounded,  and  yet  a  good  recovery  has  resulted  ;  and  I  have 
had  several  cases  under  my  own  care  in  which,  though  the  dura  mater  litis 
been  punctured  by  spicula  of  depressed  bone,  and  portions  of  brain  lost, 
the  patients  have  quickly  recovered.    In  many  of  the  cases  the  injury  has 
been  such  as  to  provide  efficiently  for  drainage  of  the  wound  without  the 
interference  of  the  Surgeon. 

The  Treatment  of  a  depressed  fracture  of  the  skull  varies  according  to 
the  nature  of  the  injury — whether  it  is  simple  or  compound — and  according 
to  the  presence  or  absence  of  symptoms  of  comjiression  of  the  brain. 

In  the  case  of  a  Simple  Depressed  Tracture  without  symptoms  of 
compression  the  rule  of  treatment  generally  accejited  at  the  present  day  is  that 
reconmiended  by  Sir  A.  Cooper,  Aberncthy  ami  Dupuytren,  not  to  interfere 
with  it ;  and  there  are  many  cases  on  record  of  ])atients  in  whom  this  course  was 
adopted  who  have  recovered,  the  depression  continuing  permanent.  That  non- 
interference is  the  proper  course  to  pursue  in  some  cases,  more  particularly  in 
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children,  there  can  be  no  doubt.  T  have  had  under  my  care  a  child  in  whom, 
in  consequence  of  a  fall,  there  was  on  one  of  the  parietal  bones  a  depression 
as  large  as  a  crown-piece,  its  edges  being  sharply  defined  :  no  signs  of  com- 
pression or  of  inflammation  of  the  brain  ensued,  and  it  was  consequently  left 
^vithout  interference,  the  child  making  an  excellent  recovery,  and  continuing 
well.  Indeed,  in  children,  the  amount  of  injury  that  may  be  inflicted  on  the 
brain,  not  only  by  compression,  but  by  actual  laceration,  and  yet  be  followed 
by  recovery,  is  very  surprising. 

In  cases  of  sharply  depressed  fracture  in  the  region  of  the  cortical  motor 
centres  of  the  brain,  although  no  insensibility  or  general  paralysis  may  in- 
dicate severe  compression  of  the  brain,  there  may  be  a  local  paralysis  of  the 
face  or  of  one  limb,  or  aphasia  indicating  pressure  on  one  of  the  cortical  centres 
by  the  depressed  fragments  (p.  757).  Under  these  circumstances,  if  the  case 
be  left  to  nature  there  is  a  risk  of  the  patient's  becoming  epileptic  or  suflFering 
from  some  permanent  loss  of  power  in  the  paralysed  part.  The  depressed 
bone  should  therefore  be  exposed  by  an  incision  and  elevated,  and  if  this  be 
done  with  proper  antiseptic  precautions  the  operation  is  pi-actically  free  from 
danger. 

Should  symptoms  of  irritation  of  the  brain  or  meningitis  (p.  776)  develop 
after  a  few  days,  trephining  must  of  course  be  resorted  to  at  once. 

In  a  Simple  Depressed  Fracture  of  the  Skull  with  symptoms  of 
Compression  of  the  Brain  the  Surgeon  should  expose  the  depressed  bone 
by  a  fi-ee  incision  and  elevate  or  remove  it.  It  by  no  means  follows  however 
that  this  win  relieve  the  symptoms,  as  the  compression  in  almost  all  cases  is 
not  due  solely  to  the  depressed  bone,  but  chiefly  to  extravasated  blood  within 
the  cranium.  (See  Intracranial  Hagmorrhage,  p.  769).  StiU  the  operation 
must  reheve  some  degree  of  pressure,  and  may  enable  the  Sm-geon  to  remove 
the  extravasated  blood  at  the  same  time. 

In  a  Compound  Depressed  Fracture  of  the  Skull  without  symptoms 
of  Compression  of  the  Brain,  as  a  general  rule,  the  depressed  bone  should 
be  immediately  elevated.    If  carefully  performed  the  operation  cannot  possibly 
make  the  patient  any  worse,  as""  the  fracture  is  already  compound,  and  it  may 
save  him  from  many  dangers  and  complications.    This  rule  however  need  not 
be  interpreted  too  literally.    Even  in  persons  of  mature  age,  under  favourable 
circumstances,  bone  may  be  depressed  and  continue  so  without  giving  rise 
either  to  compression  of  the  brain  or  to  inflammation  of  its  membranes.  I 
had  once  under  my  care  a  case  which  illustrated  this  point  forcibly.  The 
patient,  a  middle-aged  man,  fell  on  his  head  into  an  area,  and  had  the  greater 
part  of  the  scalp  stripped  off  fi'om  the  anterior  part  of  the  head  and  the 
vertex  ;  on  the  upper  part  of  the  left  parietal  bone  was  a  starred  and  de- 
pressed fracture  as  large  as  a  florin.    As  the  depression  was  smooth,  not  more 
than  a  quarter  of  an  inch  in  depth,  and  there  was  no  symptom  of  compres- 
sion, I  drew  the  scalp  forwards  and  left  the  bone  untouched,  the  patient 
making  an  excellent  recovery,  without  any  symptom  of  intracranial  mischief. 
I  am  acquainted  also  with  a  gentleman  upwards  of  fifty  years  of  age,  who 
has  a  depression  in  the  parietal  bone  as  large  as  tlie  bowl  of  a  table-spoon,  the 
result  of  a  fracture  by  a  fall  from  a  horse  when  a  lad,  and  from  which  no  in- 
convenience has  resulted.    If,  therefore,  the  depression  be  nearly  uniform,  of 
inconsiderable  depth,  and  occupy  a  large  extent  of  skull,  which  is  depressed 
in  a  smooth  hollow  or  bowl-like  manner,  and  more  especially  if  the  patient  be 
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young,  the  Surgeon  may  leave  iL  aloue  rather  than  perform  a  serious  operation, 
perhaps  involving  trephining  the  skull  in  more  than  one  place.  If  the  depres- 
sion be  sharp,  deep,  and  comparatively  small  in  extent,  we  may  reasonably 
suspect  the  existence  of  considerable  splintering  of  the  inner  table  ;  and  here, 
undoubtedly,  the  projier  treatment  is  to  elevate  in  order  to  prevent  the  inflam- 
mation that  would  be  occasioned  by  the  irritation  of  the  splinters  of  the  inner 
table.  The  fear  of  septic  meningitis,  which  so  frequently  proved  fatal  after 
elevation  or  trephining,  led  many  Surgeons  to  recommend,  even  in  such  cases, 
an  expectant  plan  of  treatment.  The  military  Surgeons  of  the  early  part  of 
this  century  were  generally  in  favour  of  delay,  and  cases  may  be  found  in  the 
works  of  Guthrie,  Ballingall,  and  others,  in  support  of  this  practice  ;  and  it  is 
a  remarkable  circumstance  that,  in  many  of  these  instances  in  which  recovery 
resulted  in  cases  of  depressed  fracture  of  the  skull  which  were  not  subjected 
to  operative  interference,  the  patients  were  exposed  to  great  privations, 
possibly  during  a  hurried  retreat,  and  left  in  circumstances  apparently  the- 
most  unfavourable.  So  far  as  my  own  experience,  which  is  necessarily  iawn 
pm-ely  from  civil  practice,  is  concerned,  I  can  say  that,  with  the  exception  of 
the  case  that  has  just  been  referred  to,  I  do  not  recollect  ever  having  seen  a 
case  recover  in  which  a  compound  depressed  fracture  of  the  skull  occurring 
in  the  adult  had  been  left  without  operation. 

The  sooner  elevation  is  done  the  better.  Danger  does  not  arise  from  early 
operation,  but  ft'om  delay.  The  presence  of  depressed  and  spiculated  frag- 
ments pressing  into  the  dura  mater  must  speedily  induce  meningitis,  and 
inevitably  so  if  they  become  bathed  in  decomposing  discharges.  I  have  several 
times  trephined  primarily  in  such  circumstances  as  these  with  success,  and  have 
never  had  occasion  to  regret  doing  so.  Indeed,  there  is  no  class  of  cases  in 
which  the  operation  of  trephining  is  attended  by  such  successful  results  as  in 
those  of  depressed  and  comminuted  fractm-e.  Even  though  several  days  have 
elapsed  and  inflammation  has  set  in,  the  proper  treatment  will  be  to  remove 
the  depressed  and  splintered  bone,  and  thus  give  the  patient  his  only  chance — 
a  slender  one,  it  is  true — of  recovery.  A  man  was  admitted  under  Listen  with 
a  long  depressed  ft-acture  on  the  side  of  the  head,  produced  by  a  blow  from  a 
brickbat ;  though  no  sign  of  compression  existed,  yet  symptoms  of  cerebral 
inflammation  were  speedily  set  up,  and  Liston  trephined  him  on  the  fourth 
day  after  the  accident ;  the  man,  who  was  perfectly  conscious,  walking  into  the 
operating  theatre.  A  considerable  splintering  of  the  inner  table  Avas  found,  the 
fragments  of  which  were  removed.  The  dura  mater  having  been  punctured 
by  one  of  the  spicula  of  bone,  diffuse  suppuration  of  the  membranes  of  the  brain 
set  in,  and  t])e  patient  died  in  a  few  days.  In  this  case,  however,  the  necessity 
for  early  trephining  was  clearly  indicated,  notwithstanding  the  absence  of  any 
symptom  of  compression. 

In  Compound  Depressed  Fracture  of  the  Skull  witli  Symptoms  of 
Compression  of  the  Brain  it  is  the  duty  of  the  Surgeon  to  elevate  the  bone 
immediately.  In  these  cases  it  is  better  always  to  expose  the  dura  mater 
either  by  removing  some  fragments  or  by  means  of  the  trephine,  as  in  all 
probability  the  compression  is  in  great  part  due  to  intracranial  hajmoiThage 
which  may  be  between  that  memlirane  and  the  bone.  If  the  dura  mater 
should  seem  much  distended  with  blood  it  may  safely  lie  incised  with  proper 
antiseptic  precautions. 

Operation  of  Elevating  Depressed  Bone. — If  the  scalp  be  already 
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wounded,  all  that  need  be  done  to  ascertain  the  nature  of  the  fracture,  is  to 
pass  the  finger  very  gently  into  the  wound  and  thus  examine  the  bone.  After 
enlarging  the  wound,  if  necessary,  any  loose  fragments  should  be  picked  out, 
and  any  bone  that  is  driven  below 
its  level  must  be  raised,  and,  if 
completely  detached,  removed. 
■  In  order  to  raise  these  depressed 
portions  of  bone,  it  is  in  many  cases 
necessary  merely  to  introduce  the 
point  of  an  elevator  underneath  the 
fragment,  and,  using  the  instrument 
"as  a  lever,  raise  it  into  position 
(Fig.  317).  If  there  be  not  an  aper- 
ture sufficiently  wide  for  the  intro- 
duction of  the  elevator,  one  may  be 
made  by  sawing  out  an  angle  of  bone 

at  a  convenient  spot  by  means  of  a  Hey's  or  cranial  saw  (Figs.  318,  319),  or  by 
clipping  off  a  projecting  point  with  the  bone-forceps.  In  this  way,  sufficient 
space  may  usually  be  gained  without  the  necessity  of  applying  the  trephine.  If, 
however,  the  inner  table  be  splintered  to  a  considerable  extent,  or  if  there  be  no 
convenient  angle  that  can  be  removed,  the  trephine  must  be  applied  in  such  a 


Fig.  317.— Apiilication  of  Elevator. 


way  that  at  least  half  its  circle  is  situated  upon  the  edge  that  overhangs  the 
depressed  bone  ;  the  Surgeon  sawing  out  by  means  of  this  instrument  a  portion 
of  the  undepressed  skull,  in  order  that  he  may  more  conveniently  get  at  the 
fragment.  After  a  half  circle  of  bone  has  been  removed  in  this  way,  the  de- 
pressed splinters  may  be  taken  out,  a  Hey's  saw  still  being  occasionally  required 
before  the  whole  can  be  removed.  It  is  interesting  to  note  that  the  instrument 
familiarly  known  as  Hey's  Saw  does  not  appear  to  have  been  invented,  though 
it  was  largely  used  and  described,  by  William  Hey,  of  Leeds.  He  states 
("  Practical  Observations  on  Surgery,"  London,  1803,  p.  !3),  that  the  instrument 
was  first  shown  to  him  by  Dr.  Cockell,  of  Pontefract,  and  that  a  saw,  formed  on 
the  same  principle,  is  represented  in  the  "  Armamentarium  Chirurgicum  "  of 
Scultetus.    In  the  works  of  Ambroise  Par6  (edited  by  Malgaigne,  Vol.  II., 
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p.  14),  will  be  found  an  exact  representation  of  tiie  instrument,  with  a  straight 
edg-e,  aa  depicted  bj  Hey,  and  as  used  at  the  present  day.  He  says  :  "  Par  icelle 
on  pent  couper  de  I'os  (sans  comprinier  dessus)  tant  ou  si  peu  qu'ou  voudra, 
sans  estre  en  danger  de  comprimer  I'os  fi-acture  sur  les  membranes  et  par  con- 
sequent sur  le  cerveau." 

In  whatever  way  the  operation  be  performed,  the  flaps  of  scalp  should  be 
laid  down  when  it  is  completed,  and  a  suture  or  two  applied,  care  being  taken 
not  to  sew  up  the  wound  so  tightly  as  to  prevent  the  escape  of  discharges; 

On  the  introduction  of  the  antiseptic  method  of  treating  wounds,  some 
Surgeons  hesitated  to  apply  the  strong  solutions  of  carbolic  acid  used  in  that 
method  to  the  membranes  of  the  brain,  and  still  more  to  the  wounded  brain 
substance,  fearing  that  by  so  doing  they  might  cause  inflammation  as  fatal  as* 
that  they  desired  to  prevent.  In  order  to  furnish  reliable  evidence  on  this 
point,  Gerald  Yeo  undertook  a  series  of  experiments  on  monkeys.  In  the  first 
place,  he  shoAved  that  in  almost  every  case  in  which  the  skull  was  opened  by 
a  trephine  and  portions  of  the  brain-substance  removed  without  antiseptic 
precautions,  death  speedily  occurred  from  meningo-encephalitis.  He  then 
performed  a  series  of  26  operations,  following  strictly  aU  the  details  of  Lister's 
antiseptic  treatment ;  of  these  seven  died,  one  from  the  chloroform,  one  from 
bleeding  on  the  sixth  day,  one  thirteen  days  after  the  operation  without  any 
signs  of  inflammation  of  the  brain,  three  from  the  effects  of  cold  weather,  and 
one  only  from  diffuse  meningo-encephahtis.  In  many  of  these  animals  large 
portions  of  cerebral  substance  were  cut  away  without  causing  any  inflam- 
matory disturbance  beyond  the  area  actually  injured.  The  experiments 
showed  conclusively  also  that  a  five  per  cent,  solution  of  carbolic  acid  may 
be  applied  with  impunity  to  the  brain  or  its  membranes. 

The  statistics  given  by  Kramer  in  an  inaugui-al  dissertation  at  Breslau  in 
1880,  show  no  less  conclusively  the  great  advantages  to  be  derived  from 
antiseptic  treatment.  Of  twenty-five  cases  of  compound  fractm-e  of  the  skull 
with  wound  of  the  brain,  in  which  no  operation  was  performed,  ten  died,  five 
from  meningitis  and  one  fi-om  pneumonia,  and  the  rest  directly  from  the 
injury  to  the  brajn.  Of  twenty-five  cases  of  primary  trephining  for  injury, 
only  two  died,  one  from  circumscribed  meningitis  and  one  from  diflPiise 
meningo-encephalitis  ;  in  twenty-one  the  wound  healed  by  first  intention.  Of 
six  cases  in  which  secondary  trephining  was  performed  one  only  died  with 
hernia  cerebri.  These  results  are  certainly  much  better  than  any  that  had 
been  obtained  previous  to  the  introduction  of  the  antiseptic  treatment. 

The  treatment  should  be  thus  carried  out :  The  wound  must  as  soon  as 
possil)le  be  covered  with  a  piece  of  linen  rag  soaked  in  a  three  per  cent, 
solution  of  carbolic  acid  in  water.  The  whole  head  is  then  to  be  shaved  and 
carefully  cleaned  with  soap  and  water.  If  necessaiy  it  may  be  sponged  with 
a  weak  solution  of  ammonia  to  get  rid  of  grease  ;  but,  of  course,  in  doing  this 
the  liquids  used  in  washing  must  not  be  allowed  to  flow  into  the  wound.  The 
head  is  then  cleaned  with  the  carbolic  solution  (1  in  and  this  may  be 
allowed  to  enter  freely  into  the  wound.  It  must  not  ou  any  account  be  forcibly 
injected,  as  by  so  doing  it  might  become  widely  diffused  in  the  arachnoid 
cavity  or  the  brain  might  be  injured.  The  wound  being  thus  thoroughly 
cleaned,  the  carbolic  spray  may  be  turned  on,  if  the  Surgeon  prefers  to  use  it, 
and  the  operation  of  removal  of  fragments,  or  elevation  if  necessary,  may  be 
commenced.    When  this  is  compteted  the  edges  of  the  wound  must  be  brought 
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together,  pared,  if  much  contused  and  very  dirty,  provision  being  made  for 
drainage,  and  some  efficient  antiseptic  dressing  may  be  apphed.  It  is  not 
■  always  possible  to  render  the  wound  thoroughly  aseptic,  as  much  dn-t  may 
have  been  ground  into  it,  and  some  time  may  have  elapsed  before  the  case  is 
seen  ;  but  the  dangers  of  septic  meningitis  are  so  great  that  it  is  always  wortli 
while  to  make  the  attempt  even  in  apparently  hopeless  cases.  In  doubtful 
cases  the  wound  should  be  freely  powdered  with  iodoform.  If  no  special 
antiseptic  dressing  is  at  hand  the  wound,  after  having  been  thoroughly 
washed  with  carbolic  acid  lotion,  may  be  dressed  with  carbolic  oil  (1  m  10), 
or  terebene  and  oil,  and  during  the  time  it  is  necessarily  exposed  in  dressing 
it  may  be  irrigated  with  the  antiseptic  solution.  Failing  all  other  antiseptic 
■ch-essings,  the  wound  may  be  washed  out  with  spirit  and  water  and  dressed 
with  dry  lint  or  cotton-wool,  in  the  hope  that  decomposition  of  the  discharges 
may  be  prevented  by  drying.  The  one  thing  that  is  more  certain  than  any- 
thing else  to  ensure  decomposition  is  washing  the  wound  with  common  water 
and  applying  simple  wet  lint  to  it,  as  was  formerly  the  universal  practice. 

All  the  precautions  applicable  to  cases  of  injury  of  the  brain,  such  as  low 
diet,  purging,  perfect  quiet,  dry  cold  to  the  head,  &c,,  must  be  employed  as 
rigorously  when  the  antiseptic  treament  is  adopted  as  when  it  is  not. 

It  has  been  recommended  in  cases  of  simple  depressed  fracture,  without 
injury  of  the  brain  or  its  membranes,  to  make  an  attempt  to  draw  the 
depressed  portion  of  bone  to  its  normal  level  by  means  of  a  cupping-glass, 
adapted  to  the  uneven  surface  of  the  skull  by  means  of  a  cell  of  glazier's  putty. 

Treatment  of  Punctured  Fracture.— In  all  cases,  as  before  stated,  in 
•which  there  is  but  slight  injury  of  the  external  table,  with 
considerable  splintering  and  depression  of  the  inner  one, 
or  when  there  is  a  narrow  and  deep  depression  of  the 
bone,  the  trephine  must  be  applied  on  different  principles 
from  those  that  guide  us  in  its  use  in  ordinary  depressed 
fractures.  In  the  punctured  fracture  it  is  applied,  not  to 
remove  symptoms  of  compression  which,  in  all  probability, 
do  not  exist ;  but  with  the  view  of  preventing  the  inflam- 
mation which  will  to  a  certainty  be  set  up  if  the  splinters  Fig.  320.-Trephinea  circle 
of  the  inner  table  and  pent-up  decomposing  discharges  be  tm-e.  Natural  size, 
allowed  to  continue  irritating  the  membranes  and  brain. 
Hence  it  is  a  rule  in  surgery,  in  all  cases  of  punctured  fracture,  to  apply  the 
trephine  at  once.  In  these  cases  a  trephine  with  a  large  crown  should  be  used, 
and  the  circle  of  injured  bone  itself  must  be  sawn  away  (Pig.  320).  Should, 
however,  the  use  of  the  trephine  have  been  delayed  in  these  cases  until  inflam- 
mation has  been  set  up,  the  instrument  may  still  be  applied  with  ad\'autage. 
Many  years  ago  a  boy  was  admitted  into  University  College  Hospital,  on  the 
sixteenth  day  after  having  been  struck  on  the  side  of  the  head  by  a  large  nail, 
which  projected  from  a  door  that  fell  upon  him.  No  symptoms  of  any  kind 
had  occurred  until  the  eleventh  day  after  the  accident,  when  he  became  dull 
and  lost  his  appetite  ;  on  the  sixteenth  day,  that  of  his  admission,  he  had 
suddenly  become  drowsy  and  delirious,  but  answered  rationally  when  spoken 
to,  and  complained  of  pain  in  the  head.  The  pupils  were  dilated,  the  skin 
hot,  and  the  pulse  quick.  On  examination,  a  small  round  aperture,  from 
which  some  fetid  pus  exuded,  was  discovered  011  the  right  parietal  eminence. 
On  introducing  a  probe,  which  the  hole  just  admitted,  some  rough  bone  could 
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be  felt.  S.  Cooper  immediately  trephined  the  boy,  removing  a  circle  of  bone 
including  the  small  aperture.  The  inner  table  corresponding  to  this  was 
found  splintered  to  some  extent,  and  the  dura  mater  was  thickened  and 
inflamed  ;  but  the  patient  recovered  vrithout  a  bad  symptom. 

Linear  Cuts,  as  by  sabre  or  hatchet,  into  the  skull,  penetrating  the  outer 
table,  are  apt  to  splinter  the  inner  one,  in  the  same  way  as  occurs  in  a 
"punctured  "  fracture,  to  which  they  bear  a  close  analogy.  They  require  the 
same  preventive  trephining  that  is  needed  in  the  true  punctured  fracture, 
having  for  its  object  the  removal  of  splinters  and  spicula,  which  would 
probably  produce  fatal  meningitis  if  left. 

The  Ultimate  Results  of  Fracture  of  the  Skull  in  those  who  recov  er 
wiU  more  or  less  closely  I'esemble  the  conditions  given  at  p,  728,  as  the  conse  - 
quences of  contusion  of  the  cranium  without  fractm-e.  Epilepsy  was  very 
frequent  in  the  American  war  cases  ;  partial  or  complete  loss  of  ^dsion  was 
also  one  of  the  common  sequences  of  such  injuries.  When  deafness  occurred, 
it.  was  generally  connected  with  impairment  of  other  special  senses,  and  often 
of  the  mental  faculties. 

When  a  depressed  fracture  of  the  skull  is  complicated  witli  a  Fracture 
or  other  Injury  of  the  Spinal  Column,  it  is  sometimes  difficult  to  know 
which  symptoms  are  due  to  the  one  accident,  and  which  to  the  other. 
In  such  a  case  as  this,  however,  we  should,  I  think,  treat  the  depressed 
fracture  irrespectively  of  the  spinal  injury,  thus  giving  the  patient  a  chance 
of  recovery,  of  prolongation  of  life,  or,  at  least,  of  return  of  consciousness 
before  death.  A  man  was  admitted  under  my  care  into  the  Hospital,  with 
depressed  fracture  of  the  left  parietal  bone,  and  injury  of  the  cervical  spine, 
the  precise  nature  of  which  could  not  be  accurately  determined.  He  was  in  a 
state  of  complete  coma  and  paralysis.  I  trephined  the  skull  and  elevated  the 
depressed  portion  of  bone  ;  he  recovered  his  consciousness  to  a  great  degree, 
but  died  in  a  few  days,  apparently  from  injury  to  the  spine.  On  examination 
after  death,  we  found  a  fracture  of  the  fi.fth  cervical  vertebra. 

CEREBRAL    COMPLICATIONS    OP   INJURIES    OP    THE  HEAD. 

These  may  be  primary  or  secondary.  Tlie  brain  is  subject  to  three  principal 
Primary  States  of  Functional  Disturbance  arising  from  injuiy  ;  viz., 
1.  Concussion,  2.  Compression,  and  3.  Cerebral  Irritation,  kwj  one  of  these 
may  be  followed  by,  or  be  complicated  Avith,  subsequent  inflammation,  that 
derives  peculiar  characteristics  fi-om  the  conditions  with  which  it  is  associated, 
and  from  the  injury  by  which  it  is  occasioned. 

In  describing  these  different  conditions,  we  are  compelled  to  define  the 
symptoms  that  characterize  them  more  distinctly  than  is  the  case  in  actual 
practice,  where  they  are  not  so  clearly  individualized,  and  become  merged 
together  to  a  considerable  extent. 

1.  Concussion  of  the  Brain. — Concussion,  or  stunning,  appears  to  be 
a  shock  communicated  to  the  head  from  the  application  of  such  external 
violence  as  will  produce  commotion  of  the  substance  of  the  brain,  or  interfere 
with  the  circulation  through  it  ;  in  consequence  of  which  its  functions  become 
suspended,  usually  in  a  slight  and  tr.insitory  degree,  but  occasionally  to  such 
an  extent  that  the  patient  does  not  rally  for  many  hours  from  the  depressed 
state  into  which  he  is  thrown. 
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The  Pathology  of  concussion  of  the  brain  is  very  obscure  ;  so  much  so, 
in  fact,  that  the  term  must  be  considered  to  have  rather  a  clinical  than  a 
pathological  significance.  True  concussion  in  the  most  limited  sense  of  the 
word  is°supposed  not  to  be  associated  with  any  structural  lesion  of  the  brain. 
It  is  closely  allied  to  shock.  (See  Chap.  VIII.)  As  the  result  of  the 
concussion  there  is  a  general  exhaustion  of  the  nerve  centres  lasting  for  a 
longer  or  shorter  time  according  to  the  violence  of  the  injury.  With  this 
there  is  great  feebleness  of  the  heart's  action,  and  general  vaso-motor  paralysis.^ 
The  blood  tends  to  stagnate  in  the  relaxed  vessels,  especially  in  the  veins  of 
the  abdominal  viscera  and  muscles.  There  is  from  this  cause  a  condition  of 
anaemia  of  the  brain.  It  is  possible  that  the  direct  violence  done  to  the  head 
may  cause  a  temporary  contraction  of  the  arteries  of  the  brain  and  thus 
induce  anemia,  but  there  is  no  direct  evidence  of  this.  Clinically  the  term  is 
made  to  cover  all  those  cases  in  which  insensibility  of  a  temporary  character 
not  due  to  any  evident  coarse  lesion  or  compression  of  the  brain  follows  an 
injury  to  the  head.  When  cases  of  this  kind,  that  have  been  clinically  classed 
as  concussion,  have  died  without  rallying,  examination  after  death  has  always 
shown  some  actual  lesion  of  the  brain  substance.  In  some  cases  the  brain  is 
said  to  have  been  congested.  In  others,  portions  of  the  cerebral  substance, 
varying  in  size  from  minute  points  to  patches  an  inch  or  more  in  diameter, 
have  been  disintegrated  and  more  or  less  ecchymosed.  In  the  more  severe 
and  fatal  cases  of  concussion  of  the  brain,  the  cerebral  substance  is  ecchymosed 
in  a  punctiform  manner  or  disorganized  to  a  great  extent ;  in  fact,  in  these 
cases  the  characteristic  signs  of  contusion  of  the  brain  become  apparent. 

The  Signs  of  concussion  vary  according  to  the  severity  of  the  injury  to  the 
brain.    In  the  shghter  cases,  the  patient  may  merely  feel  giddy  and  confused 
for  a  few  minutesf  In  others,  consciousness  is  not  affected,  but  the  patient 
feels  faint  and  weak,  and  is  unable  to  stand.    In  the  more  severe  form— in 
that  degree,  indeed,  which  usually  accompanies  any  severe  injury  of  the 
head— the  surface  of  the  body  becomes  cold  and  pale  ;  the  temperature  falls 
to  97°  F.,  or  even  to  96''  F.,  if  the  accident  has  occurred  in  cold  weather  ;  the 
sufferer  is  motionless  and  insensible,  or  answers  only  when  spoken  to  in  a  loud 
voice,  relapsing  again  into  speedy  insensibility,  or  rather  semi-consciousness  ; 
the  pulse  is  feeble  ;  the  respiration  is  slow  and  shallow  ;  the  pupils  are  usually 
contracted,  but  may  be  dilated,  and  generally  respond  to  the  action  of  light, 
and  the  sphincters  are  usually  relaxed ;  the  limbs  are  flaccid,  and  muscular 
power  is  impaired  or  lost.    After  this  condition,  which  is  the  first  stage  of 
concussion,  has  lasted  for  a  few  minutes  or  hours,  according  to  the  severity  of 
the  shook,  the  second  stage  comes  on  ;  the  circulation  gradually  re-establishing 
itself,  the  pulse  becoming  fuller,  and  the  surface  warmer.    As  reaction  becomes 
fully  established,  the  temperature  rises  slightly  above  the  normal  standard,  the 
degree  of  elevation  being  in  proportion  to  the  severity  of  the  concussion.  In 
ehght  cases  the  thermometer  will  rise  to  99°  F.  or  99-5°  F.,  while  after  more 
severe  injuries  it  may  reach  100°  F.,  beyond  which  point  it  seldom  passes  in 
cases  of  simple  concussion.    About  this  time  the  patient  very  commonly 
vomits ;  probably  as  a  consequence  of  cerebral  hypertemia  following  the 
anaemia  which   exists  during  profound  concussion.    After  vomiting,  the 
sufferer  quickly  rallies.    In  the  more  severe  cases,  the  symptoms  that  have  just 
been  described  are  so  strongly  mai-ked  that  the  patient  appears  to  be  mori- 
bund— prostration  of  all  nervous  and  physical  poM'er  being  complete,  the 
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surface  being-  cold  and  clammy,  as  in  death,  the  eyes  glassy,  the  pupils  either 
contracted  or  widely  dilated,  the  pulse  scarcely  perceptible  and  intermittent. 
In  this  state  the  patient  may  lie  for  hours,  recovery  being-  slow,  and  the 
concussion  merging  into  some  other  and  perhaps  more  serious  affection  of  the 
nervous  centres;  or,  indeed,  in  some  cases,  speedily  terminating  in  deatli. 
apparently  by  failure  of  the  heart's  action.  But  it  may  truly  be  said,  tlm; 
every  case  of  concussion  in  which  unconsciousness,  though  but  momentary, 
has  been  produced,  is  a  most  serious  one.  Any  remote  evil  consequence  in 
the  form  of  secondary  cerebral  disease  may  possibly  ensue,  if  once  the  brain- 
substance  have  been  so  severely  shaken  as  to  render  the  patient  unconscious, 
even  though  the  insensibility  last  but  a  few  minutes.  All  such  cases  require 
to  be  closely  Avatohed  and  carefully  managed  for  months  after  the  injury. 

The  Terminations  of  concussion  are  various.  We  have  already  seen  that 
in  most  cases  this  afl'ection  speedily  gives  way  to  complete  recovery ;  although 
slight  headache,  some  degree  of  giddiness,  confusion  of  thought,  and  inaptitu(l< 
for  mental  occupation,  may  last  for  a  few  days  before  the  mental  powers  ai-e 
completely  re-estabhshed.  In  these  it  is  probable  that  no  coarse  lesion  of  the 
brain-substance  has  taken  place.  In  other  cases,  the  concussion  may  rapidly 
terminate  in  death,  and  in  these  it  will  always  be  found  that  distinct  contusion 
or  laceration  of  the  brain-substance  has  occurred.  Between  these  conditions 
there  are  several  intermediate  states.  Thus,  recovery  may  be  complete,  but  a 
permanently  irritable  state  of  brain  may  be  left  :  the  patient,  though  capable 
of  the  ordinary  duties  of  life,  becoming  readily  excited  by  slight  excesses  in  diet 
or  in  the  use  of  stimulants,  or  by  mental  emotion,  though  not  of  an  inordinate 
intensity.  Individuals  thus  affected,  suffering  from  a  preternaturally  irritable 
brain,  sometimes  die  suddenly  in  the  course  of  a  few  months,  or  a  year  or  two, 
after  the  receipt  of  the  injury. 

In  other  cases  in  which  there  has  been  definite  contusion  or  laceration  of 
the  brain- substance,  the  recovery  continues  incomplete.  Although  the  patient 
may  be  enabled  to  follow  his  usual  occupation,  and  to  mix  in  the  ordinary 
business  of  hfe,  yet  his  state  is  precarious,  the  brain  being  liable  to  the  occur- 
rence of  inflammatory  disease  on  the  slightest  exciting  cause.  In  such  case? 
there  is  frequently  a  certain  degree  of  impairment  of  mental  power  ;  tin- 
memory  faihng  either  generally  or  in  certain  important  points,  as  with 
reference  to  dates,  persons,  places,  or  language.  The  speech  is  perhaps  indis- 
tinct and  stuttering.  Impairment  of  vision  is  a  very  common  consequence  of 
these  injuries.  Asthenopia,  with  perhaps  squinting  or  paralysis  of  the  eyelid, 
may  be  left.  The  hearing  may  be  impaired,  or  noises  of  various  kinds  set  \\\) 
in  the  ears.  Epileptiform  convulsions  occasionally  occur  ;  sometimes,  as  tin- 
i)atient  is  recovering  his  consciousness,  he  may  be  seized  with  a  severe  fit ;  bui 
nioi'C  commonly  the  convulsions  do  not  come  on  as  a  primary  consequence 
but  rather  as  a  remote  secondary  result  of  the  brain-injury.  There  may  be 
diminution  or  loss  of  muscular  and  of  virile  power,  especially,  as  Henncn 
observes,  when  the  injury  has  been  inflicted  upon  the  back  of  the  head  ;  and 
Holberton  has  noticed  that,  when  the  medulla  oblongata  has  been  injured,  the 
pulse  may  continue  preternaturally  slow— an  observation  which  I  have  had 
several  opportunities  of  confirming.  For  these  symptoms  to  occur,  it  is  by  no 
means  necessary  that  the  original  local  injury  should  liave  been  severe.  In 
some  cases,  the  whole  nervous  system  appears  to  be  jarred  and  concussed 
without  any  wound  or  external  sign  of  injury  to  the  head.    At  first,  the 
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symptoms  of  concussion  are  but  slight,  perhaps  even  none  arc  apparent,  and 
the  sufferer  congratulates  himself  on  his  escape  ;  but  gradually  impairment  of 
nervous  power,  manifesting  itself  in  one  or  other  of  the  ways  just  mentioned, 
comes  on,  and  the  health  continues  broken  through  life. 

In  other  cases,  again,  the  symptoms  of  concussion  may  gradually  terminate 
in  those  of  compression  ;  and  not  unfrequently  reaction  is  followed  by  some 
inflammatory  mischief  when  the  concussion  has  been  accompanied  by  laceration 
or  contusion  of  the  brain.  Hippocrates  truly  observed,  that  no  injury  of  the 
head  is  too  trivial  to  be  despised,  or  too  serious  to  be  despaired  of. 

2.  Compression  of  the  Brain.— This  is  a  common  condition  in  injuries 
of  the  head,  arising  fi'om  a  great  variety  of  causes  :— from  the  pressure  of  a 
portion  of  bone,  of  extravasated  blood,  of  inflammatory  exudation,  or  of  pus 
formed  within  the  skull,  or  from  a  foreign  body  lodged  there.    In  whatever  way 
occasioned,  however,  the  symptoms,  although  presenting  some  differences,  arc 
tolerably  constant.    The  patient  hes  in  a  state  of  coma,  stupor  or  lethargy, 
being  paralysed  more  or  less  completely,  heavy  and  drowsy,  or  insensible,  not 
answering  when  spoken  to,  or  only  Avhen  addressed  in  a  loud  voice,  and 
perhaps  shaken  at  the  same  time.    The  breathing  is  carried  on  slowly  and 
deeply,  with  a  stertorous  or  snoring  noise,  and  usuafly  a  pecuhar  blowing  of 
the  lips.    The  stertor  appears  to  be  owing  to  paralysis  of  the  velum  pendulum 
palati,  which,  hanging  down  as  an  inanimate  curtain,  is  thrown  into  vibrations 
during  expiration  by  the  passage  of  the  air  ;  the  distension  of  the  cheeks 
and  blowing  of  the  lips  are  due  to  the  muscular  paralysis  of  these  parts. 
One  or  both  pupils  are  dilated  and  insensible  to  light  ;  the  pulse  is  fuh,  often 
slow — ill  fact,  a  full,  slow,  laboured  pulse  is  one  of  the  most  marked  features 
in  these  cases ;  the  fteces  pass  involuntarily  from  paralysis  of  the  sphincter  ani, 
and  the  urine  is  retained  from  paralysis  of  the  bladder  ;  the  skin  may  be  cool, 
but  in  many  cases,  on  the  contrary,  is  rather  hot  and  perhaps  perspiring ;  the 
temperature  may  rise  to  106°  F.    If  the  pressure  be  unilateral,  Horsley  has 
observed  that  the  temperature  of  the  extremities  is  higher  on  the  side  opposite 
that  on  which  the  pressure  exists,  probably  as  a  consequence  of  vaso-motor 
paralysis.    Not  unfrequently  during  this  condition  of  stupor  violent  fits  of 
convulsions  may  occur.    This  state  of  coma  may  become  complicated  by 
s}^nptoms  of  inflammation  ;  and,  unless  the  cause  that  produces  the  compres- 
sion be  removed,  it  usually  terminates  speedily  in  death,  the  patient  gradually 
sinking  into  more  complete  unconsciousness,  and  dying  in  an  apoplectic  con- 
dition.   In  other,  but  much  rarer  cases,  the  insensibility  may  continue  almost 
an  indefinite  time,  for  many  weeks  or  even  months,  until  the  compressing 
cause  is  removed,  when  the  patient  may  recover  consciousness,  and  the  symp- 
toms disappear. 

The  Diagnosis  between  concussion  and  compression  has  been  sufficiently 
indicated  in  the  preceding  description  not  to  require  special  mention  here. 
But  it  must  be  remembered  that,  in  many  cases,  one  state  merges  into  the 
other,  so  that  the  symptoms  are  not  so  distinctly  marked  as  has  been 
indicated ;  and  they  are  more  especially  obscured  Avhen  associated  with 
inflammation. 

AVith  regard  to  compression  it  may  be  l}roadly  stated  that  whenever  the 
symptoms  follow  an  injury  to  the  head  within  twentj'-four  hours  they  are  due 
to  the  pressure  of  fragments  of  bone  in  depressed  fractures,  foreign  bodies  in 
penetrating  fractures,  or  extravasated  blood  in  simple  injuries.  Compression 
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from  inflammatory  exudafciou  does  not  occur  till  the  third  day  at  the 
eai-liest. 

3.  Cerebral  Irritation. — The  third  form  of  primary  cerebral  disturbance 
which  is  met  with  in  injuries  of  the  head,  differs  veiy  remarkably  from  both 
the  preceding.  The  patient  presents  symptoms  neither  of  concussion  nor 
of  compression,  nor  is  there  any  combination  of  the  phenomena  characterizing 
these  two  states ;  but  the  symptoms  are  altogether  peculiar.  For  convenience 
of  description,  they  may  be  diA'ided  into  two  gi'oups,  the  lodily  and  the 
mental. 

The  Bodily  Symptoms  are  as  follows.  The  attitude  of  the  patient  is 
peculiar  and  most  characteristic  : — he  lies  on  one  side  and  is  curled  up  in  a 
state  of  general  flexion.  The  body  is  bent  forwards,  the  knees  are  drawn  up 
on  the  abdomen,  the  legs  bent,  the  arms  flexed,  and  the  hands  drawn  in. 
He  does  not  lie  motionless,  but  is  restless,  and  often,  when  irritated,  tosses 
himself  about.  But,  however  restless  he  may  be,  he  never  stretches  himself 
out  nor  assumes  the  supine  position,  but  invariably  reverts  to  the  attitude 
of  flexion.  The  eyelids  are  firmly  closed,  and  he  resists  violently  every 
effort  made  to  open  them  ;  if  this  be  effected,  the  pupils  will  be  found 
to  be  contracted.  The  surface  is  pale  and  cool,  or  even  cold.  There  is  no 
heat  of  head.  The  pulse  is  smaU,  feeble,  and  slow,  seldom  above  70.  The 
sphincters  are  not  usually  affected,  and  the  patient  wiU  pass  urine,  when 
the  bladder  requires  to  be  emptied  ;  there  may,  however,  though  rarely,  be 
retention. 

The  Mental  State  is  equally  peculiar.  Irritability  of  mind  is  the  prevail- 
ing characteristic.  The  patient  is  unconscious,  takes  no  heed  of  what  passes, 
unless  called  to  in  a  loud  tone  of  voice,  when  he  shows  signs  of  irritability  of 
temper  or  frowns,  turns  away  hastily,  mutters  indistinctly,  and  grinds  his 
teeth.  It  appears  as  if  the  temper,  as  much  as  or  more  than  the  intellect, 
were  affected  in  this  condition.    He  sleeps  without  stertor. 

The  course  taken  by  these  symptoms  is  as  follows.  After  a  period  varying 
from  one  week  to  three,  the  pulse  improves  in  tone,  the  temperature  of  the 
body  increases,  the  tendeiacy  to  flexion  subsides,  and  the  patient  lies  stretched 
out.  The  mental  state  also  changes.  Irritability  gives  way  to  fatuity  ; 
there  is  less  manifestation  of  temper,  but  more  weakness  of  mind.  Recovery 
is  slow,  but,  though  delayed,  may  at  length  be  perfect ;  although  in  these, 
as  in  all  other  cases  of  cerebral  disturbance,  ulterior  consequences  may  be 
manifested. 

This  form  of  cerebral  disturbance  may,  from  the  peculiar  irritabilty  that 
characterizes  it,  be  with  propriety  termed  cerebral  irritation. 

The  symptoms  that  have  just  been  described  usually  follow  blows  upon  the 
temple,  or  forehead,  or  occiput,  and  are  probably  due  to  superficial  lacerations 
of  the  frontal  lobes  of  the  brain. 

Treatment. — The  treatment  of  these  various  conditions  is  often  difficult 
owing  to  the  fact  that  they  seldom  occur  in  practice  with  that  amount  of 
distinctness  and  particularity  by  which  alone  their  characters  can  be  conveyed 
in  description,  but  arc  associated  together  in  such  a  way  that  the  exact  state 
of  the  patient  cannot  so  readily  be  made  out.  It  would  be  useless  to  attempt 
to  describe  the  shades  and  modifications  of  treatment  required  in  tbe  manage- 
ment of  the  different  groupings  of  these  various  forms  of  traumatic  cerebral 
disturbance.    .We  must,  therefore,  content  ourselves  with  describing  the 


TREATMENT  OF  BRAIN  SYMPTOMS. 


753 


■fcreafcraenfc  of  each  state  broadly  and  separately,  and  leave  the  consideration  of 
the  varieties  that  commonly  present  themselves  in  practice  to  the  discretion  of 
the  Surgeon. 

In  the  Treatment  of  Concussion,  the  first  great  indication  is  to  re- 
estabhsh  the  depressed  energies  of  the  circulation  and  of  the  nervous  system. 
In  effecting  this,  we  must  be  careful  not  to  overstimulate  the  patient.  The 
safest  practice  is  that  which  is  appHcable  to  the  treatment  of  shock  generally 
— to  wrap  the  patient  up  warmly  in  blankets,  to  put  hot  bottles  around  him.- 
or  to  employ  frictions  to  the  surface,  and  when  he  is  sufficiently  recovered,  to 
allow  him  to  swallow  a  small  quantity  of  warm  tea.  Alcoholic  stimulants  of 
all  kinds  should  be  avoided  ;  unless  the  depression  be  so  great  that  reaction 
cannot  be  brought  about  without  their  agency  ;  but  an  enema  containing 
some  ether  or  aromatic  spirits  of  ammonia  may  be  administered. 

AVhen  reaction  has  come  on,  steps  should  be  taken  to  prevent  the  occurrence 
of  inflammatory  mischief.  If  the  concussion  have  been  slight,  it  may  be  quite 
sufficient  to  purge  the  patient  well,  and  to  keep  him  quiet  on  a  regulated  diet 
for  a  few  days,  directing  him  carefully  to  avoid  all  alcoholic  stimulants  and 
mental  exertion  for  some  time.  If  the  concussion  have  been  more  severe,  and 
if  the  symptoms  of  reaction  have  been  accompanied  by  indications  of  con- 
tinuous cerebral  disturbance,  or  have  been  followed  by  giddiness,  headache,  or 
confusion  of  thought,  the  safer  plan  wiU  be  to  adopt  immediate  steps  for  the 
prevention  of  further  mischief.  Venesection  used  formerly  to  be  extensively 
practised  as  a  precautionary  measure,  in  order  to  prevent  undue  reaction  and 
inflammatory  mischief  following  on  head-injuries.  Perhaps  our  predecessors 
erred  in  the  too  frequent  and  liberal  use  of  the  lancet  in  these  cases  ;  I  believe 
that  Surgeons  of  the  present  day  are  too  sparing  in  its  use.  In  the  young  and 
robust  the  best  possible  effects  follow  venesection  in  head-injuries,  to  the  extent 
of  from  12  to  16  ounces.  In  children,  leeches  advantageously  take  the  place 
of  the  lancet.  The  patient  should  be  freely  purged,  kept  on  a  low  diet,  and, 
above  all,  should  remain  quiet  in  bed  for  some  days. 

Should  impairment  of  the  mental  faculties  or  senses  be  left,  the  more 
prudent  plan  will  be  to  have  recourse  to  a  mild  antiphlogistic  treatment,  con- 
sisting of  leeching,  cupping,  blistering,  the  introduction  of  a  seton  in  the  nape 
of  the  neck,  purging,  and  more  especially  a  mild  mercurial  course,  with  strict 
avoidance  of  all  mental  and  bodily  stimulation.  The  patient  must  be  carefully 
watched,  and  kept  under  proper  supervision  for  some  length  of  time,  as  serious 
■  symptoms  are  apt  suddenly  to  declare  themselves. 

In  all  cases  of  Coma  from  Compression,  the  pressure  must  be  relieved 
before  it  can  be  expected  that  the  coma  will  subside.  But,  besides  this  great 
and  obvious  indication,  which  must  be  carried  out  in  different  ways  according 
:  to  the  nature  of  the  compressing  cause,  there  are  certain  general  considerations 
•  to  be  attended  to,  by  which  the  patient's  condition  may  be  much  relieved.  Thus 
the  bowels  should  be  freely  opened  by  placing  a  drop  of  croton  oil,  mixed  with 
a  little  mucilage,  in  the  patient's  mouth,  or  by  the  use  of  oleaginous  or  tere- 
binthinate  enematn.  The  urine  is  to  be  drawn  off  twice  in  the  twenty-four 
hours,  the  room  darkened  and  kept  qniet,  and  ice  or  an  evaporating  lotion 
applied  to  the  head.  If  the  breathing  becomes  extremely  laboured  and  the 
pulse  very  slow  and  full,  free  venesection  is  often  of  use,  but  no  treatment  can 
be  of  any  real  service  unless  the  cause  of  the  compression  is  removed. 

The  treatment  of  Cerebral  Irritation  will  require  to  be  varied  in  diff  erent 
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stages  of  the  condifcion.  In  the  early  sta^e,  the  treatment  that  I  liave  found 
most  sncccssfiil  consists  in  the  avoidance  of  all  active  measureB.  Much  harm 
may  result  from  bleeding,  purging,  and  mercurializing  the  patient.  Complete 
rest,  the  removal  of  all  mental  and  sensory  excitement,  shaving  the  head,  tlie 
application  of  ice,  a  mild  aperient  or  an  occasional  enema,  are  all  that  can  ])e 
done  in  the  way  of  medical  treatment.  As  the  constitutional  powers  are 
depressed,  they  must  not  be  too  much  lowered  by  complete  abstinence  fi'om 
food  ;  small  quantities  of  milk  and  beef-tea  must  be  given  at  intervals,  but 
stimulants  are  rarely,  if  ever,  required.  Bromide  of  potassium  is  often  very 
useful  in  30  grain  doses.  In  some  cases  where  there  is  great  restlessness,  and 
some  delirium,  without  any  sign  of  encephalitis  having  supervened,  chloral 
will  be  found  of  great  value,  or  an  opiate  even  may  be  given  to  quiet  the 
patient  and  induce  sleep.  This  cerebral  irritation  is  the  only  form  of  primary 
cerebral  disturbance  in  which  I  have  seen  opiates  act  beneficially  ;  but  their 
administration  requires  great  care,  and  must  not  be  ventured  on  if  there  be 
any  elevation  of  temperature  or  quickness  of  pulse.  Should  the  signs  of 
depression  give  way  to  those  of  subacute  meningitis,  the  patient  becoming 
noisy,  restless  and  sleepless,  venesection  may  be  practised  with  gi'eat  advan- 
tage. The  bleeding  should  be  followed  up  by  the  administration  of  bromide 
of  potassium  or  chloral.  In  the  treatment  of  all  these  conditions,  it  is  impos- 
sible to  insist  too  strongly  on  the  paramount  importance  of  absolute  rest  and 
quiet.  No  conversation,  lights,  or  noise  should  be  allowed  in  the  patient's 
room,  and  no  injudicious  attempts  should  be  made  to  rouse  him  or  to  ascer- 
tain by  inquiry  if  he  is  conscious.  Much  depends  on  careful  and  quiet 
nursing  ;  on  attention  to  minor  details,  as  the  avoidance  of  noises,  of  flicker- 
ing lights,  and  the  frequent  administration  of  liquid  food  in  small  quantities, 
or  per  rectum. 

Summary  of  Treatment.— The  following  treatment  should  be  applied  in 
all  cases  of  head-injury  attended  by  unconsciousness,  whether  special  operative 
interference  be  needed  or  not  : — 

1.  The  head  must  be  shaved  and  elevated  on  hard  pillows. 

2.  Any  scalp-wound  treated  antiseptically. 

3.  The  ice-bag  applied  to  the  head—  hot  bottles  to  the  feet. 

4.  From  two  to  five  grains  of  calomel  placed  on  the  tongue  on  the  second 
day. 

.5.  The  lower  bowel  emptied  by  a  turpentine  enema  on  the  second  or  third 
day,  and  catheter  used  if  necessary. 

6.  The  room  darkened — the  necessary  fire  and  lights  being  screened. 

7.  No  conversation  in  the  room  allowed — all  noises  avoided — slippers  sub- 
stituted for  creaking  boots — the  coal  put  on  with  the  hand — the  fire  stirred 
with  a  stick. 

8.  The  diet  to  consist  of  spoon-food — iced  milk  or  at  most  chicken-broth, 
thickened  with  arrowroot  or  cornflour. 

9.  If  the  patient  cannot  swallow,  nutritive  enemata  may  be  given  every 
fourth  hour, 

CONTUSION   AND   LACERATION    OF   THE  BRAIN. 

Contusions  and  Laceration  of  the  Brain  and  of  its  Memliraues 

are  fi'eqnent  in  injuries  of  the  head,  and  are  among  tlie  inost  important  com- 
plications of  these  accidents.    The  extent  of  injury  inflicted  upon  the  cerebral 
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substance  has  wide  limits,  from  slight  laceration  without  exposure,  to 
denudation  of  the  brain,  disintegration,  and  escape  of  large  portions  of  its 
substance. 

Causes. — Injury  to  the  brain  may  be  occasioned  iu  various  ways.  The 
simplest  form  is,  perhaps,  that  which  is  frequently  met  with  in  undepressed 
fracture  of  the  skull  and  sometimes  happens  without  fracture,  from  simple 
'  concussion  or  commotion. 

Under  these  circumstances  the  laceration  of  the  cerebral  substance  occurs 
in  most  cases  on  the  side  of  the  head  opposite  to  that  on  which  the  violence  is 
applied,  usually  at  a  point  exactly  opposite  to  that  struck;  much  less  frequently 
it  is  found  immediately  beneath  the  part  of  the  skull  which  received  the  blow. 
Laceration  of  the  brain  is  the  commonest  cause  of  death  in  simple  fractui-e  of 
the  skull,  the  fracture  itself  when  not  compound  being  no  more  dangerous 
than  a  similar  injury  of  any  other  bone.  It  is  attended  by  extravasation  of 
blood  proportional  to  the  amount  of  injury  done  to  the  brain-tissue,  and  in 
severe  cases  this  is  sufficient  to  give  rise  to  symptoms  of  compression  which 
completely  mask  any  special  signs  of  cerebral  laceration. 

The  regions  of  the  brain  most  commonly  injured  are  the  anterior  parts  of 
the  frontal  and  temporo-sphenoidal  lobes.  This  is  due  partly  to  the  irregu- 
larity of  the  surfaces  of  the  bones  against  which  these  lobes  lie,  but  much  more 
to  the  fact  that  the  posterior  and  postero-lateral  parts  of  the  skull,  and  the 
vertex  are  the  most  exposed  to  injury  from  falls  and  blows.  Thus  when 
a  person  slips  suddenly  in  frosty  weather  and  strikes  the  back  of  his  head 
on  the  pavement  there  may  be  no  external  sign  of  serious  injury,  nor  any 
fracture  of  the  skull  ;  yet  laceration  of  the  anterior  portions  of  the  cerebral 
hemispheres  frequently  occurs  at  the  point  exactly  opposite  to  that  struck. 

The  explanation  of  this  fact— that  the  chief  laceration  is  opposite  the  point 
struck — is  that  the  blow  starts  a  wave  in  the  soft  cerebral  substance  which 
breaks  against  the  bone  on  the  other  side.  In  very  rare  cases  it  is  possible  to 
trace  the  course  of  this  Avave  by  hasmorrhages  in  the  cerebral  substance  in 
its  track.  Thus  not  long  ago  a  case  occurred  in  University  College  Hospital 
in  which  a  man  received  a  blow  from  a  fall  on  the  left  side  of  the  forehead. 
He  lived  ten  days,  and  at  the  post-mortem  examination  a  bruise  of  the  brain 
was  found  in  the  frontal  lobe  at  the  point  which  first  received  the  violence, 
:  and  exactly  opposite  this  on  the  right  occipital  lobe  was  another  bruise  ;  in  a 
straight  line  between  the  two  bruises  was  a  hsemorrhage  into  the  right  optic 
'  thalamus.  Very  sudden  and  violent  blows,  such  as  non-penetrating  bullet- 
wounds,  usually  lacerate  the  brain  immediately  beneath  the  part  of  the  skull 

■  struck,  and  some  of  the  most  typical  cases  of  localized  cortical  injuries  of  the 
brain  are  consequently  to  be  found  in  the  records  of  military  surgery. 

The  brain  and  its  membranes  are  often  lacerated  by  the  sharp  spimla  of  a 

■  depressed  fracture,  which  may  penetrate  to  a  considerable  depth  in  its  substance. 
.  And,  lastly,  the  injury  may  be  occasioned  by  foreign  todies,  such  as  bullets, 
'  traversing  or  lodging  in  the  head  ;  by  sabre-  or  axe-wounds,  or  by  stabs  and 
'puncitires  through  the  thinner  portions  of  the  skull,  especially  the  orbital  plate 

of  the  frontal  bone.  In  this  way  a  piece  of  stick,  tobacco-pipe,  the  point  of 
a  knife,  or  a  scissor-blade,  may  puncture  the  anterior  part  of  the  brain. 

The  Post-mortem  Appearances  of  laceration  of  the  brain  vary  with  the 
degree  of  injury  and  the  time  the  patient  survives.  In  a  recent  case  every 
stage  may  be  met  with,  from  a  mere  superficial  bruise,  marked  by  a  few  points 
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of  extravasated  blood  in  the  gi-ey  matter,  which  still  maintains  its  natural 
form  and  consistence,  to  extensive  laceration  and  crushing,  in  which  the  grey 
matter,  and  a  greater  or  less  amount  of  the  white,  is  reduced  to  a  pulpy, 
disintegrated  mass,  mixed  with  clots  of  blood.  In  the  cases  of  simple  bruising 
there  is  no  extravasation  of  blood  in  the  neighbourhood  of  the  injury  ;  in 
severe  laceration  clots  are  found  superficially  adhering  to  the  injured  part  of 
the  brain,  and  extending  widely  both  in  the  sub-arachnoid  space  and  the 
cavity  of  the  arachnoid,  sometimes  completely  covering  one  hemisphere  with 
a  thick  layer  of  coagulum.  Occasionally  the  extravasated  blood  may  have 
forced  its  way  into  the  substance  of  the  brain,  and  even  have  burst  into  the 
lateral  ventricle  ;  but  this  is  very  rare. 

In  lacerations  due  to  penetrating  wounds  or  accompanying  compound  frac- 
tures in  which  the  dura  mater  is  torn,  if  the  patient  survive  beyond  the  third 
day,  marked  inflammatory  changes  may  be  found  at  the  injured  spot.  ^  In 
these  cases  the  brain-substance  is  softer  than  natural  in  the  area  of  laceration, 
and  is  readily  washed  away  with  a  stream  of  water.  At  the  injured  part  are 
the  remaius  of  the  extravasated  blood  ;  round  about  it  the  brain -sulDStance  is 
redder  than  natural.  In  addition  to  the  local  mischief,  the  whole  brain  usually 
presents  the  appearances  indicating  septic  meningo-encephalitis ;  the  pia 
mater  is  gorged  with  blood,  and  infiltrated  with  greenish,  puriform,  inflamma- 
tory exudation,  starting  from  the  injured  spot  and  extending  more  or  less 
widely  in  all  directions  ;  there  is  a  slight  excess  of  cerebro-spinal  fluid  in  some 
cases,  but  in  others  the  surface  is  abnost  dry,  and  the  convolutions  are  slightly 
flattened  from  swelling  of  the  brain  ;  the  grey  matter  is  everywhere  redder 
than  natural,  the  red  points  seen  in  sections  of  the  white  substance  are  too 
numerous,  and  the  ventricles  often  contain  an  excess  of  fluid. 

In  simple  fractures,  or  in  compound  fractures  in  which  asepsis  has  been 
maintained,  the  patient  is  not  free'  from  the  danger  of  spreading  mischief 
extending  from  the  injured  area.  According  to  Bergmann  the  blood  extra- 
vasated roimd  the  laceration  is  often  sufficient  in  amount  to  press  on  the  veins 
of  the  pia  mater,  and  thus  to  cause  a  serious  interference  with  the  return  of 
blood  from  the  injured  part.  If  the  extravasation  is  small  in  amount  there 
results  but  a  limited  area  of  oedema  which  soon  disappears  as  the  blood  is 
absorbed  and  the  pressure  removed.  But  in  extensive  lacerations  with  more 
abundant  extravasation  the  swelhng  reaches  a  dangerous  height.  Xot  only 
does  it  extend  concentrically  until  it  reaches  uninjured  and  possibly  vital 
parts  of  the  brain,  but  the  cerebro-spinal  fluid  becomes  increased  in  amount 
by  the  transudation  until  it  may  give  rise  to  fatal  compression  of  the  brain. 
The  whole  of  this  process  is  independent  of  true  inflammation  or  infection 
from  without,  and  is  due  to  the  anatomical  arrangement  of  the  vessels  of  the 
brain  by  which  the  blood  returns  chiefly  througli  the  large  veins  of  the  pia 
mater  which  are  necessarily  compressed  by  blood  extravasated  between  them 
and  the  bone.  In  these  cases  a  narrow  zone,  yellowish  red  in  colour  and 
dotted  with  points  of  extravasation,  is  found  around  the  area  of  laceration ; 
beyond  this  as  far  as  the  swelling  extends  th(!  brain-substance  is  moist, 
glistening,  and  softer  than  natural,  that  is  to  say  highly  ccdematous. 

Supposing  the  patient  to  have  escaped  these  dangers,  it  is  still  possible 
that  death  may  occur  at  a  more  remote  period  from  softening  round  the 
injured  spot.  This  softening  is  a  result  of  the  interference  with  tlic  circula- 
tion from  the  injury  to  the  vessels  and  the  consequent  hoamorrhagc,  and 
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possibly  of  local  inflammation  following  the  injury.  As  the  effect  of  this,  the 
brain-tissue  and  any  inflammatory  exudation  that  may  be  present  undergo 
fatty  degeneration,  forming  a  yellowish  pulpy  mass,  which  washes  away  readily 
under  a  stream  of  water,  the  condition  being  known  as  yellow  softening. 
The  microscope  shows  innumerable  fatty  granules  and  granular  cells,  with 
sometimes  recognizable  delris  of  the  nerve-fibres  of  the  white  matter.  It 
is  possible  that  recovery  may  take  place  even  after  softening  of  an  area  of 
some  size,  the  degenerated  tissue  being  absorbed  and  a  small  superficial  defect 
left  in  the  surface  of  the  brain. 

In  cases  in  which  recovery  takes  place  without  these  unhealthy  changes,  a 
small  tough,  opaque  scar,  depressed  below  the  surface,  is  left  in  the  cortex,  to 
which  the  membranes  become  firmly  adherent.  In  the  centre  of  the  cicatrix 
may  be  a  darker  patch  containing  crystals  of  h^matoidin,  indicating  its 
hsemorrhagic  origin.  If  much  blood  have  been  extravasated  into  the  cavity 
of  the  arachnoid,  it  occasionally  happens  that,  instead  of  being  completely 
absorbed,  it  becomes  decolorized  and  partly  organized,  forming  a  layer  often 
of  almost  leathery  consistence  and  of  dkty  brownish  colour,  which  remains 
permanently  adherent  to  one  or  both  sides  of  the  arachnoid  space.  Occasionally 
it  forms  a  complete  cyst,  flattened  out  in  the  arachnoid  cavity,  and  containing 
a  trace  of  fluid.  Such  cysts  are  usuafly  adherent  to  the  dm-a  mater,  but  have 
been  found  loose  in  the  arachnoid  space. 

Symptoms  and  Effects. — The  symptoms  and  results  of  wound  or  lacera- 
tion of  the  brain  vary  greatly  according  to  the  nature  of  the  accident,  the  seat 
of  the  injmy,  the  age  of  the  patient,  and  other  conditions  which  cannot  always 
be  very  readily  determined. 

The  ordinary  symptoms  of  laceration  of  the  brain  are  at  first  merely  those 
of  concussion  ah-eady  described  (p.  748).    As  before  stated,  "  concussion  of 
the  brain  "  is  a  clinical  expression  only,  and  probably  in  all  cases  in  which  the 
patient  rallies  slowly,  and  certainly  in  those  in  which  a  return  of  consciousness 
is  delayed  over  twelve  hours,  there  is  more  or  less  bruising  and  laceration  of 
the  cerebral  substance.    If,  as  the  patient  raUies,  the  symptoms  of  concussion 
graduaUy  merge  into  those  of  compression  (p.  751),  within  twelve  or  eighteen 
hours,  we  may  be  sm-e  that  this  is  due  to  haemorrhage  within  the  skull,  either 
from  a  laceration  of  the  brain  or  from  wound  of  a  meningeal  artery  or  a 
venous  sinus.  The  diagnosis  of  this  latter  condition  will  be  referred  to  further 
on  (p.  770).    If  soon  after  the  injury  cerebral  irritation  (p.  752)  sets  in,  we 
may  be  certain  that  laceration  of  the  brain  is  present,  probably  in  the  frontal 
region.    Violent  convulsions  occurring  within  twelve  hours  of  an  injury  to 
the  head  are  almost  invariably  due  to  hemorrhage  from  a  laceration  of  the 
brain,  either  tearing  down  the  brain-substance"  in  the  region  of  the  motor 
centres  or  diffusing  itself  widely  in  the  arachnoid  cavity.    Lastly,  impairment 
of  function  in  any  part  of  the  brain,  with  the  function  of  which  we  are 
acquainted,  occurring  as  the  direct  result  of  injury,  may  be  looked  upon  as 
evidence  of  bruising  or  laceration  of  that  part.     On  the  second  day  the 
temperature  rises  to  about  100°  F.  in  all  cases  of  laceration  of  the  brain,  and 
by  the  third  day  it  is  usuafly  101°  F.  or  102°  F.,  even  when  the  air  is  excluded 
from  the  injured  part. 

In  many  cases  of  lacerated  brain  the  patient  recovers  after  having  regained 
consciousness  without  any  further  trouble  than  a  fixed  headache  for  some  days 
or  weeks  over  the  injured  spot.    This  is  espcciaUy  common  when  the  laceration 
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is  in  the  frontal  lobes.  In. cases  of  compound  fmcture  with  laceration,  septic 
meningo-euccphalitis  is  a  frequent  complication,  though  at  the  present  time 
much  less  common  than  formerly  owing  to  the  more  efficient  treatment  of  the 
wound.  Should  this  occur  the  symptoms  of  this  affection  (p,  777)  mask  all 
those  specially  indicative  of  laceration.  Even  if  the  jjatieut  escapes  this 
danger  he  is  still  liable  to  local  inflammation  possibly  terminating  in  suppura- 
tion or  to  spreading  oedema  (p.  75G )  round  the  injured  area.  These  com- 
pUcations  when  they  occur  usually  manifest  themselves  by  definite  signs  from 
the  third  to  the  fifth  day.  If  the  lesion  is  not  seated  in  the  region  of  the 
cortical  motor  areas  the  only  symptom  may  be  increasing  insensibility  with 
gradual  development  of  the  signs  of  compression  of  the  brain.  If  the  region 
of  the  cortical  motor  centres  is  implicated  convulsions  usually  form  a  promi- 
nent feature  of  the  case.  These,  though  very  alarming  to  the  Surgeon  and  to 
the  friends  of  the  patient,  are  by  no  means  to  be  looked  upon  as  hopelessly 
fatal.  If  the  fits  are  not  accompanied  by  gradually  spreading  paralysis,  and  if 
consciousness  returns  between  them  there  is  a  good  hope  of  recovery,  especially 
if  the  i)atient  be  young  and  otherwise  healthy. 

Suppuration  is  a  very  rare  complication  of  laceration  without  an  open 
wound,  but  it  is  sometimes  met  with,  coming  on  occasionally  some  weeks  after 
the  accident.  It  is  indicated  by  elevation  of  temperature  and  a  gradual 
increase  in  the  distm-bance  of  function — as  spreading  paralysis,  loss  of  con- 
sciousness, and  convulsions  if  the  motor  area  is  affected,  with  the  special 
symptoms  subsequently  to  be  given  in  describing  intracranial  suppuration 
(p.  778). 

The  recovery  after  laceration  of  the  brain  is  often  incomplete,  locahsed 
paralysis  or  permanent  loss  of  some  mental  faculty  not  uncommonly  remaining. 

These  being  the  general  symptoms  of  laceration  of  the  brain,  it  remains  to 
be  considered  how  they  may  be  varied  or  modified  by  the  nature  of  the  injury 
and  other  circumstances. 

The  Nature  of  the  Injury.  If  the  brain  be  injured  directly  by  some  sharp- 
pointed  or  cutting  instrument,  as  a  sword  or  hatchet,  the  symptoms  of  con- 
cussion may  be  entirely  wanting  ;  the  patient  may  not  suffer  from  even 
momentary  loss  of  consciousness.  The  same  may  occur  when  a  blow  with 
some  angular  body  is  received  on  the  thin  portions  of  the  skull.  Thus  a  young 
man  was  admitted  into  University  College  Hospital  suffering  from  an  injury 
to  the  brain  which  caused  aphasia  and  facial  paralysis,  received  in  a  fall 
against  some  steps.  In  spite  of  the  severity  of  the  injury  he  did  not  lose  con- 
sciousness, or,  if  he  did,  it  was  certainly  for  less  than  one  minute.  In  punc- 
tured fi-actures  the  patient  frequently  walks  to  the  hospital  unconscious  of 
having  received  any  further  injury  than  a  cut  head.  It  is  not  even  uncommon 
to  see  a  patient  with  a  wound  from  which  broken  down  fragments  of  brain 
substance  are  protruding,  and  who  is  yet  perfectly  conscious  and  has  suffered 
only  from  a  few  minutes  of  insensibility.  On  the  other  hand,  when  the 
laceration  is  due  to  a  more  diffused  blow  on  the  head,  in  those  cases  in  fact  in 
which  it  is  situated  on  the  op])Osite  side  to  that  struck,  concussion  is  almost 
always  more  or  less  distinctly  marked.  In  these  the  injury  is  more  diffused 
and  seldom  at  first  capable  of  accurate  localization,  for  in  addition  to  the  local 
injury  the  whole  brain  has  been  shaken  and  concussed.  Under  such  circum- 
stances, it  is  not  surprising  that  the  return  of  consciousness  is  often  delayed 
for  days  or  even  weeks. 
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The  Locality  of  the  Injury.    Until  comparatiTeiy  recently  we  had  no  means 
at  our  command  by  which  we  could  with  any  certainty  recognize  the  exact  part 
of  the  brain  which  was  bruised  or  lacerated  by  an  accident  unless  the  nature 
of  the  injury  was  such  ,  as  to  leave  no  doubt  that  the  cerebral  substance  was 
wounded  directly  beneath  the  part  of  the  skull  to  which  the  violence  had  been 
applied.    It  was  known  that  injuries  to  one  side  of  the  brain  caused  paralysis 
of  the  opposite  side  of  the  body  and  face,  and  that  sometimes  the  paralyses 
affected  merely  a  part  of  one  side,  and  were  very  temporary  in  their  character  ; 
that  in  other  cases  extensive  injuries  of  the  brain  were  not  accompanied  by  any 
interference  with  motor  power  ;  but  there  was  no  accurate  knowledge  by  which 
the  seat  of  the  injury  could  even  approximately  be  determined  by  the 
symptoms.    The  earliest  definite  attempt  to  locahze  an  injury  in  the  cerebral 
hemispheres  was  made  by  Broca,  who  pointed  out  in  1861  that  the  condition 
now  known  as  aphasia,  in  which  the  patient  loses  the  faculty  of  converting 
his  ideas  into  articulate  speech,  is  associated  almost  invariably  with  some 
definite  lesion  of  the  posterior  part  of  the  third  left  frontal  convolution  ;  but 
it  is  to  the  experunents  of  Hitzig  in  1870  and  1871,  and  of  Ferrier  in  1873 
and  the  following  vears,  that  we  owe  the  full  establishment  of  the  doctrine  of 
the  localization  of 'the  cerebral  functions.    The  observations  of  these  Physiolo- 
gists have  been  confirmed,  and  their  important  bearing  on  practical  medicine 
and  sm-geiy  demonstrated  by  the  clinical  and  pathological  researches  of 
Charcot,  Lucas-Championniere,  Bergmaun,  and  many  others.    As  the  residt 
of  experimental  observations  upon  the  brains  of  dogs,  monkeys,  and  other 
animals,  it  has  been  demonstrated  that  the  cortical  matter  of  the  brain  in  the 
region  of  the  sulcus  of  Eolando  is  the  seat  of  various  centres  which  are 
connected,  in  some  way  at  present  not  fully  understood,  with  the  voluntary 
muscular  movements  of  the  body.    Hitzig  and  Ferrier  showed  that  if  certain 
definite  points  in  this  area  are  Stimulated  by  an  extremely  weak  faradic 
current,  definite  groups  of  muscles  on  the  opposite  side  of  the  body  are  thrown 
into  action;  when  the  strength  of  the  current  is  increased  the  resulting 
movements  are  no  longer  accurately  limited  but  extend  to  a  whole  limb 
or  the  whole  side  of  the  body  ;  a  still  stronger  current  gives  rise  to  a  general 
epileptiform  convulsion  affecting  the  whole  body  and  accompanied  by  loss  of 
consciousness.    Destruction  of  these  definite  areas  causes  paralysis  of  the 
corresponding  group  of  muscles,  but  the  evidence  as  to  the  permanence  of 
this  paralysis  is  somewhat  conflicting.    It  seems  probable  that  it  is  more 
permanent  in  the  higher  than  in  the  lower  animals,  as  in  monkeys,  Ferrier 
found  that  permanent  paralysis  of  one  side  of  the  body  was  occasioned  by 
destruction  of  the  cortical  motor  centres  on  the  opposite  side  of  the  brain. 

CUnical  observations  have  shown  that  injuries  of  the  convolutions  in  the 
region  of  the  sidcus  of  Rolando  in  the  human  subject  are  accompanied  by 
symptoms  agreeing  in  every  respect  with  those  experimentally  produced  by 
Hitzig  and  Ferrier  in  animals.  These  symptoms  may  be  divided  into  primary 
and  secondary,  according  as  they  are  immediately  induced  at  the  time  of 
the  injury,  or  appeal-  later  on  as  the  result  of  inflammatory  mischief  or 
spreading  oedema  around  the  injured  part  of  the  cortex.  When,  as  the  result 
of  either  primary  or  secondary  mischief,  a  distinct  group  of  muscles  is 
paralysed,  the  term  "  monoplegia  "  is  appUed  to  the  condition  ;  when  a  similar 
gi'oup  is  thrown  into  spasm,  it  is  spoken  of  as  "monospasm."  Thus,  if  the 
upper  limb  alone  is  affected  it  would  be  described  as  brachial  monoplegia,  or 
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monospasm,  as  the  case  might  be.  If  a  patient  receive  a  blow  upon  the  head, 
and,  on  recovering  consciousness,  it  is  found  that  a  localized  paralysis  is 
present,  we  conclude  that  there  exists  a  laceration  of  some  severity  in  the 
cortical  centre  corresponding  to  the  muscles  implicated.  If  almost  immediately 
after  the  injury  there  is  a  distinct  spasm,  affecting  a  localized  group  of  muscles, 
a  monospasm,  we  conclude  that  haemorrhage  is  going  on  from  the  lacerated 
brain-substance,  and  irritating  or  breaking  down  the  tissue  of  the  centre 
corresponding  to  the  aflFected  muscles  ;  if  the  monospasm  extends,  first 
affecting  the  whole  side  of  the  body  and  finally  both  sides,  so  that  the  attacks 
assume  the  form  of  true  epileptic  fits,  it  is  probable  that  the  extravasated 
blood  is  extending  over  the  surface  of  the  brain  and  irritating  more  or  less 
widely  the  whole  motor  area.  As  shown,  however,  by  the  experiments  before 
mentioned,  it  is  not  necessary  for  both  sides  of  the  brain  to  be  injured  in  order 
to  produce  a  general  spasm  ;  a  violent  irritation  at  one  spot  only  is  suflicient. 
Consequently  it  is  possible  that  such  convulsions  might  be  caused  by 
htemorrhage  breaking  down  the  brain-tissue  in  a  hmited  area.  The  con- 
vulsions in  these  cases  usually  assume  a  regular  course  ;  the  fit  commences  by 
twitching  of  that  part,  which,  in  the  intervals  of  the  fits,  is  most  clearly 
paralysed  ;  thus,  in  an  injury  in  which  the  centre  of  the  right  side  of  the  face 
is  chiefiy  affected,  and  in  which  facial  paralysis  is  well  marked,  the  fit  com- 
mences by  twitching  of  the  right  side  of  the  face,  then  the  head  is  turned 
forcibly  to  that  side,  then  the  right  arm  enters  into  the  spasm,  then  the  right 
leg,  after  which  the  left  leg,  left  arm  and  left  side  of  the  face  are  affected  in 
the  order  mentioned.  During  the  spasm  the  muscles  of  respiration  become 
fixed,  the  face  becomes  livid,  and  the  patient  froths  at  the  mouth  as  in  a 
genuine  epileptic  fit.  The  attacks  of  convulsions  often  occur  in  rapid 
succession,  and  after  each  the  paralysis  may  be  found  to  have  extended  ;  the 
return  to  the  normal  state  between  the  fits  may  become  less  and  less  perfect, 
and  finally  coma  may  set  in.  In  such  a  case  if  coma  is  complete  within 
twenty-four  hours  of  the  accident  hEemorrhage  from  a  laceration  might  be 
diagnosed  with  tolerable  safety,  and  the  question  of  trephining  might  arise,  the 
site  of  the  operation  being  determined  not  by  the  situation  of  any  external 
wound  or  bruise,  but  by  the  indications  of  cortical  lesion  furnished  by  the 
paralyses  and  spasms.  It  may  happen,  however,  that  the  convulsions  may  not 
come  on  till  the  third,  fourth  or  fifth  day.  They  are  then  in  some  cases  of 
compound  fractm-e  due  to  septic  meningitis  extending  over  the  motor  area. 
In  cases  without  an  open  wound  convulsions  at  this  period  are  due  to  inflam- 
matoiy  hyper^emia  or  spreading  oedema  from  interference  with  the  circulation 
in  the  injured  area  (p.  756),  extending  round  the  injured  spot.  In  iavourable 
cases  this  frequently  subsides,  and  the  patient  recovers  ;  but  in  others  it  goes 
on  to  such  an  extent  as  seriously  to  damage  the  brain-substance,  the  convulsions 
increase  in  intensity  and  are  repeated  more  frequently,  the  return  to  the 
normal  state  between  the  fits  becomes  less  and  less  perfect,  and  finally  coma 
sets  in  and  death  occurs.  If  the  laceration  be  situated  near,  but  not  in  the 
motor  area,  there  may  be  no  paralysis  till  after  the  convulsions,  and  the 
paralysis  may  then  gradually  extend  after  each  convulsion,  indicating  the 
gi'adual  spread  of  the  mischief  into  the  region  of  the  motor  centres.  In  other 
cases  again,  the  superficial  motor  centre  may  be  affected  at  a  much  later  period 
by  the  formation  of  an  abscess  in  the  substance  of  the  brain.  It  is  in  these 
cases,  perhaps,  that  the  study  of  the  localization  of  the  functions  of  the 


LOCALIZATION  OF  CEREBRAL  INJURY. 


761 


cerebral  hemispheres  is  of  the  greatest  importance,  enabling  the  Surgeon  to 
determine  the  exact  seat  of  the  secondary  lesion.  In  the  primary  lesion,  the 
external  injmy  of  the  scalp  or  skull  will  often  suffice  to  lead  the  Sm-geon  to  a 
correct  conclusion  as  to  the  seat  of  the  injury  to  the  brain  ;  but  in  secondary 
or  consecutive  disease,  such  guides  may  be  entirely  wanting. 

The  following  is  a  short  summary  of  the  combined  results  of  experimental, 
clinical,  and  pathological  observations  as  apphed  to  the  human  brain, 

1.  Aphasia  is  dependent  on  a  lesion  of  the  posterior  extremity  of  the  third 
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Fig.  321.— Convolutions  of  the  Brain;  S.  Fissure  of  Sylvius  ;  Sa.  Anterior  Limb  ;  Sp.  Posterior  Limb  of 
Fissure  of  Sylvius ;  R.  Fissure  of  Rolando ;  PO.  Parieto-occipital  Fissure ;  I  P.  Inter-parietal  Fissure  ; 
PT.  Pai-aUel  Fissure ;  SF.  Superior  Frontal  Sulcus  ;  IF.  Inferior  Frontal  Sulcus  ;  F  1,  F  2,  F  3.  Superior, 
Middle,  and  Inferior  Frontal  Convolutions  ;  F  4.  Ascending  Frontal  Convolution  ;  P  1.  Ascending  Parietal 
Convolution  ;  P  2.  Superior  Parietal  Convolution  ;  P  3.  Su]ira-inarginal  Lobule  :  P  4.  Angular  Convolution  ; 
TS  1,  TS  2,  TS  3.  Superior,  Middle,  and  Inferior  Temporo-sphenoidal  Convolutions  ;  O  1,  O  2,  O  3.  Superior, 
Middle,  and  Inferior  Occipital  Convolutions ;  R".  Broca's  Convolution.    (From  Lucas-Cliauipionniere.) 

or  inferior  frontal  convolution  of  the  left  side — Broca's  convolution  (Fig.  321, 
between  F3'  and  R"). 

2.  Facial  Paralysis  depends  on  a  lesion  of  the  lower  third  of  the 
ascending  frontal  convolution  and  the  contiguous  part  of  the  posterior 
end  of  the  second  frontal.    The  anterior  part  of  this  area  is  chiefly  concerned 

!  in  the  movements  of  the  upper  part  of  the  face.  The  posterior  pai-t,  which 
extends  to  the  lower  third  of  the  ascending  parietal  convolution,  controls 

:  the  movements  of  the  lip  and  mouth.  The  fact  that  these  centres  are  close 
to  Broca's  convolution,  explains  the  frequent  combination  of  facial  palsy 
and  aphasia. 

3.  Paralysis  of  the  Upper  Limh  or  brachial  monoplegia  indicates  an 
i  affection  of  the  middle  portion  of  the  ascending  frontal  convolution,  and  the 
I  contiguous  part  of  the  ascending  parietal  on  the  other  side  of  the  sulcus  of 

Rolando  (about  the  spot  marked  R').  This  centre  being  immediately  above 
I  those  for  the  face,  it  is  common  to  meet  with  a  combination  of  facial  palsy 
;  and  paralysis  of  the  arm. 

4.  Paralysis  of  the  Lower  Limb  indicates  a  lesion  of  the  upper  extremity 
of  the  ascending  parietal  convolution,  and  of  the  posterior  parietal  lobule  lying 

'behind  it,  and  reaching  to  the  margin  of  the  longitudinal  fissure  (P2). 

The  foregoing  localizations  arc  agi'eed  upon  by  almost  all  observers  ;  but 
about  some  others,  there  is  a  difference  of  opinion.    Ferrier  states,  that  in 


762 


INJURIES  OF  THE  HEAD 


fronb  of  the  centres  for  the  upper  limb,  in  the  superior  frontal  and  part  of  the 
middle  convolutions,  reaching  to  near  the  longitudinal  fissure  of  the  brain  is  a 
centre  which  controls  lateral  movements  of  the  head  and  eyes  and  dilatation  of 
the  pupil,  the  oculo-motor  centre.  He  states  also  that  tliere  is  a  centre  for 
vision  along  the  lower  part  of  the  parietal  lobe,  a;nd  one  for  hearing  in  the 
first  or  superior  temporo-sphenoidal. 

The  above  facts  may  be  made  more  clear  by  a  few  typical  cases. 

In  1881,  a  young  man,  age  20,  was  admitted  into  Univer.sity  College 
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Fig.  322.— The  Relation  of  the  Convolutious  to  tlie  Boues  and  Surface  of  the  SkuU.  R.  Fissun-  -t 
Rolando:  Pa.  Asuendmg  Parietal  ;  Fci.  Ascending  Frontal  Convolution  ;  F  3.  Broca's  Convolution,  (Fihih 
Lucas-Championniere.) 

Hospital  on  the  second  day  after  he  had  received  a  rather  violent  blow  on  the 
left  temple  in  a  fall  from  some  steps.  On  manipulating  his  head,  a  sensation 
was  felt  as  if  a  small  round  piece  of  the  thin  part  of  the  bone  in  that  region 
had  been  broken  loose  •  it  was  not  depressed,  and  as  further  manipulation 
seemed  dangerous,  pressure  was  not  repeated  on  it.  He  was  not  stunned  by 
the  accident,  or  at  most  for  a  few  seconds  only,  but  immediately  lost  the 
power  of  speech  ;  he  could  understand  what  was  said  to  him,  but  could  say 
"yes,"  and  "no,"  and  nothing  more.  On  the  third  day  there  was  distinct 
paralysis  of  the  lower  facial  muscles  on  the  right  side  :  on  the  fifth  day,  a 
clonic  spasm  commenced  in  the  lower  facial  muscles,  and  gradually  extended 
to  the  upper,  and  he  lost  consciousness.  This  lasted  nearly  half  an  hour, 
when  he  recovered,  and  was  leeched  over  the  iujm'ed  spot,  after  which  he  i'oll 
into  a  sound  sleei>,  and  from  that  time  rapidly  improved,  being  practically 
well  by  the  fifteenth  day. 

A  gentleman,  aged  3'.),  was  thrown  from  his  horse,  striking  his  head  nolently 
on  the  ground.    He  was  taken  up  insensible,  and  was  found  to  have  a  con- 
siderable extravasation  in  the  right  occii)ital  region  ;  there  were  no  signs  of  I 
fracture.    He  soon  regained  partial  consciousness  ;  he  was  quite  unable  to 
speak,  and  did  not  seem  to  recognize  anyone,  but  from  the  first  he  got  out  of  1 
bed  to  make  water,  and  showed  signs  of  discomfort  when  he  wanted  to  use  : 
the  bed-pan.    On  the  second  day,  he  was  restless  and  his  mental  condition  the 
same.    On  the  fifth  day,  he  could  give  the  right  or  left  hand  when  asked, 
though  his  mind  was  very  far  from  clear  ;  his  speech  was,  however,  evidently 
worse  than  the  state  of  his  mind  could  account  for  ;  he  used  only  a  few  words, 
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repeating  them  frequently  ;  there  was  no  paralysis.    On  the  sixth  day,  he  had 
violent  convdsions,  commencing  with  twitching  of  the  right  side  of  the  face, 
.  followed  by  turning  of  the  head  to  the  right,  a  rigid  spasm  of  the  right  arm, 
;  then  of  the  leg  ;  the  spasm  then  became  clonic  and  aflPected  the  left  leg  and 
:  arm,  and  finally  the  left  side  of  the  face.    Between  10.30  a.m.  and  2.30  p.m., 
\  he  had  twenty-one  convulsions  ;  his  head  was  shaved,  and  he  was  leeched,  and 
;  the  convulsions  ceased.    The  following  day  it  was  noticed  that  the  right  side 
.  of  the  face  was  paralysed.    From  this  time  his  recovery  was  slow,  but  uninter- 
rupted.   It  was  many  months  before  he  regained  the  full  use  of  words,  and 
(  during  that  time  he  was  haunted  by  an  idea  which  he  could  not  explain.  Six 
months  after,  he  had  a  violent  epileptiform  fit,  preceded  by  aphasia,  lasting 
some  minutes,  but  he  recovered  without  any  evil  consequences  ;  he  was  suffer- 
ing at  the  time  from  dyspepsia  and  constipation.    On  the  first  anniversary' of 
his  accident,  he  had  a  similar  fit,  and  since  that  time  several  more  have 
occurred  at  gradually  increasing  intervals.    They  have  always  been  preceded 
by  aphasia,  lasting  some  time.    On  one  occasion  he  signed  ah  important 
cheque  during  the  aphasic  period  knowing  the  fit  was  coming  on. 

In  the  surgical  history  of  the  American  war  is  recorded  the  case  of  a  man 
who  received  a  bullet-wound  which  grazed  the  skuU  from  the  upper  part  of 
the  frontal  region  to  the  vertex.  The  right  arm  was  immediately  paralysed, 
at  first  only  partially,  but  gradually  the  whole  limb  became  powerless.'  Nine 
months  after  the  wound  he  was,  however,  well  enough  to  be  returned  to  duty. ' 

Guthrie  records  a  case  of  a  soldier,  aged  40,  who  was  wounded  at  Waterloo 
by  a  bullet,  which  passed  across  his  head  close  to  the  vertex,  fracturing  and 
depressing  both  parietal  bones.  He  was  stunned  by  the  blow,  and  when  he 
recovered  found  he  had  lost  power  in  both  lower  limbs.  He  was  trephined 
ten  days  after  the  battle  and  made  a  good  recovery,  ultimately  regaining  much 
power  in  his  legs. 

These  cases  sufficiently  illustrate  the  chief  clinical  features  of  injuries  affect- 
ing the  motor  region  of  the  cortex  of  the  hemispheres.  On  each  side  of  this 
motor  region  is  an  area  the  functions  of  which  are  not  yet  ascertained.  It  is 
well  known  that  considerable  portions  of  the  anterior  parts  of  the  frontal  lobes 
may  be  lost  without  the  patient  showing  any  appreciable  change  either 
mentahy  or  physically  ;  of  the  occipital  region  even  less  than  this  is  known. 

As  these  cases  may  require  the  use  of  the  trephine,  it  is  of  great  importance 
that  we  should  be  able  clearly  to  answer  the  question  whether  the  paralysis  is 
dependent  on  central  or  cortical  lesion.  If  due  to  compression  or  laceration 
of  a  central  ganglion,  it  is  obvious  that  the  trephine  would  be  useless.  In 
these  cases  the  paralysis  will  probably  have  been  immediate,  its  completeness 
will  be  very  marked,  and  the  whole  of  one  side  of  the  body  at  least  will  in  all 
probability  suffer.  In  coriical  lesions,  in  which  the  trephine  may  sometimes 
be  advantageously  applied,  the  paralysis,  although  it  may  be  present  imme- 
diately after  the  accident,  often  does  not  appear  for  some  time  ;  it  is  less 
complete  and  less  extensive,  sometimes  affecting  single  groups  of  muscles. 

The  Age  of  the  Patient  exerts  some  influence  on  the  symptoms  and  course  of 
a  case  of  laceration  of  the  brain.  Children,  especially,  have  been  known  to  bear 
extensive  injuries  of  the  brain,  and  even  the  loss  of  a  considerable  quantity  of 
cerebral  matter,  without  any  very,  serious  effects,  either  immediate  or  remote  ; 
and  it  is  by  no  means  uncommon  to  see  them  live  several  days  with  an  extent 
of  injury  to  the  brain  which  would  rapidly  have  proved  fatal  to  an  adult. 
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Indeed  it  may  be  stated  generally,  that  the  younger  the  patient,  the  greater  the 
chance  of  recovery.  So,  also,  the  prognosis  may  be  considered  more  favourable 
in  men  of  the  labouring  class,  whose  minds  are  but  little  exercised,  than  in 
persons  of  more  cultivated  intellect. 

Foreign  bodies  even  of  large  size  and  considerable  weight  have  been  lodged 
for  a  considerable  time  within  the  skull,  in  contact  with  the  brain,  without 
occasioning  death.  Thus  Hennen  states  that  he  has  seen  five  cases  in  which 
bullets  were  lodged  within  the  skull,  that  did  not  prove  immediately  fatal. 
Cunningham  relates  the  case  of  a  boy  who  lived  for  twenty-four  days  with  the 
breech  of  a  pistol,  weighing  nine  drachms,  lying  on  the  tentorium,  and  resting 
against  the  occipital  bone.  O'Callaghan  has  recorded  the  remarkable  case 
of  an  oflBcer  who  lived  about  seven  years  with  the  breech  of  a  fowling- 
piece,  weighing  three  ounces,  lodged  in  the  forehead  ;  the  right  hemisphere 
of  the  brain  resting  on  the  flat  part,  from  which  it  was  separated  only  by  false 
membrane.  Guthrie  records  two  cases  in  which,  although  a  ball  had  lodged  in 
the  brain,  the  patients  apparently  recovered.  Both,  however,  died  suddenly 
when  drunk  within  a  year  after  having  received  the  wound.  In  one,  who  lived 
almost  exactly  a  year,  the  bullet  was  found  in  a  sort  of  cyst  lying  in  the 
corpus  callosum  ;  in  the  other,  who  lived  only  a  few  months,  it  was  lodged 
deeply  in  a  cyst  in  the  posterior  lobe  of  the  brain. 

The  Diagnosis  of  Cerebral  Laceration  varies  much  in  difficulty,  for,  as 
before  stated,  the  special  symptoms  indicative  of  laceration  may  be  masked  by 
those  of  compression  or  septic  meningo-encephalitis.    A  careful  consideration 
of  the  history  and  all  the  features  of  the  case  will,  however,  usually  enable  the 
Surgeon  to  come  to  a  conclusion  as  to  the  presence  of  laceration ;  long  continued 
insensibility  without  profound  coma,  convulsions, irregular  and  localized  paraly- 
sis and  spasms,  are  amongst  the  most  important  signs.  Cerebral  m-itation  may 
be  looked  upon  as  always  indicating  laceration.    Some  confusion  may  occasion-  • 
ally  arise  from  the  fact  that  the  paralysis  or  convulsions  resulting  from  a 
cerebral  lesion  are  always  manifested  on  the  side  of  the  body  opposite  to  that 
on  which  the  injury  to  the  brain  exists  ;  but  not  necessarily  opposite  to  that 
on  which  the  blow  has  been  inflicted  on  the  head  :  for  the  injury  to  the  brain 
may,  by  counter-stroke,  be  in  that  cerebral  hemisphere  which  is  opposite  to 
the  side  of  the  head  that  has  been  struck.    Thus,  if  a  person  struck  on  the 
right  side  of  the  head  sustain  a  rupture  of  the  middle  meningeal  artery,  and 
have  extravasation  of  blood  on  the  right  hemisphere  of  the  brain,  he  may  have  1 
hemiplegia  on  the  left  side,  and  vice  versa.    But,  if  the  blow  that  is  inflicted  i 
ou  the  right  side  gave  rise  to  extravasation  by  counter-stroke  on  the  left  side  : 
of  the  head,  the  paralysis  would  develop  itself  on  the  side  that  had  been  1 
struck.    So  it  is  with  convulsive  movements  ;  they  will  occur  in  the  arms  and  I 
legs,  on  the  side  opposite  to  that  on  which  the  brain  has  been  injured,  whether 
that  injury  be  on  the  side  struck  from  direct  violence,  or  on  the  opposite  side 
from  counter-stroke.    In  this  way  the  hemiplegia  may  occur  on  one  side,  and  : 
the  convulsions  on  the  other.    A  man  was  struck  a  violent  blow  on  the  7ight 
temple.    He  was  seized  with  hemiplegia  and  facial  paralysis  on  the  left  side, 
and  with  convulsive  movements  of  the  right  side  of  the  face,  the  rig/it  arm, 
and  leg.    He  died  a  few  days  after  the  injury.    On  examination,  we  found  a 
fissure  of  the  right  parietal  bone,  laceration  of  the  middle  meningeal  artery, 
and  a  large  clot  pressing  on  the  right  side  of  the  brain  :  hence  the  hemiplegia 
on  the  kfl  side  of  the  body.    There  was  laceration  of  the  middle  lobe  of  the 
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braiu  on  the  left  side :  hence  the  convulsive  movements  of  the  ri(/M  side  o.f  the 
face,  body,  and  limbs. 

The  Prognosis  in  wounds  of  the  brain  varies  greatly  according  to  the  part 
that  is  injured,  the  nature  of  the  injury,  and  the  age  of  the  patient.  The 
danger  is  greatest  and  most  immediate  in  injuries  which  affect  the  base  of  the 
brain,  the  pons,  crura  cerebri  or  medulla ;  it  is  least  when  the  upper  and  anterior 
part  of  the  hemispheres  is  the  seat  of  lesion.  Lacerations  with  open  wounds, 
or  compound  fractures  of  the  skull,  or  wibh  penetration  of  a  foreign  body,  are 
necessarily  much  more  dangerous  than  those  unaccompanied  by  such  com- 
pUcafcions.  Age  exerts  a  very  marked  influence  on  the  prognosis  ;  the  younger 
the  patient  the  more  hopeful  the  case,  other  conditions  being  equal.  The 
following  may  be  looked  upon  as  grave  symptoms :  early  violent  convulsions, 
extensive  paralysis,  and  the  rapid  supervention  of  coma  ;  a  very  high  tempera- 
ture with  great  restlessness.  The  later  convulsions  about  the  fifth  day,  although 
grave,  are  by  no  means  hopeless  symptoms  ;  they  become  grave  if  they  are 
frequently  repeated,  and  if  in  the  intervals  there  is  found  to  be  an  extension 
of  any  paralysis  that  may  be  present,  and  especially  if  the  condition  of  insensi- 
bility is  found  to  be  gradually  deepening  after  each  attack.  When  the  symp- 
toms of  intracranial  suppuration  set  in,  the  case,  although  desperate,  is  not 
quite  hopeless. 

Treatment.— In  the  treatment  of  injuries  of  the  brain,  little  can  be  done 
after  the  patient  has  rallied  from  the  shock,  beyond  attention  to  strict  anti- 
phlogistic treatment,  though  this  need  not  be  of  a  very  active  kind.  In  these 
cases,  indeed,  as  much  should  be  left  to  Nature  as  possible,  the  Surgeon  merely 
removing  all  sources  of  irritation  and  excitement  from  his  patient,  and  apply- 
ing an  antiseptic  dressing  when  there  is  a  wound. 

If  any  foreign  body  be  lodged  in  the  skull,  ib  must  of  course  be  removed, 
if  possible.  This  may  be  done  if  it  be  situated  near  the  external  wound,  or 
fixed  in  the  bone  ;  but  if  it  have  penetrated  deeply  into  the  substance  of  the 
brain,  and  have  gone  completely  out  of  reach,  it  would  be  perhaps  more 
dangerous  to  trephine  the  skull  on  the  chance  of  reaching  it,  or  in  any  other 
way  to  go  in  search  of  it,  than  to  leave  it  where  it  is.  Bullets  should  always 
be  extracted  if  they  can  be  found.  On  this  point  military  Surgeons  are  agreed. 
If  they  enter  the  skull,  and  strike  against  and  fracture  the  opposite  side  with- 
out escaping,  should  they  be  sought  for  ?  I  think  not.  Lan-ey  and  Bell,  it 
is  true,  have  extracted  the  ball  on  the  side  of  the  head  opposite  the  point  of 
entrance.  But  it  may  not  be  found  there.  In  a  case  of  suicide  to  which  I  was 
called  some  years  ago,  a  gentleman  had  shot  himself  through  the  right  temple; 
immediately  opposite  the  wound,  on  the  left  temple,  was  a  raised,  loose,  and 
stellate  fracture  of  the  skull,  over  which  the  scalp  was  uninjured.  I  cut  down 
on  this  and  removed  the  fragments  of  bone,  expecting  to  find  the  ball  beneath 
them  ;  but  in  this  I  was  disappointed,  and  after  death  the  bullet  was  found 
lying  in  the  base  of  the  skull,  whither  it  had  i*olled.  All  operations  performed 
in  such  cases  should  be  carried  out  with  strict  antiseptic  precautions. 

In  cases  of  laceration  of  the  brain  without  open  wound  nothing  is  required 
at  first  beyond  keeping  the  bowels  open,  applying  cold  to  the  head,  and  perfect 
quiet.  Should  there,  however,  be  early  convulsions  or  paralyses  sufficiently 
definite  to  indicate  the  seat  of  the  lesion,  followed  rapidly  by  coma  threatening 
death,  and  evidently  due  from  its  early  occurrence  to  hpcmoiThage  from  a 
laceration,  the  question  of  trephining  over  the  point  of  injury  .to  the  brain  may 
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arise.  So  far  such  treatment  has  not  been  sufficiently  successful  to  encourage 
Surgeons  to  adopt  it,  but  we  have  yet  to  learn  what  may  be  hoped  from  the 
operation  performed  with  antiseptic  precautions,  and  guided  by  our  increased 
knowledge  in  localization  of  the  injury. 

When  the  convulsions  and  paralyses  occur  at  a  later  period,  and  are  suffi- 
ciently defined  to  enable  the  Surgeon  to  localize  the  seat  of  the  injury,  the 
head  should  be  shaved,  and  leeches  applied  over  the  seat  of  the  laceration,  and 
after  this  an  ice-cap.  If  the  pulse  be  full  and  hard,  and  the  patient  young, 
blood  may  be  taken  also  from  the  arm.  The  bowels  should  be  freely  acted  on 
by  some  brisk  purgative.  Bromide  of  potassium  should  always  be  given  in 
full  doses  as  soon  as  convulsions  appear.  A  case  showing  the  value  of  this 
occurred  in  University  College  Hospital  a  year  or  two  ago.  The  patient  had 
typical  symptoms  of  a  lesion  in  the  region  of  the  centre  for  the  right  arm 
following  a  blow  on  the  head.  He  was  perfectly  conscious  and  beyond  the 
weakness  of  the  arm,  showed  no  symptoms  of  any  kind.  About  the  fifth  day 
epileptiform  convulsions  commenced  ;  rapidly  increasing  in  frequency  and 
violence,  and  accompanied  by  gradual  extension  of  the  paralysis  to  the  face 
and  leg.  It  was  evident  that  unless  relief  could  be  speedily  given  death  was 
inevitable,  and  the  question  of  trephining  was  discussed  ;  but  before  doing  so, 
bromide  of  potassium  was  given  in  full  doses.  The  fits  immediately  ceased, 
and  within  a  few  days  the  patient  feeling  perfectly  well,  insisted  on  leaving 
the  hospital. 

If  in  spite  Of  these  measures  the  convulsions  become  more  violent  and 
general,  the  paralysis  more  extensive,  and  the  state  of  insensibility  deeper,  the 
question  of  treatment  becomes  more  anxious.  The  extension  of  the  mischief 
may  be  due  to  inflammation  extending  around  the  laceration,  and  in  this  case 
it  is  doubtful  if  much  good  could  be  hoped  for  from  trephining.  But  on  the 
other  hand  it  may  be  the  effect  of  non-inflammatory  spreading  oedema  (p.  756), 
and  under  these  circumstances  the  removal  of  the  clot  surrounding  the  lacera- 
tion and  the  relief  of  tension  by  giving  exit  to  the  exuded  fluid  might  be  pro- 
ductive of  the  best  results.  At  any  rate,  when  other  means  have  failed,  and 
the  patient  is  evidently  going  from  bad  to  worse,  it  is  the  Surgeon's  duty  to 
give  him  the  last  chance  offered  by  trephining. 

The  operation  is,  however,  more  hopeful,  and  certainly  should  never  be 
neglected  when  symptoms  of  intracranial  suppuration  supervene  at  a  later 
period  with  localized  paralysis  sufficiently  defined  to  indicate  the  part  of  the 
cortex  affected. 

The  guide  to  the  application  of  the  trephine  in  these  cases  is  the  line  of  the 
sulcus  of  Rolando  (Fig.  323)  on  the  side  opposiie  to  that  in  which  the  paralj/sis 
exists,  the  exact  spot  in  this  line  being  determined  by  the  seat  of  the  paralysis. 
Lucas-Championniere  lays  down  the  following  rules  for  the  application  of  the 
trephine  : — 

1.  When  there  is  general  hemiplegia,  the  crown  of  the  trephine  should  be 
applied  across  the  middle  of  the  line  of  the  sulcus  of  Rolando. 

2.  When  the  arm  and  leg  are  paralysed,  the  trephine  should  be  applied  to 
the  upper  part  of  that  line,  but  not  at  its  very  summit. 

3.  In  paralysis  of  the  upper  limb  only,  the  trephine  should  be  applied  a  little 
in  advance  of  the  middle  third  of  the  line. 

4.  In  simple  aphasia  it  must  be  applied  lower  down,  below  and  a  little  in 
front  of  the  line. 
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5.  AVhen  both  lower  extremities  are  paralysed,  the  top  of  the  line  and  the 
vertex  must  be  trephined. 

6.  When  the  upper  and  lower  extremities  are  paralysed,  the  middle  and 
upper  part  of  the  line  should  be  trephined. 


Fig.  3:23.— Giiiiles  for  tiiuling  the  Line  of  the  Fissm-e  of  Rolando.  (Lucas-Championni^re.) 

7.  Paralysis  of  one  upper  extremity  with  facial  paralysis  requires  trephining 
in  front  of  the  line  at  its  lower  third. 

8.  Paralysis  of  one  upper  extremity  with  aphasia  requires  the  trephine  to  be 
applied  below  and  in  front  of  the  line. 


Fig.  324.— Situations  in  whicli  the  Trephine  may  be  applied.  A,  for  tlie  centre  of  the  lower  liinb ;  B,  for  tlie 
upper  linib  ;  0,  for  the  centre  of  the  face ;  F  3,  Situation  of  Broca's  Convolution. 

9.  In  facial  paralysis  and  aphasia  the  trephine  must  be  applied  in  front  of 
the  line  and  below  its  level. 

In  all  cases  a  large  trephine  should  be  used,  and  if  necessary  it  may  be 
applied  in  more  than  one  place. 

Various  rules  are  given  for  finding  the  line  of  the  sulcus  of  Eolando. 
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Lucas-Champion niere  gives  the  following  :  a  point  55  millimeters  behind  the 
junction  of  the  coronal  and  sagittal  sutures  in  the  middle  line  con-esponds 
to  the  upper  end  (Fig.  328,  E) ;  to  find  the  lower  end  (Fig,  323,  R'),  draw  a 
line  directly  backwards  from  the  external  angular  process  of  the  frontal  bone 
for  7  centimeters  (Fig.  323,  EOP-A) ;  from  the  posterior  extremity  of  this, 
draw  upwards  a  vertical  line  3  centimeters  in  length  (Fig.  323,  AR') ;  the 
upper  end  of  this  corresponds  to  the  lower  end  of  the  sulcus  of  Rolando, 

Thane  gives  the  following  :  "  The  upper  end  of  the  sulcus  of  Rolando  is 
placed  about  half  an  inch  behind  a  point  mid- way  between  the  root  of  the  nose 
and  the  external  occipital  protuberance ;  its  lower  end  is  close  to  the  posterior 
limb,  and  about  an  inch  behind  the  bifurcation  of  the  fissure  of  Sylvius.  The 
bifurcation  of  the  fissure  of  Sylvius  corresponds  to  a  point  one  inch  and  a 
quarter  behind  and  a  quarter  of  an  inch  above  the  level  of  the  external 
angular  process  of  the  frontal  bone." 

Saccharine  Diabetes  is  an  occasional  consequence  of  injuries  of  the  brain. 
A  man  43  years  of  age  was  admitted  into  Hospital  under  my  care  with  para- 
lysis, the  result  of  a  fall  on  the  back  of  his  head.  On  examining  his  m-ine,  it 
was  found  to  contain  sugar  in  very  large  quantity.  Previously  to  the  accident, 
he  had  been  perfectly  well  and  robust ;  and,  as  the  paralytic  symptoms  im- 
proved, the  sugar  lessened  in  quantity,  until  it  disappeared,  and  this  notwith- 
standing the  continued  use  of  saccharine  and  amylaceous  matter  in  the  food. 
Claude  Bernard  has  recorded  some  similar  instances  in  illustration  of  the 
interesting  physiological  facts  pointed  ou4,by  him,  that  in  rabbits  wounds  or 
irritation  of  the  central  portion  of  the  medulla  oblongata,  between  the  origins 
of  the  vagus  and  auditory  nerves  in  the  floor  of  the  fourth  ventricle  of  the 
brain,  occasion  saccharine  diabetes,  and  that  in  the  dog  artificial  traumatic 
diabetes  may  be  induced  by  fracture  of  the  skull  and  injury  of  the  brain. 
In  patients  already  suffering  fi'om  diabetes,  a  blow  on  the  head  is  frequently 
followed  by  fatal  aggravation  of  the  complaint. 

The  Cerebral  Uerves  are  occasionally  injured  at  their  roots,  or  torn  across 
and  detached  from  their  connexion  with  the  brain,  in  injuries  of  the  head. 
These  nerves  may  be  wounded  by  the  same  violence  that  injures  the  brain,  as 
when  a  bullet  traverses  the  head  ;  or  they  may  be  detached  from  their  con- 
nexion with  the  brain  in  laceration  of  the  cerebral  pulp  ;  or,  lastly,  they  may 
be  torn  across  in  fracture  of  the  base  of  the  skull,  by  the  fissure  extending 
across  the  foramen  through  which  the  ner\'e  passes. 

From  these  causes,  or  from  extravasation  of  blood  into  its  sheath,  blindness 
may  result  from  injury  to  the  optic  nerve  at  any  part  of  its  course.  Ptosis, 
and  strabismus  in  different  directibns,  according  as  the  third,  the  fourth,  or 
the  sixth  nerve  has  been  injured,  are  also  occasionally  observed.  But  the 
nerve  that  most  rommonly  sulfers  is  the  seventh,  which,  either  in  its  fecial  or 
in  its  auditory  portion  or  both,  is  not  uncommonly  torn  across  in  fractures  of 
the  petrous  portion  of  the  temporal  bone,  producing  either  paralysis  of  the  facx' 
or  deafness,  or  both  together.  Injury  to  the  eighth  nerve  is  not  common,  or 
rather  it  is  not  common  for  patients  long  to  survive  who  exhibit  evidence  of 
the  lesion.  I  have,  however,  seen  repeated  vomiting,  with  palpitation,  and  a 
sense  of  suffocation  continuing  for  months  after  apparent  injury  to  the 
origins  of  the  pncumo-gastric.  In  other  cases,  from  lesion  to  the  spinal 
accessory,  spasm  of  the  trapezius  and  sterno-mastoid  muscles,  simulating 
tetanus,  may  set  in. 


COMPLICATIOFS  OF  CEREBRAL  INJURY. 


76,9 


COMPLICATIONS    OP   WOUNDS    OF    THE    BRAIN   AND    ITS  MEMBRANES. 

Extravasation  of  Blood  within  the  Skull  necessarily  occurs  in  all 
injuries  of  the  head  accompanied  by  laceration  of  the  brain,  and  in  many  in 
■which  the  skiill  is  fractured  without  wound  of  its  contents.  Indeed,  when  we 
reflect  on  the  great  vascularity  of  the  parts  within  the  skull,  the  large  sinuses, 
the  numerous  arteries  that  ramify  both  within  the  bones  and  at  the  base  of 
the  brain,  and  the  close  vascular  network  extended  over  the  surface  of  this 
organ,  we  can  easily  understand  that  extravasation  of  blood  is  one  of  the  most 
frequent  complications  of  these  injuries  and  a  common  cause  of  death,  when 
they  terminate  fatally  at  an  early  period  after  their  infliction. 

Causes. — Intracranial  extravasation  of  blood  may  occur,  as  the  direct  result 
of  a  fracture,  in  consequence  of  the  fissure  tearing  across  one  of  the  meningeal 
arteries,  or  of  a  fragment  of  bone  wounding  a  sinus.  In  some  cases  the  inner 
table  only  has  been  fractured,  the  middle  meningeal  arteiy  being  torn  in  this 
way  where  it  lies  in  a  groove  in  the  bone.  When  the  brain  is  lacerated  either 
by  the  broken  bone  or  by  indirect  violence,  the  torn  substance  necessarily  bleeds 
more  or  less  abundantly.  In  rare  cases,  especially  in  children,  extravasation 
may  result  fi'om  apparently  trifling  injuries  of  the  head  without  fracture,  from 
the  rupture  by  concussion  of  one  of  the  meningeal  arteries. 

Sitnations. — Extravasation  may  occur  in  four  situations: — 1.  Between  the 
dura  mater  and  the  skull  when  it  proceeds  from  a  wounded  meningeal  artery, 
or  more  rarely,  a  sinus.  2.  In  the  sub-dural  space.  3.  In  the  sub-arachnoid 
space  and  in  the  meshes  of  the  pi^  mater  on  the  surface  of  the  brain  ;  and 
4.  In  the  substance  of  the  brain  or  in  its  ventricles.  In  the  last  three 
situations  the  blood  is  derived  from  the  vessels  of  the  pia  mater,  or  the' 
substance  of  the  brain.  Intracranial  extravasation  is  most  commonly  met 
with  on  the  surface  of  the  brain  from  laceration  of  the  cortex,  but  here  it  is 
seldom  very  abundant.  It  is  much  less  common  between  the  dura  mater  and 
the  bone,  but  when  occurring  in  this  situation  the  quantity  is  often  large,  but 
even  then  seldom  exceeds  four  ounces,  although  I  have  seen  a  clot  from 
rupture  of  the  middle  meningeal  artery  weighing  five  ounces  and  a  half. 

Results. — The  extravasation  of  blood  into  a  closed  cavity  such  as  that  of 
the  cranium  necessarily  causes  pressure  on  its  contents,  varying  with  the 
amount  poured  out.  It  is  thus  one  of  the  most  frequent  causes  of  death  in 
injuries  of  the  head,  giving  rise  to  fatal  compression  of  the  brain  and  coma. 
In  smaller  amounts  on  the  surface  of  the  brain  it  may  cause  serious  efi'ects  by 
interfering  with  the  venous  return  from  the  injured  area  from  which  the 
haemorrhage  proceeded  (p.  756).  When  of  moderate  amount  it  most  fre- 
quently causes  no  evil  consequences.  The  blood  that  is  so  extravasated  may 
undergo  various  changes  :  1.  It  may  be  absorbed  entirely  ;  2.  The  serous 
portion,  and  a  gi-eat  part  of  the  colouring  matter,  may  be  removed,  leaving  a 
fibrinous  buff-coloured  layer,  which  may  occasionally  become  organized.  This 
occurs  only  in  arachnoid  h£emorrhage.  Such  layers  are  sometimes  double, 
and  then,  foi-ming  a  flattened  cyst,  the  cavity  of  which  is  merely  moistened 
by  a  little  fluid,  are  occasionally  found  unexpectedly  in  the  arachnoid  cavity 
many  years  after  the  injury  which  gave  rise  to  the  extravasation  ;  3.  The 
exterior  of  the  clot  may  become  consolidated,  whilst  the  interior  contains  fluid 
and  disintegrated  blood.  This  occurs  in  the  cerebral  substance,  and  the  cysts 
thus  formed  are  permanent. 
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Symptoms. — The  only  definite  symptom  of  extravasation  of  blood  is 
gradually  increasing  insensibility,  ending  in  coma  within  twenty-four  liours  of 
the  injury.  It  is,  however,  a  matter  of  the  greatest  practical  importance  to 
determine,  if  possible,  whether  the  haemorrhage  is  taking  place  between  the 
dura  mater  and  the  bone,  or  whether  it  arises  from  a  laceration  of  the  brain- 
substance. 

In  a  typical  case  of  Meningeal  Extravasation  there  are  three  distinct 
stages  :  viz.,  concussion,  a  return  and  some  continuance  of  consciousness, 
and  then  coma  gradually  supervening.  In  exceptional  cases  in  which  the 
injiuy  is  very  slight,  more  especially  in  children,  concussion  may  not  occur, 
and  in  a  considerable  proportion,  the  interval  of  consciousness  between  the 
concussion  and  the  commencement  of  the  symptoms  is  absent  or  very  im- 
perfectly marked.  Jacobson,  who  has  published  a  most  exhaustive  paper 
on  this  subject  in  the  Guy's  Hospital  Reports,  states  that  in  G3  cases 
collected  by  him  it  was  wanting  in  21,  and  so  little  marked  that  it  might 
have  been  easily  overlooked  in  10.  The  duration  of  the  interval  of  con- 
sciousness is  very  variable,  but  it  seldom  extends  beyond  an  hour  or  an 
hour  and  a  half.  The  following  cases  illustrate  these  various  conditions.  A 
lady  going  into  the  opera  stumbled  as  she  was  going  down  some  stairs  and 
struck  the  side  of  her  head  against  the  wall.  She  felt  giddy  and  confused, 
returned  home  and  went  to  bed,  and  was  found  comatose  next  day.  I  was 
sent  for,  but  before  I  could  trephine  she  died.  On  examination,  a  four- 
ounce  clot  was  found  on  the  dura  mater,  under  a  ruptured  meningeal 
artery,  but  without  fracture.  I  have  seen  the  same  in  a  boy,  who,  running 
down  stairs  to  his  dinner,  struck  his  head  against  the  opposite  wall ;  he 
ate  his  dinner,  vomited,  became  drowsy  and  died.  A  large  clot  was  found 
between  the  dura  mater  and  the  bone  at  the  part  struck.  In  neither  of 
these  cases  was  there  any  external  bruise  or  other  sign  of  injury.  In  a 
case  of  murder  at  Liverpool  the  man,  after  receiving  the  fatal  blow,  walked 
half  a  mile  home,  half  a  mile  to  see  a  medical  man,  and  finally  home 
again,  and  did  not  become  unconscious  for  three  hours  and  a  quarter  after 
the  injury.  In  the  cases  in  which  the  interval  of  consciousness  is  Avanting, 
this  is  due  either  to  very  rapid  hsemorrhage  or  to  simultaneous  laceration 
of  the  brain. 

As  the  haemorrhage  takes  place  the  symptoms  of  compression  set  in,  and 
gradually  increase  in  intensity.  As  the  extravasation  is  in  the  great 
majority  of  cases  over  the  motor  area  of  the  cortex,  paralysis  is  usually  an 
early  and  important  symptom.  Most  commonly,  if  the  case  be  seen  early, 
there  is  paralysis  of  the  side  opposite  to  the  extravasation,  in  rare  caseSj 
more  marked  at  first,  perhaps,  in  one  limb.  As  the  pressure  increases  the 
paralysis  usually  becomes  general,  but  even  when  this  state  is  reached  the 
thermometer  in  most  cases  shows  that  the  temperature  of  the  extremities 
is  higher  on  the  side  opposite  to  the  clot.  Convulsions  may  occur  carlj 
in  the  case  but  are  not  common.  Vomiting  is  a  very  frequent  symptom. 
In  the  early  stages  the  patient  becomes  drowsy  and  dull,  with  a  slow  and 
labouring  pulse,  dilated  and  sluggish  pupils,  and  a  tendency  to  slow  respira- 
tion. As  the  compression  increases  complete  coma  sets  in  with  loud  ster- 
torous breathing. 

When  the  symptoms  follow  the  typical  course  with  a  distinct  interval 
of  consciousness  we  may  feel  tolerably  sure  that  the  extraA  asation  results  from 
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injuiy  of  one  of  the  meningeal  arteries  or  large  venous  sinuses  ;  and  that 
there  is  no  laceration  of  the  substance  of  the  brain,  for  it  may  safely  be 
assumed  that  if  the  patient  recovers  consciousness  after  the  accident,  he 
cannot  have  such  a  degree  of  tearing  and  bruising  of  the  cerebral  substance 
as  to  lead  to  sulficient  escape  of  blood  to  cause  compression.  The  vessel  most 
commonly  ruptured  is  the  anterior  branch  of  the  middle  meningeal  artery, 
which,  ft'om  its  situation  in  a  deep  groove  in  the  parietal  bone,  is  peculiarly 
apt  to  be  torn  in  injuries  of  the  side  of  the  skull. 

When  this  artery  is  the  source  of  the  blood,  the  clot  extends  deeply  down 
into  t]]e  base  of  the  skull ;  and  Hutchinson  pointed  out  that  in  this  way  it  may 
exert  powerful  pressure  on  the  cavernous  sinus,  leading  to  fulness  of  the  vessels, 
with  protrusion  of  one  eyeball  and  wide  dilatation  of  the  pupil.  This 
occurs  on  the  same  side  as  the  extravasation,  and  thus  we  may  get  hemiplegia 
of  the  opposite  side,  while  the  more  dilated  pupil  is  on  the  same  side  as  the 
injury.  In  cases  complicated  with  a  fissured  fracture,  some  of  the  blood 
forces  its  way  through  the  fissure,  and  thus  may  cause  marked  fulness  of  the 
!  temporal  fossa  on  the  affected  side,  clearly  to  be  seen  when  the  head  has  been 

■  shaved.  A  few  years  ago  a  man  was  admitted  into  University  College  Hospi- 
tal who  had  fallen  from  the  driving-seat  of  a  van.    He  got  up  again  and  took 

;  the  reins,  but  feeling  sick  and  giddy  he  left  the  box  and  lay  down  irt  the 
•  van,  while  his  companion  undertook  to  drive.    About  one  hour  afterwards  he 

was  found  comatose.    His  head  was  shaved  on  admission,  and  on  careful 

inspection  a  distinct  fulness  was  noticed  in  the  right  temporal  fossa,  and  on 
;  the  parietal  eminence  of  the  same  side  was  a  bruise.  He  was  trephined  in 
:  the  line  of  the  artery  and  a  large  clot  found  and  removed,  but  the  brain  failed 
:  to  expand,  and  he  died  a  few  hours  afterwards.   In  another  case  the  patient  fell 

eight  or  nine  feet,  and  a  quarter  of  an  hour  afterwards  she  came  to  the  hospital. 
;She  was  conscious,  and  related  how  the  accident  happened.  There  was  a 
'  wound  on  the  right  side  of  the  head,  near  the  parietal  eminence..  She  rapidly 
'  became  unconscious,  and  two  hours  after  the  fall  she  was  apparently  dyiug. 

At  this  time  the  right  eyeball  was  protruded,  and  the  pupil  widely  dilated  ; 

the  left  was  dilated,  but  less  so  than  the  right.  She  was  trephined  on  the 
i.right  side,  and  a  large  clot  found  and  removed ;  the  symptoms  of  compression 
'  were  relieved,  but  she  died  eighteen  hours  after  the  accident.  In  both  cases 
I  the  brain  was  uninjured. 

In  some  of  these  cases  the  respiration  becomes  greatly  embarrassed,  and 
t  this  must  always  be  looked  upon  as  a  grave  symptom,  indicating  operative 
I  treatment. 

The  mechanism  of  meningeal  extravasation  has  given  rise  to  much 

<  discussion,  and  the  following  remarks  of  Sir  Charles  Bell  ("  Surgical  Observa- 
ttions,"  London,  1816)  are  well  worthy  of  attention  : — "It  is  extraordinary  that 
1  any  one  who  has  ever  raised  the  skull-cap  in  dissection,  and  felt  the  strength 

<  of  the  universal  adhesions  of  the  dura  mater  to  the  lower  surface  of  the  bone, 
(Could  for  an  instant  believe  that  the  arteria  memngea  media  has  power  of 
I  throwing  out  its  blood  to  the  effect  of  tearing  up  these  adhesions  from  the 
t  entire  half  of  the  cranium  !  "  He  then  describes  the  following  experiment  to 
>  show  that  the  dura  mater  is  first  of  all  separated  from  the  skull,  and  that  the 

extravasation  is  consequent  on  that  separation : — "  Strike  the  skull  of  the 

■  subject  with  a  heavy  mallet  ;  on  dissecting,  you  find  the  dura  mater  to  be 
shaken  from  the  skull  at  the  part  struck.,   Repeat  the  experiment  on  another 

3  D  2 


772 


INJURIES  OF  THE  HEAD. 


subject,  and  inject  the  head  minutely  with  size-injection,  and  you  will  find  a 
dot  of  the  injection  lying  betwixt  the  skull  and  dura  mater  at  the  part  struck, 
and  having  an  exact  resemblance  to  the  coagulum  found  after  violent  blows 
on  the  head.  I  imagine  this  is  conclusive  "  (pp.  466—67).  It  is  possible 
also  that  the  alterations  in  form  of  the  skull  which  accompany  blows  causing 
fracture  (sec  p.  728)  may  tend  to  loosen  the  attachment  of  the  dura  mater. 
That  the  meningeal  artery  does,  however,  pour  out  blood  with  suificient 
force  to  strip  the  dura  mater  further  from  the  bone,  when  it  is  once  loosened, 
can  hardly  be  doubted,  as  it  is  difficult  to  conceive  that  that  membrane  can  be 
shaken  from  the  base  of  the  skull  by  a  blow  on  the  parietal  eminence  ;  and 
yet  meningeal  extravasation  often  extends  as  far  as  the  cavernous  sinus.  It 
must  not  be  forgotten  that  when  once  a  cavity  is  formed,  the  blood  forced 
in  acts  on  the  principle  of  the  hydraulic  press.  Taking  the  pressure  in 
the  artery  to  be  about  two  pounds  to  the  square  inch,  when  four  square 
inches  of  dura  mater  are  separated  we  have  a  force  of  eight  pounds  pressing 
against  it ;  when  it  is  separated  for  three  inches  in  each  direction  the  pressure 
equals  eighteen  pounds.  To  resist  this  we  have  only  the  adhesion  of  the  dura 
mater  and  the  blood-pressure  in  the  capiUaries  of  the  brain-substance.  It  is 
not  surprising,  therefore,  that  the  force  exerted  by  the  escaping  blood  produces 
such  marked  effects. 

The  extravasation  of  blood  dependent  on  laceration  of  a  portion  of  the 
brain  may  be  termed  Cerebral  Extravasation.  It  is  far  more  common 
than  the  meningeal  form  ;  in  it  the  patient  never  recovers  consciousness  after 
having  been  stunned,  the  symptoms  of  concussion  speedily  passing  into  those 
of  compression.  In  these  cases  the  paralysis  is  commonly  incomplete,  often 
hemiplegic,  and  is  associated  with  twitching  of  the  limbs  or  convulsive  move- 
ments of  the  body  generally,  and  much  restlessness  with  incoherent  muttering ; 
the  pupils  are  sometimes  contracted,  sometimes  dilated,  and  occasionally  squint- 
ing is  observed. 

Diagnosis. — The  diagnosis  of  these  two  forms  of  extravasation  is  im- 
portant, as  it  is  in  the  meningeal  only  that  operative  procedure  is  likely  to 
be  attended  by  success.  It  can,  however,  only  be  made  vrith  any  degree  of 
certainty  when  the  typical  symptom  of  the  interval  of  consciousness  is  present. 
"When  the  two  forms  occm'  together  accm-ate  diagnosis  becomes  almost  impos- 
sible. If  the  interval  of  consciousness  is  absent,  the  protrusion  of  the  eye  with 
dilatation  of  the  pupil  on  the  same  side  as  the  injury,  and  the  fulness  in  one 
temporal  region  and  the  difference  of  temperature  in  the  two  axillse,  may 
indicate  the  nature  of  the  case.  In  doubtful  cases  the  Surgeon  should  cut 
down  on  the  skull  in  the  region  of  the  meningeal  artery  and  examine  for 
fracture. 

The  diagnosis  between  the  compression  from  extravasation  and  that  from 
depressed  bone  or  inflammatory  effusions  within  the  skull  is  easily  made.  In 
the  case  of  depressed  fracture,  the  symptoms  of  compression  continue  iminter- 
ruptedly  from  the  very  first,  and  proper  examination  of  the  skull  will  always 
lead  to  the  detection  of  the  injured  bone.  Wlien  inflammatory  effusions, 
whether  of  pus,  lymph,  or  serum,  exercise  undue  pressm'e  upon  the  brain,  the 
signs  of  compression  come  on  at  a  later  period  and  are  preceded  by  symptoms 
of  cerebral  inflammation,  accompanied  by  a  good  deal  of  pyrexia,  by  quick 
pulse  and  hot  skin. 

From  ajooplea:ij,  the  diagnosis  is  not  always  easily  made,  more  particularly 
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,  when  there  is  no  evidence  that  the  head  has  been  injured.    I  could  give  nume- 
rous instances  of  this.    The  following  will  suffice  :-A  man  was  brought  to 
University  College  Hospital  in  a  state  of  profound  coma,  m  which  condition 
he  had  been  found  lying  in  the  street.    There  was  no  evidence  of  mjury  about 
the  head  beyond  a  bruise,  which  had  probably  been  received  when  he  fell,  ihe 
case  which  was  supposed  to  be  one  of  apoplexy,  and  was  treated  accordingly, 
proved  fatal  in  a  few  hours.    On  examination  after  death  the  skull  was  found 
i  fractured,  but  not  depressed.    On  the  opposite  side  to  the  brmse  and  fracture, 
)a  coao-ulum,  weighing  nearly  four  ounces  and  compressing  the  brain,  lay 
•  between  the  dura  mater  and  bone.    In  such  a  case,  it  is  evident  that  the  history 
can  alone  afibrd  a  clue  to  its  true  nature.    Even  when  the  head  has  been 
injured,  the  diagnosis  is  not  always  easy.  A  man  was  admitted  under  my  care, 
comatose.    A  fortnight  previously  he  had  been  struck  on  the  left  side  of  the 
head  behind  the  ear.    He  was  stunned,  bled  freely  from  the  left  ear,  but  then 
recovered  tolerably,  and  went  about  his  avocations  as  usual  until  the  day 
before  his  admission,  when  he  suddenly  became  comatose.    The  respiration 
was  stertorous,  the  pulse  quick,  and  there  was  some  heat  of  head  ;  the  right 
pupil  was  natural,  the  left  contracted.    He  was  treated  antiphlogistically,  but 
died  on  the  third  day.  On  examination,  a  fracture  on  the  left  side  of  the  skull 
was  found,  extending  into  the  left  internal  meatus  ;  on  the  right  side  of  the 
head  there  was  a  large  coagulum  in  the  cavity  of  the  arachnoid,  with  some 
sero-plastic  exudation  about  it.    Here  was  an  extravasation,  the  result  of  lace- 
ration, existing  without  symptoms  for  fourteen  days,  and  then  proving  rather 
suddenly  fatal  in  consequence  of  the  supervention  of  inflammation.   A  woman 
fell  in  the  street  whilst  walking.    She  was  taken  up  insensible  :  thought  to 
have  a  fit ;  became  comatose,  hemiplegic  on  the  right  side,  and  died  the  next 
day.    After  death  the  left  parietal  bone  was  found  to  be  fractured,  and  a  clot 
that  weighed  five  and  a  half  ounces  was  lying  over  the  ruptured  middle 
meningeal  artery  on  the  dura  mater. 

The  insensibility  of  drunkenness  may  usually  be  distinguished  from  the  coma 
resulting  from  injuries  of  the  head,  by  the  absence  of  local  mischief,  by  the 
smell  of  the  breath,  and  by  the  face  of  the  drunkard  being  flushed  and  turgid, 
and  not  pale  as  in  a  person  who  is  suffering  from  the  effects  of  a  severe  injury. 
When  a  drunken  person  has  met  with  an  injury  of  the  head  and  is  insensible, 
he  should  always  be  carefully  watched,  however  slight  the  injury  may  appear 
to  be,  until  sufficient  time  has  elapsed  for  him  to  recover  from  his  drunken  fit, 
as  it  is  impossible  to  say  whether  the  stupor  be  the  result  of  intoxication,  or  of 
mischief  within  the  skull.  I  have  known  cases  to  be  sent  away  from  hospitals 
as  drunk,  when  in  reality  the  stupor  was  occasioned  by  depressed  bone. 

In  the  stupor  from  poisoning  ly  opium,  the  condition  of  the  pupils,  which 
are  contracted  to  the  size  of  a  pin's  point,  instead  of  being  widely  dilated  as 
in  coma  from  cerebral  compression,  will  enable  the  Surgeon  to  make  the 
diagnosis. 

The  Treatment  of  extravasation  of  blood  may  be  conducted  on  two  prin- 
ciples—either by  means  of  general  and  local  measures,  having  for  their  object, 
the  arrest  of  farther  haemorrhage,  the  promotion  of  absorption,  and  the  subdual 
of  inflammation  ;  or  else  by  the  application  of  the  trephine,  with  the  view  of 
allowing  the  escape  of  the  effused  blood.  The  plan  adopted  should  have 
reference  to  the  character  of  the  symptoms. 

If  the  symptoms  point  tvith  tolerable  certainty  to  meningeal  extravasation 
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lehveen  the  dura  mater  and  the  lone  probably  from  the  middle  meningeal 
artery,  the  Surgeon  should  cut  down  at  once  upon  the  skull  and  examine  the 
bone  and  trephine  in  the  line  of  the  fracture  if  one  be  found  ;  if  not,  in  the 
line  of  the  middle  meningeal  artery.  The  artery  may  be  wounded  at  any 
part  of  its  course  within  the  skull,  but  it  is  very  rare  for  the  main  trunk  to  be 
ruptured ;  almost  invariably  it  is  the  anterior  branch  that  suffers.  This 
branch  is  first  directed  forwards  across  the  great  wing  of  the  sphenoid  to  neai' 
the  tip  of  the  small  wing  :  here  it  takes  a  sharp  curve  backwards,  and  often 
enters  a  canal  in  the  bone  ;  from  this  point  it  is  directed  backwards  and 
upwards  in  the  groove  which  crosses  the  anterior  inferior  angle  of  the  parietal 
bone.  Its  course  may  be  found  externally  by  the  following  rule  : — Draw  a 
straight  line  backwards  from  the  external  angular  process  of  the  frontal  bone  ; 
take  a  point  at  any  distance  between  one  inch  and  two  and  a  half  inches  from 
the  angular  process  in  this  line  and  draw  a  vertical  line  through  it  from  the 
zygoma ;  measure  a  corresponding  distance  up  this  line,  and  the  point  so 
found  will  be  over  the  artery.  If  the  distance  taken  be  under  one  inch  and  a 
half,  the  artery  will  very  frequently  be  found  in  a  canal  in  the  bone  ;  beyond 
this  it  is  usually  in  a  groove.  Accuracy  is  of  importance  only  when  a  fissured 
fracture  is  found,  as  the  centre  of  the  crown  of  the  trephine  should,  if  possible, 
be  at  the  point  at  which  the  fissui-e  crosses  the  line  of  the  artery.  In  other  cases 
a  very  sufficient  and  practical  guide  is  to  put  the  pin  of  the  trephine  two  and 
a  half  inches  vertically  above  the  condyle  of  the  lower  jaw.  Having  found 
the  hne  of  the  artery,  a  "]~-shaped  incision  should  be  made  with  the  horizontal 
limb  parallel  to  the  zygoma,  and  half  the  diameter  of  the  crown  of  the 
trephine  above  the  point  at  which  it  is  intended  to  place  the  pin  of  the 
trephine.  The  vertical  incision  should  extend  nearly  to  the  zygoma.  The 
incision  divides  the  scalp  and  the  temporal  aponeurosis  and  muscle.  In 
doing  this  a  large  branch  of  the  superficial  and  one  or  both  deep  temporal 
arteries  will  be  cut  and  wiU  require  ligature  ;  the  bone  is  then  cleaned,  saving 
the  periosteum,  and  the  crown  of  a  large  trephine  applied,  \dt\x  the  pin  of  the 
instrument  over  the  spot  where  the  vessel  is  supposed  to  lie.  If  the  diagnosis 
have  been  correct,  as  soon  as  the  circle  of  bone  is  removed  a  dai'k  solid  clot 
pushes  its  way  up  into  the  opening.  As  a  rule,  however,  it  is  too  sohd  to 
come  out  without  the  use  of  a  scoop,  and  for  this  purpose  a  small  lithotomy 
scoop  may  be  used.  The  Surgeon,  having  noAV  trephined  and  removed  the 
blood-clot,  is  confronted  with  Avhat  is  truly  the  greatest  difficulty  of  the  case. 
The  artery  in  the  majority  of  cases  follows  the  dura  mater,  for  it  is  only  if  it 
be  in  a  canal  in  the  bone  that  it  remains  superficial.  If  the  brain  expands 
immediately  the  pressure  is  removed,  the  injured  artery  may  come  into  view ;  if 
not,  all  that  is  seen  is  a  profuse  flow  of  blood  pouring  out  of  the  opening  in  the 
skull,  and  apparently  in  some  cases  threatening  to  be  almost  immediately 
fatal.  Under  these  circumstances  all  that  can  be  done  is  to  raise  the  patient  into 
a  sitting  position,  to  compress  the  carotid,  and  to  apply  ice  to  the  side  of  the 
head  and  neck.  Under  this  treatment  the  bleeding  usually  ceases  rapidly  and 
does  not  recur.  If  the  actual  wounded  spot  can  be  seen,  a  fine  catgut  or 
carbolized  silk-ligature  must  be  passed  round  it  with  a  sharp  needle.  If  the 
artery  he  in  a  canal,  and  its  torn  end  can  be  seen  bleeding  where  the  trephine 
has  cut  through  it,  tbe  ha3morrhage  may  be  arrested  by  inserting  a  small  plug 
or  by  touching  it  with  the  cautery.  If  the  situation  of  the  wound  can  be 
recognised  at  some  distance  from  the  aperture,  more  bone  may  be  cut  away 
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either  upwards  or  downwards  so  as  to  expose  it.  Tlie  operation  should,  of 
course,  be  performed  with  the  strictest  antiseptic  precautions. 

In  some  cases  the  haBmon'hage  is  diie  to  the  tearing  of  a  large  number  of 
small  vessels,  and  not  to  the  wound  of  any  special  branch.  Thus,  in  one  of 
the  fatal  cases  in  University  College  Hospital,  a  child,  aged  seven,  the  most 
cai-eful  examination  failed  to  detect  any  wounded  artery.  The  hsemon-hage 
was  in  this  case  situated  behind  the  region  of  the  large  branches  of  the  menin- 
geal artery,  and  the  clot  was  reached  by  cutting  away  a  portion  of  the  skull 
behind  the  trephine-hole  with  bone-forceps. 

The  instances  in  which  the  symptoms  are  sufficiently  definite  to  guide  the 
Surgeon  with  precision  to  a  wounded  meningeal  artery  are  not  numerous. 
Out  of  many  hundred  cases  of  serious  and  fatal  injury  of  the  head  that  were 
admitted  into  University  College  Hospital  during  the  time  I  had  charge  of 
wards  in  that  institution,  in  four  cases  only,  I  believe,  was  it  found  advisable 
to  have  recourse  to  trephining  for  the  removal  of  extravasated  blood.  In 
three  of  these  cases  death  speedily  ensued,  the  coma  being  uni-elieved  by  the 
operation.  In  the  fourth  case,  recovery  took  place.  The  successful  case 
to  which  I  refer  was  that  of  a  man  admitted  comatose,  three  days  after 
receiving  an  injury  of  the  head  by  a  fall  from  a  cab.  There  were  no  serious 
symptoms  for  some  hours  after  the  accident ;  but  then  stupor  gradually  came 
on,  amounting  at  last  to  complete  coma.  On  examination,  a  bruise  of  the 
scalp  was  found  on  the  left  temple  :  through  this  I  made  an  incision,  and, 
finding  a  starred  fracture  over  the  sinus  of  the  middle  meningeal  artery, 
trephined  the  bone,  when  a  large  coagulum  was  found  lying  upon  the  dura 
mater,  and,  on  removing  this,  fiuid  arterial  blood  freely  welled  up.  The  coma 
was  relieved,  and  the  patient  made  a  good  recovery. 

From  1870  to  1881  four  cases  were  trephined  in  University  College  Hospital 
for  meningeal  hasmorrhage  ;  three  by  M.  Beck,  all  of  which  terminated  fatally, 
and  one  by  Godlee,  which  was  successful.  In  this  case  the  bleeding  artery 
was  seen  and  secured  by  a  ligature. 

In  cases  in  ivhich  the  diagnosis  of  middle  meningeal  hcmiorrhage  cannot  l)e 
made,  and  in  which  it  is  probable  that  the  extravasation  proceeds  from  a  lacera- 
tion of  the  brain,  the  indications  for  trephining  are  not  so  clear.  The 
operation  was  formerly  much  in  vogue,  but  feU  into  disrepute  owing  to  the 
mortality  that  attended  it  and  the  great  uncertainty  in  finding  the  seat  of 
extravasation.    Even  with  the  modern  improved  means  of  diag-nosis  it  is  not 
often  in  cases  of  laceration  without  an  external  wound  that  the  exact  locality 
of  the  injury  can  be  ascertained.    Trephining  in  such  cases  should  not  be 
rashly  undertaken  while  there  is  the  remotest  chance  of  the  patient's  recovering 
"without  an  operation.    In  order  to  relieve  the  patient  the  dura  mater  will 
necessarily  have  to  be  opened  and  the  lacerated  portion  of  the  brain  exposed. 
Even  with  the  strictest  antiseptic  precautions  such  operations  are  very  dan- 
gerous, while  without  them  they  are  almost  certainly  fatal.  Moreover  the  most 
frequent  seat  of  laceration  is  towards  the  base  of  the  brain,  which  cannot  be 
reached  by  any  operation,  and  even  if  the  blood  be  effused  on  the  upper  part 
of  the  hemispheres  it  will  often  be  found  coagulated  and  so  intimately  adherent 
to  the  membranes  that  it  cannot  be  safely  removed.    However  clear  the  s'gns, 
extravasation  may  not  be  met  with  where  the  Surgeon  expects  to  find  it.  In 
these  circumstances,  it  is  better  not  to  prosecute  the  search  by  making  fresh 
trephine-apcrtures.    In  no  case  would  it  bo  prudent  to  trephine  over  the 
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course  of  the  middle  meningeal  artery  in  the  absence  of  local  symptoms,  on 
the  chance  of  finding  the  blood  there,  as  lias  been  recommended  by  some  of 
the  older  Surgeons. 

If  it  be  decided  that  no  operation  is  advisable  the  head  must  be  sha\'ed  and 
ice  applied,  and  the  patient  kept  at  perfect  rest.  If  the  respiration  and  pulse 
become  much  embarrassed  free  venesection  may  give  some  relief. 

TRAUMATIC    MENINaiTIS   AND  ENCEPHALITIS. 

Acute  diffuse  meningitis  —  Acute  Lepto-meningitis— Meningo- 
encephalitis.—Inflammation  of  the  brain  and  its  membranes  from  injury  is 
a  complication  of  great  frequency  and  of  corresponding  importance. 

Causes.— Every  wound  or  laceration  of  the  brain  must  necessarily  be 
followed  by  a  localized  traumatic  inflammation  in  the  injured  area,  but  there 
is  no  more  tendency  for  this  to  spread  or  to  persist  in  the  brain  than  in  any 
other  part  of  the  body.    Its  natural  course  is  to  subside  and  to  give  place  to 
the  normal  processes  of  repair  in  from  twenty-four  to  forty-eight  hours.  ^  If 
the  inflammation  extends  or  persists  it  is  due  to  some  source  of  irritation,  other 
than  the  wound,  introduced  subsequently  to  its  infliction.    It  is  extremely  rare 
to  find  meningitis  following  simple  injuries  of  the  head,  however  severe,  in 
which  there  is  no  wound  of  the  skin  or  fracture  of  the  skull.    When  such  a 
condition  is  met  with  it  is  most  commonly  due  to  general  infection  from  some 
unhealthy  wound  in  another  part  of  the  body  inflicted  at  the  same  time  as  the 
injury  to  the  head.    In  unhealthy  children  diffuse  meningitis  may  follow  a 
simple  injury  in  rare  cases,  just  as  difi"use  infective  periostitis  may  follow  a 
blow  on  a  bone,  the  source  of  infection  in  these  cases  often  remaining  uncer- 
tain.   Acute  meningitis,  after  open  wounds  of  the  head,  is  almost  invariably 
of  septic  origin.    It  is  needless  to  explain  how  readily  infection  occurs  in  open 
fractures  with  wound  of  the  dura  mater,  unless  special  precautions  are  taken  to 
prevent  it.    In  compound  fractures,  in  which  the  dura  mater  is  intact,  it 
occurs  less  frequently,  but  is  by  no  means  uncommon  and  is  a  frequent  cause 
of  death  after  fracture  of  the  base  of  the  skull.    In  these  cases  the  septic 
matter  doubtless  finds  its  way  through  the  dura  mater  by  means  of  the 
lymphatics,  for  Schwalbe  has  shown  that  fluids  injected  between  the  dura 
mater  and  bone  pass  readily  into  the  sub-dural  space.    In  cases  of  scalp 
wound,  with  exposure  of  the  bone,  meningitis  may  be  set  up  as  a  consequence 
of  necrosis  or  diff'use  inflammation  of  the  diploe  (p.  724),  or  according  to 
Schwalbe  it  may  occur  even  without  this,  as  he  showed  that  fluids  injected 
between  the  pericranium  and  the  bone,  especially  in  the  neighbourhood  of  the 
sagittal  suture,  found  their  way  by  the  lymphatics  to  the  outer  surface  of  the 
dura  mater.    In  other  cases  the  meningitis  has  been  a  consequence  of  septic 
thrombosis  of  the  sinuses  of  the  dura  mater  which  has  suljsequently  extended 
to  the  veins  of  the  pia  mater.    Lastly,  the  septic  matter  may  fiiid  its  way 
along  a  nerve  to  the  membranes,  as  in  some  cases  of  wound  of  the  orbit  and 
in  fracture  of  the  base  of  the  skull  with  exposure  or  rupture  of  the  facial  or 
auditory  nerve. 

Period  of  Invasion — Septic  meningitis,  following  compound  fractures  of 
the  skull,  usually  manifests  itself  on  the  second  or  third  day,  when  the  septic 
processes  are  well  established  in  the  wound.  In  cases  in  which  the  bone  is 
exposed  without  fracture  it  may  occur  at  any  time  until  the  wound  is  healed, 
but  it  is  most  common  during  the  second  and  third  weeks  after  the  injury. 
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In  the  rare  cases  in  which  it  is  said  to  have  followed  simple  laceration  without 
external  wound  it  has  usually  been  the  result  of  drunkenness  or  exposure 
before  the  injury  to  the  brain  was  soundly  healed. 

Pathological  Changes. — After  death  we  usually  find  on  raising  the  dura 
mater  that  the  brain  is  seen  to  be  somewhat  swollen,  its  convolutions  being 
more  or  less  flattened.  The  surface  is  generally  dry,  though  there  is  frequently 
an  excess  of  fluid  in  the  ventricles.  The  characteristic  feature  of  meningitis  is 
the  presence  of  gi-eenish-yellow  lymph,  often  almost  purulent  in  character, 
lying  partly  in  the  sub-dural  space  and  partly  in  the  meshes  of  the  pia  mater. 
It  is  most  abundant  in  the  neighbourhood  of  the  injury.  The  pia  mater  is 
intensely  injected,  and  the  sinuses  are  distended  with  blood.  The  cerebral 
substance  is  always  affected  with  the  membranes  covering  it,  and  there- 
fore this  condition  is  sometimes  spoken  of  as  meningo-encephalitis.  The 
brain-substance,  when  cut  into,  exhibits  an  increase  in  the  number  of  red 
points  ;  the  grey  matter  is  darker  than  natural,  and  often  distinctly  reddish  in 
tint.  If  there  is  a  laceration  of  the  brain,  the  cerebral  substance  round  it 
is  usually  softened,  washing  away  with  unnatural  readiness  under  a  stream 
of  water. 

The  Symptoms  usually  commence  within  forty-eight  hours  of  the  inflic- 
tion of  the  injury.  The  patient,  if  he  is  conscious  at  the  time,  complains  of 
severe,  constant,  and  increasing  pain  in  his  head ;  the  scalp  is  hot,  the  carotids 
beat  forcibly,  the  pupils  are  contracted,  the  eyes  intolerant  of  light,  and  the 
ears  of  noise ;  the  pulse  is  full,  vibrating,  and  bounding  ;  and  wakefulness, 
with  dehrium,  commonly  of  a  violent  character,  speedily  comes  on.  All  the 
symptoms  of  severe  pyrexia  set  in  at  the  same  time.  The  temperature  rises 
rapidly,  usually  reaching  103°  F.,  or  more,  by  the  third  day. 

Under  proper  treatment,  this  condition  may  gradually  subside  until  the 
health  is  re-established,  but  more  commonly  the  symptoms  of  inflammation 
merge  into  those  of  compression — the  delirium  being  replaced  partly  or 
entirely  by  stupor,  from  which  the  patient  is  roused  with  dilficulty,  the  pupils 
gradually  dilating,  the  breathing  becoming  heavy  and  stertorous,  the  pulso 
sometimes  continuing  with  its  lormer  rapidity,  at  others  becoming  slow  and 
oppressed.  The  skin  is  hot  but  clammy  ;  the  patient  falls  into  a  heavy,  dull, 
unconscious  state,  which  alternates  with  convulsive  twitchings  or  jerkings 
and  occasional  delirious  outbreaks.  As  death  approaches,  the  sphincters  relax, 
the  pulse  becomes  slower  and  more  feeble,  the  surface  cooler,  the  coma  more 
intense  and  continuous,  until  the  patient  sinks  from  exhaustion  and  com- 
pression conjoined. 

Diagnosis. — Acute  meningitis  is  distinguished  from  pressure  of  extravasated 
blood  by  the  later  time  at  which  it  appears,  by  the  elevation  of  temperature 
and  the  quick  pulse.  From  spreading  oedema  (p.  756)  extending  round  a 
laceration  it  is  recognized  by  the  presence  of  fever,  but  the  distinction  is  not 
always  easily  made. 

Treatment. — The  preventive  treatment  is  of  the  greatest  importance,  for 
when  the  symptoms  of  acute  meningitis  have  set  in,  the  patient  seldom 
recovers  whatever  may  be  done  for  him.  The  most  scrupulous  attention  to 
the  prevention  of  decomposition  in  all  cases  of  wound  of  the  scalp  or 
compound  fracture  is  the  most  efficient  means  at  our  command  for  the 
prevention  of  meningitis.  Should  the  symptoms  manifest  themselves,  active 
treatment  should  be  at  once  adopted.    The  head  must  be  shaved,  and  cold 
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applied.  In  the  use  of  cold,  great  care  must  be  taken  that  the  application  is 
constant ;  intermittent  cold  is  worse  than  useless.  One  of  the  best  modes  of 
application  is  the  india-rubber  ice-cap,  which  can  be  secured  to  the  head  by  a 
strap  passing  under  the  chin  ;  or  Leiter's  soft  metal  tubing,  which  can  be 
moulded  to  any  form,  and  through  which  a  stream  of  cold  water  is  kept 
constantly  flowing,  is  even  more  elficient.  Should  these  not  be  available,  a 
bladder  filled  with  ice  may  be  used,  but  care  must  be  taken  that  it  is  firmly 
secured  in  its  position  by  bandages,  and  not,  as  is  too  often  done,  allowed 
merely  to  lie  against  the  head,  so  that  it  is  displaced  by  the  slightest  movement 
of  the  patient.  A  mackintosh  cloth  must  be  placed  beneath  it  to  protect  the 
bed-clothes  from  being  wetted.  Bleeding  from  the  arm,  repeated  as  often  as 
the  pulse  rises,  as  well  as  cupping,  or  leeches,  may  be  had  recourse  to  ;  the  j 
bowels  should  be  freely  opened,  and  rigid  abstinence  must  be  enjoined,  the  ' 
patient  at  the  same  time  being  confined  to  a  quiet  and  darkened  room,  and 
removed  from  all  causes  of  excitement  of  the  special  senses. 

Chronic  or  Subacute  Encephalitis  is  a  most  interesting  and  important 
aifection  following  injuries  of  the  head.  Its  pathology  is  not  very  clearly 
understood.  In  some  cases  after  death  the  arachnoid  is  found  opaque  and 
thickened.  In  other  cases  the  symptoms  have  been  due  to  chi'onic  inflammatory 
changes,  or  softening  taking  place  round  the  site  of  a  severe  cortical  laceration. 
The  symptoms  may  come  on  within  a  few  days  of  the  injury  or  not  until  j 
months  have  elapsed.  The  patient  in  many  cases  has  apparently  recovered 
entirely  from  the  accident,  though  in  others  it  wiU  be  found  that  some  one  i 
symptom  indicative  of  the  brooding  mischief  still  continues,  such  as  headache,  | 
or  impairment  of  sight  or  of  hearing.  Occasionally,  the  coming  mischief  is 
foreshadowed  by  unusual  irritability  of  temper,  by  loss  of  mental  vigour,  or 
by  some  other  functional  disturbance  of  the  brain.  In  such  cases  the  sub- 
acute encephalitis  may  suddenly  come  on,  ushered  in  perhaps  by  an  aggravation 
of  the  persistent  symptom,  or  by  an  epileptic  fit.  The  subsequent  symptoms  are 
very  variable.  There  is  usually  pain  in  the  head  with  heat  of  the  scalp  and 
irregularity  of  the  pupils  or  contraction  of  both.  There  may  be  squinting, 
mtolerance  of  light,  convulsive  twitchings,  or  epileptiform  fits.  At  the  end  signs 
of  compression  may  set  in,  terminating  in  coma.  There  may  be  a  slight 
persistent  elevation  of  temperature  when  the  symptoms  become  pronounced. 
This  affection  is  most  dangerous  and  unmanageable,  being  very  apt  to 
terminate  in  loss  or  impairment  of  the  senses,  in  diminution  of  intellectual 
power,  or  in  local  paralysis.  The  best  results  are  obtained  by  the  proper 
administration  of  mercury  and  the  employment  of  counter-irritants.  The 
best  mode  of  administering  the  mercury  is  to  give  half  a  grain  or  a  grain  of 
calomel  every  four  or  six  hours  until  the  gums  are  aflected,  and  to  keep  up  the 
effect  with  diminished  doses  of  the  drug.  The  repeated  application  of  blisters 
over  the  shaven  scalp  is  perhaps  the  most  useful  form  of  counter-irritation  ;  to 
which,  in  more  chronic  cases,  a  seton  in  the  neck  may  be  added.  So  long  as 
any  symptoms  of  inflammation  continue,  this  plan  of  treatment  must  be 
steadily  kept  up. 

In  the  more  chronic  forms  of  cerebral  irritation  following  injury,  more 
especially  if  there  be  any  tendency  to  convulsive  movements,  bromide  of 
potassium  in  moderate  doses  will  be  found  of  essential  service.  It  soothes  and 
secures  sleep  more  effectually  than  any  other  i-emedy. 

Intrackanial  Suppuuatiox. — This  may  be  acute  or  chronic,  and  may 
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occur  ill  three  situations  :  a.  Subcranial  ;  1).  Intrameningeal  ;  and  c. 
Cerebral. 

a.  In  the  Subcranial  form  the  pus  is  formed  between  the  skull  and  the 
dura  mater.    It  occurs  at  the  point  struck  and  is  circumscribed. 

Three  conditions  are  said  to  lead  to  this  variety  of  intracranial  sup- 
puration. 

a.  It  has  been  asserted  that  pus  may  form  between  the  dura  mater  and  the 
skull,  without  a  wound  of  the  scalp  or  fracture  of  the  bone,  as  a  result  of  a 
blow  which  by  concussion  of  the  parts  separates  the  dura  mater,  leaving  a 
space  in  which  inflammatory  exudation  may '  collect.  The  recorded  cases 
in  which  intracranial  suppuration  has  occurred  as  the  result  of  injury  without 
an  open  wound  are  so  few,  and  some  so  imperfectly  recorded,  that  there  is 
considerable  doubt  whether  this  form  ever  really  occurs. 

jS.  A  blow  on  the  head  exposing  the  bone,  followed  by  septic  suppuration  in 
the  wound,  is  the  most  common  cause  of  subcranial  suppuration.  The  bone 
may  necrose  either  ft'om  the  violence  of  the  injury  or  from  the  pericranium 
being  separated  on  one  side  and  the  dura  mater  on  the  other.  The  suppura- 
tion in  this  form  i-arely  occurs  before  the  second  or  third  week,  and  may  be 
delayed  to  a  later  period.  It  is  usually  fatal  if  not  relieved,  by  extending 
tkrough  the  dura  mater  to  the  other  membranes  of  the  brain. 

y.  The  irritation  of  splinters  of  the  inner  table  in  cases  of  ordinary 
depressed  or  punctured  fractures  of  the  skull,  causing  inflammation  of  the 
dura  mater  and  eventual  suppuration.  In  these  cases  it  is  usually  associated 
with  one  or  both  of  the  next  varieties.  It  occurs  early  and  is  always  of 
septic  origin. 

1).  The  Intrameningeal  form  is  merely  an  exaggeration  of  the  septic 
meningitis  already  described,  and  commonly  occurs  as  a  consequence  of  open 
wounds  implicating  the  brain.  If  suppuration  commences  between  the  dm'a 
mater  and  the  bone,  the  immediate  cause  of  death  is  extension  to  the  other 
membranes  of  the  brain,  and  in  like  manner  a  cerebral  abscess  approaching 
the  surface  may  set  up  suppurative  meningitis.  Occasionally  it  is  met  with 
as  a  result  of  pyemia  arising  from  some  other  injury  complicating  that  of 
the  brain. 

c.  The  Cerebral  form  is  met  with  as  a  distinctly  circimiscribed  abscess  in 
the  substance  of  the  brain.  It  may  be  acute  or  chronic.  "When  it  is  acute  it 
is  commonly  the  result  of  septic  suppuration  following  a  compound  fracture  of 
the  skull  with  wound  of  the  brain.  Its  occurrence  is  of  course  favoured  by  an 
insufficient  exit  for  the  discharges  such  as  is  the  case  in  punctured  fractures. 
It  occurs  at  an  early  period  after  the  accident  and  at  the  point  of  injury, 
usually  close  to  the  surface,  implicating  the  cortical  substance.  An  acute 
abscess  may  also  follow  the  lodgment  of  a  foreign  body  in  the  brain.  In 
these  cases  the  suppuration  is  always  accompanied  by  more  or  less  extensive 
septic  meningitis,  the  symptoms  of  which  completely  mask  those  specially 
due  to  suppuration.  If  the  injury  is  in  the  region  of  the  cortical  motor 
centres,  progressive  localized  paralysis  and  epileptiform  convulsions  with  high 
temperature  may  lead  to  a  suspicion  of  the  formation  of  an  abscess. 

A  chronic  or  subacute  abscess  is  almost  exclusively  met  with  after  wounds  of 
the  scalp,  exposing  the  bone  with  or  without  fracture  of  one  or  both  tables. 
It  has  been  said  to  occur  after  simple  blows  not  wounding  the  scalp,  but  the 
evidence  of  this  is  not  very  satisfactory.    The  abscess  is  seated  deeply  beneath 
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the  cortex  somewhere  in  the  lobe  of  the  brain  corresponding  to  the  part  of  the 
skull  injured.  There  is  no  evidence  that  it  is  in  any  way  due  to  bruise  or 
laceration  of  the  brain-substance,  as  this  always  affects  the  cortex  and  not  the 
white  matter.  These  abscesses  are  exactly  analogous  to  those  which  are  not 
uncommonly  met  with  as  a  consequence  of  chronic  suppm-ative  inflammation 
of  the  middle  ear.  The  exact  method  of  this  formation  is  somewhat  uncertain, 
but  it  is  believed  to  be  due  to  a  limited  septic  thrombosis  and  phlebitis 
extending  from  the  injured  spot  into  the  brain-substance. 

Symptoms  of  Intracranial  Suppuration. — Acute  intrammingeal  suppti- 
ra^ioTi  presents  the  signs  already  described  (p.  777),  as  indicative  of  acute  septic 
meningitis.  The  occuiTence  of  rigors  and  the  rapidly  increasing  coma  might 
lead  to  the  suspicion  of  the  formation  of  pus,  but  the  diagnosis  can  rarely  be 
made  with  any  degree  of  certainty. 

Subacute  or  chronic  sujjpuration,  either  between  the  dm-a  mater  and  bone,  or 
in  the  cerebral  substance,  sometimes  gives  rise  to  a  train  of  symptoms  first 
described  by  Percival  Pott.  These  usually  set  in  during  the  second  or  third 
week,  but  may  be  delayed  even  as  late  as  the  fifth,  or  as  long  as  the  wound 
communicating  with  the  bone  remains  open.  The  first  symptoms  are  those 
of  meningitis  or  meningo-encephalitis.  There  is  heat  of  head,  with  throbbing 
carotids  and  flushed  face.  These  symptoms  are  accompanied  by  elevation  of  j 
temperature,  headache,  intolerance  of  light  and  noises,  and  by  drowsiness. 
Dehrium  and  vomiting  are  occasionally  observed.  During  the  continuance  of 
these  symptoms  fits  of  shivering  come  on,  followed  by  gradually  increasing 
insensibility  deepening  into  coma.  On  examining  the  wound,  if  it  have 
recently  closed  or  scabbed  over,  the  scar  and  surrounding  scalp  will  be  found 
to  be  raised  in  a  puffy  swelling.  More  commonly  the  wound  is  open ;  it  is  pale 
and  has  ceased  to  discharge,  the  pericranium  is  separated  from  the  bone,  which 
is  seen  to  be  yellowish  brown  and  dry.  When  this  train  of  symptoms  is  present 
there  is  strong  reason  to  suspect  intracranial  suppuration,  either  between  the 
dura  mater  and  the  bone  or  deeply  in  the  cerebral  substance. 

If  the  abscess  is  situated  in  the  region  of  the  cortical  centres,  the  affection 
of  these,  with  gradually  spreading  paralysis  of  the  opposite  side,  as  centre 
after  centre  becomes  involved,  would  clearly  indicate  the  seat  of  the  abscess. 
In  this  way  Macewen  was  able  to  recognise  the  position  of  a  cerebral  abscess, 
and  the  diagnosis  was  confirmed  hj  j^ost-mortem  trephining,  the  friends  of  the 
patient  having  refuse!  to  permit  the  operation  dm-ing  life.  If  the  abscess  be 
seated  in  the  anterior  part  of  the  frontal  lobes,  which  is  not  an  uncommon 
situation,  examination  of  the  eye  may  show  the  presence  of  optic  neuritis 
similar  to  that  met  with  in  tumour  of  Ihe  brain,  but  this  has  not  been  suffi- 
ciently constant  to  render  it  of  any  real  value,  and  on  the  other  hand,  it  may 
be  present  after  injury  without  the  presence  of  an  abscess. 

In  the  great  majority  of  cases  the  symptoms  are  not  sufficiently  definite  to 
enable  the  Surgeon  unhesitatingly  to  diagnose  intracmnial  suppuration  and  to 
point  out  its  seat. 

Diagnosis. — The  acute  form  can  rarely  be  distinguished  from  ordinary 
septic  meningitis  without  an  abscess.  The  chronic  or  subacute  form  can  only 
be  diagnosed  by  attention  to  the  symptoms  above  given.  It  may,  in  many 
cases,  somewhat  resemble  pyasmia,  also  a  not  uncommon  complication  of  scalp 
wounds  exposing  the  boite.  Pyajmia  can  usually  be  recognised  by  the  repeti- 
tion of  the  rigors,  the  characteristic  temperature,  the  absence  of  any  signs  of 
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pressure  ou  the  brain,  and  the  occuiTence  of  local  suppurations  in  other  parts 
of  the  body. 

Cerebral  abscesses,  either  single  or  multiple,  may  occur  as  a  consequence  of 
pyemic  infection  from  any  unhealthy  wound,  and  conversely  a  case  of  cerebral 
abscess,  may  be  comphcated  by  pyaemia  secondary  to  it.  In  these  _  cases 
accurate  diagnosis  is  impossible. 

The  Prognosis  of  all  cases  of  intracranial  suppuration  is  almost  hopeless. 
The  only  form  in  which  recovery  may  occur,  without  surgical  interference,  is 
that  in  which  acute  suppuration  occurs  beneath  a  compound  fracture  with  loss 
of  bone.    In  these  cases  the  pus  may  discharge  itself  through  the  wound  and 

recovery  may  follow. 

Treatment.-— The  preventive  treatment  of  intracranial  suppm-atiou  con- 
sists in  efficient  antiseptic  treatment  of  any  wound  of  the  head.  _  If  this  fails, 
exit  must  be  given  to  the  pus  in  some  way  or  the  patient  will  die.  In  cases 
of  acute  suppuration  in  compound  depressed  fractures  or  punctured  fractures, 
if  no  primary  operation  has  been  performed,  the  bone  should  be  at  once 
exposed  and  the  fragments  elevated  or  removed  and,  if  necessary,  the  opening 
enlarged  with  the  trephine  or  chisel.  This  gives  the  patient  his  only  chance, 
but  if  the  case  is  complicated  by  septic  meningitis  it  is  but  small. 

In  the  chronic  and  subacute  cases  following  injuiy  with  exposure  of  the 
bone,  the  Surgeon's  duty  is  equally  evident.  Pie  should  expose  the  bone 
thoroughly,  and  if  he  finds  it  bare,  yellowish  in  colour  and  possibly  necrosed, 
he  should  at  once  remove  a  circle  of  bone  with  a  large  trephine.  The  opera- 
tion, if  carefully  performed,  can  do  no  hann,  and,  if  pus  has  formed,  it, is  the 
only  chance  of  saving  life.  If  pus  be  found  beneath  the  bone  the  cavity  in 
which  it  lay  should  be  cleaned  out  with  some  efficient  antiseptic  fluid  and 
dusted  with  iodoform,  after  which  the  wound  may  be  loosely  closed,  perfect 
provision  being  made  for  drainage,  and  an  antiseptic  dressing  of  some  kind 
applied.  The  dura  mater  should  be  carefully  examined,  and  if  a  small  aperture 
be  found  in  it  this  may  be  enlarged  to  facilitate  drainage. 

If  the  pus  is  immediately  beneath  the  dura  mater  that  membrane  will  be 
dull  yellowish  in  colour,  will  bulge  into  the  wound,  without  pulsation. 
Under  these  circumstances  an  incision  must  be  made  through  it.  If  pus  is 
reached  here  it  will  spirt  out  with  much  force. 

If  the  pus  is  more  deeply  seated  in  the  cerebral  substance,  the  dura  mater 
will  appear  perfectly  healthy  and  will  pulsate  as  usual.  In  such  a  case 
Dupuytren  plunged  a  bistoury  into  the  substance  of  the  brain  and  thus 
luckily  relieved  the  patient  from  an  abscess  in  this  situation.  This  was 
doubtless  a  somewhat  rash  thing  to  "do  without  previously  ascertaining  the 
presence  of  pus  by  milder  means. 

It  is  now  well  known  that  no  harm  results  from  careful  puncture  of  the 
brain-substance  with  a  grooved  needle  or  with  the  smaller  needles  of  the 
aspirator.  In  these  cases,  therefore,  a  careful  search  should  be  made  for  the 
pus  by  means  of  a  grooved  needle  or  an  aspirator.  If  the  latter  instrument 
be  used  only  a  partial  vacuum  should  be  produced,  otherwise  the  soft  cerebral 
substance  will  be  forced  into  the  needle  and  choke  it.  Care  must  be  taken, 
however,  that  the  needle  is  pushed  straight  onwards  in  the  direction  intended, 
aU  lateral  movements  being  avoided,  and  in  this  way  several  punctures  in 
different  parts  may  safely  be  made.  Hulke  in  this  way  detected  the  pi-esence 
of  an  abscess  in  the  frontal  lobe  of  the  brain  in  a  boy  aged  15,  seven  weeks 
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after  he  had  received  a  blow  on  the  forehead  cansinf?  a  small  stellate  fracture 
of  the  outer  table  of  the  skull  which  was  not  discovered  at  the  time  of  the 
accident.  The  abscess,  which  was  situated  about  one  inch  below  the  surface 
of  the  brain,  was  opened  by  a  knife  passed  alonf?  the  aspirator  needle  and  about 
5iij  of  thin  greenish  pus  were  evacuated.  The  boy  recovered,  but  unfor- 
tunately became  completely  blind  from  atrophy  of  both  optic  papillae  following 
on  neuro-retinitis.  Hulke  was  led  to  infer  the  presence  of  an  abscess  in  this 
case  chiefly  by  the  fact  of  hemiplegia  supervening  gradually  many  weeks  after 
an  injury  to  the  head,  a  symptom  to  which  he  attaches  much  importance. 

If  there  is  locahsed  paralysis  the  situation  of  the  trephine-aperture  and  the 
direction  in  which  the  pus  must  be  sought  for  are  determined  by  our  know- 
ledge of  the  functions  of  the  cortical  motor  centres  (p.  761). 

If  the  abscess  be  deeply  seated,  a  small  drainage-tube,  the  end  of  Avhich 
may  be  slightly  dusted  with  iodoform,  must  be  inserted  into  the  cavity,  other- 
wise the  swollen  brain  substance  will  prevent  drainage. 

The  difliculties  in  the  diagnosis  and  treatment  of  these  cases  are,  however, 
often  very  great,  as  the  following  cases  will  show.  A  man  was  admitted  into 
University  College  Hospital  with  an  extensive  lacerated  wound  of  the  scalp, 
denuding  the  pericranium.  He  continued  free  from  all  cerebral  distm-bance 
until  the  tenth  day  after  the  accident,  ^vhen  he  complained  of  headache,  and 
had  a  quick  pulse  and  a  hot  skin  ;  at  this  time  it  was  observed  that  the 
pericranium  had  separated  from  the  skull.  Active  antiphlogistic  treatment 
was  followed  by  subsidence  of  symptoms,  and  the  patient  went  on  favourably 
until  the  thirty-fourth  day,  when  he  suddenly  became  delirious  and  then 
unconscious,  though  easily  roused  when  spoken  to  loudly,  and  then  answeiing 
rationally  ;  his  pulse  fell  to  48.  He  died  on  the  thirty-ninth  day,  comatose. 
On  examination  after  death,  the  pericranium  was  found  detached  at  the  seat  of 
injury  ;  under  this  the  dura  mater  was  thick,  yellow,  and  opaque,  but  no  pus 
was  observable.  On  separating  the  hemispheres,  however,  a  large  abscess  was 
found  situated  deeply  in  the  anterior  lobe  on  the  injured  side,  and  protruding 
into  the  median  fissure.    It  contained  about  one  ounce  of  pus. 

Another  case  admitted  into  the  Hospital  was  that  of  a  man  who  had 
received  a  large  lacerated  wound  on  the  left  side  of  the  scalp  in  conse- 
quence of  a  fall.  There  was  no  injury  to  the  bone,  and  the  patient  went 
on  perfectly  well  until  the  seventy-seventh  day,  the  wound  having  cicatrized. 
He  was  then  suddenly  seized  with  hemiplegia  of  the  right  side,  from  which 
he  recovered  partially  on  being  bled  ;  some  twitching  of  the  muscles,  how- 
ever, continued.  On  the  ninety-ninth  day  after  the  accident  he  became 
comatose,  and  was  trephined  by  S.  Cooper,  but  Avithout  relief,  dying  with 
symptoms  of  compression  of  the  brain  on  the 'third  day  after  the  operation. 
On  examination  thick  yellow  lymph  was  found,  covering  the  whole  of  the 
upper  surface  of  l)oth  hemispheres,  lying  between  the  arachnoid  and  pia 
mater,  and  extending  into  the  sulci  between  the  convolutions.  There  was 
an  abscess  in  the  substance  of  the  brain  near  the  surl'ace  of  the  riglit 
hemisphere — the  side  opposite  to  the  seat  of  injury.  Here  also,  though  the 
symptoms  were  well  marked,  and  the  diagnosis  as  to  the  existence  of  pus 
correct,  trephining  was  useless,  as  the  pus  could  not  be  evacuated.  These 
cases  serve  to  indicate  the  difficulties  that  surround  any  operation  undertaken 
with  the  view  of  evacuating  matter  from  within  the  cranium. 

Heuxia  or  Fungus  Cekebri. — In  those  cases  in  which  a  laceration  of  the 
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])rain  and  dura  mater  communicafces  with  a  fracture  of  the  skull,  it  is  occasion- 
ally found,  more  particularly  in  children,  that  a  dark  brown  or  bloody  fungus- 
looking  mass  of  cerebral  matter  protrudes  from  the  wound.  The  period  after 
the  receipt  of  an  injury  at  which  this  protrusion  takes  place,  varies  from  a  few 
days— eight  or  ten — to  several  weeks.  It  has  been  remarked  by  Guthrie,  and 
the  observation  has  been  fully  confirmed,  that  hernia  cerebri  is  more  Ukely  to 
take  place  through  small,  than  through  large,  apertm-es  in  the  cranial  bones. 

The  protrusion  is  always  the  result  of  abnormal  intracranial  pressure,  from 
inflammatory  swelling  of  the  brain-substance  round  the  injured  spot,  or  occa- 
sionally from  the  formation  of  an  abscess  in  the  hemisphere.  As  the  protru- 
sion increases  in  size,  it  becomes  partially  strangulated  by  the  narrow  opening 


Fig.  325. — Hemia  Cerebri  following  Oompound  Comminuted  Fracture  of  Right  Parietal  Bone. 

through  which  it  passes,  and  its  size  becomes  increased  by  oedema,  and  by 
haemorrhage  and  effusion  into  its  substance.  Thus  the  tumour  increases  rather 
rapidly,  pulsates  synchronously  with  the  brain,  and  may  shortly  attain  the  size 
of  a  hen's  egg,  or  become  even  larger  (Fig.  325).  In  its  composition  and 
structure  it  varies.  In  some  instances  it  is  composed  chiefly  of  extravasated 
blood  ;  but  the  true  fungus  cerebri  is  composed  of  softened  and  disintegrated 
cerebral  matter,  infiltrated  with  inflammatory  exudation  and  blood.  Softening 
of  the  brain,  with  red  discoloration,  extends  for  some  little  distance  under  the 
base  of  the  tumour.  The  mental  condition  of  the  patient  is  in  many  cases 
not  much  disturbed  at  first,  there  being  merely  some  degree  of  cerebral  iiTita- 
tion.  .Speedily,  however,  stupor  comes  on,  and  death  in  most  cases  eventually 
occurs  from  encephalitis,  ending  in  coma,  consequent  on  the  inflammatory 
effusion  that  takes  place  within  the  skull. 
Although  the  prognosis  in  fungus  cerebri  is  extremely  bad,  it  is  not  hopeless. 
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In  the  American  war  seven  cases  of  recovery  are  recorded.  In  the  Italian  war 
of  1859,  Demrae  saw  five  recoveries  out  of  twenty-one  cases. 

Treatment. — Preventive  treatment  is  of  the  greatest  importance,  for  if  the 
complication  be  once  established,  its  cure  is  very  uncertain.  The  rigid  anti- 
septic treatment  of  the  wound  by  some  eiRcient  method  is  the  only  real  pre- 
ventive means  at  our  command  ;  if  by  this  we  succeed  in  warding  off  spreading 
inflammation  in  the  brain-substance  round  the  laceration,  there  will  be  no 
tendency  to  hernia  cerebri.  Should  the  fungus  form,  the  treatment  is  extremely 
unsatisfactory.  If  the  tumour  be  shaved  off,  as  is  usually  recommended,  it 
generally  sprouts  again  until  the  patient  is  destroyed  by  irritation  and  coma 
conjoined.  In  some  fortunate  cases,  however,  the  removal  of  the  tumour  is 
not  followed  by  its  reproduction.  All  that  can  be  done  is  to  slice  off  the 
growth  on  a  level  with  the  brain  ;  to  apply  a  pledget  of  dry  lint,  and  a 
compress  and  bandage  over  the  part,  thus  allowing  it  to  granulate  and  the 
wound  to  cicatrize. 

SECONDABY   OR   REMOTE    EFFECTS    OF   HEAD  INJURIES. 

Effects  of  CerelDral  Injury  on  the  Mental  Powers. — The  mental  con- 
dition of  patients  who  are  recovering  or  who  are  supposed  to  have  recovered 
from  head-injury,  is  one  that  deserves  attentive  consideration.  It  will  fre- 
quently be  found  that  the  mental  powers  are  weakened,  either  generally  or  in 
one  special  direction. 

The  memory  will  often  be  found  to  be  weakened  in  a  very  remarkable 
manner  on  the  recovery  of  the  patient  from  that  unconsciousness  which  results 
from  severe  concussion.  Not  only  is  there  a  complete  blank  as  to  all  that 
occurred  during  the  period  of  the  unconsciousness,  but  the  memory  may  be 
lost  for  those  events  which  immediately  preceded  it.  Thus  a  driver  will 
remember  his  horses  taking  fright ;  but  he  will  never  be  able  to  recall  to  his 
recollection  the  various  events  that  occurred  before  he  was  thrown  from  his 
box,  and  received  that  blow  on  the  head  which  produced  concussion  of  the 
brain  and  rendered  him  unconscious — events  which  had  certainly  produced 
impressions  upon  the  brain  before  it  was  injured — impressions  which  were 
permanently  obliterated  by  the  concussion  of  the  cerebral  substance.  The 
chain  of  memory  is  broken  abruptly  at  some  occurrence — often  of  a  very 
trivial  character — antecedent  to  the  accident,  and  the  gap  then  left  can  never 
be  filled  by  any  subsequent  effort  on  the  part  of  the  patient. 

The  memory  may  be  impaired  in  other  ways,  as  for  words,  pereons,  or 
dates.  The  mind  cannot  grasp  a  subject  or  carry  out  a  continuous  train  of 
thought,  and  is  incapable  of  fixed  attention  or  reasoning.  Delusions  of 
various  kinds  may  occur,  especially  in  connexion  with  the  mode  of  occun-ence 
of  the  accident.  I  have  known  a  patient  to  give  the  most  consistent  and 
detailed  accounts  of  the  mode  in  which  his  head  was  injured,  varying  them 
from  day  to  day — every  one  being  false,  but  believed  in  by  the  patient  at  the 
time.  The  patient  could  be  led,  by  a  process  of  questioning  and  suggestions 
combined,  to  give  almost  any  version  that  the  intcn'ogator  desired  ;  and  this 
with  great  circumstantiality  of  detail.  This  is  a  matter  of  much  interest  and 
importance  in  a  medico-legal  aspect,  as  it  is  evident  that  an  individual  who 
has  sustained  a  severe  injury  of  the  head  might,  in  perfect  good  faith,  give  an 
entirely  false  account  of  the  mode  of  infliction  of  the  injury,  by  which  an 
innocent  person  might  be  seriously  compromised. 
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Epilepsy  is  not  an  uncommon  consequence  of  injury  of  the  head  especially 
when  the  blow  has  been  inflicted  in  the  region  of  the  cortical  motor  centres. 
It  has  been  said  to  arise  ft-om  the  following  causes  : — 1st,  from  a  neuralgic 
cicatrix  on  the  scalp — the  starting  point  of  reflex  convulsions  ;  2nd,  from 
chronic  osteitis  of  the  part  of  the  skull  struck  giving  rise  to  thickening  and 
induration  in  the  bone  ;  3rd,  from  depression  of  bone,  fracture  of  the  inner 
table  or  the  formation  of  osseous  stalactites  pressing  on  the  surface  of  the  brain 
in  the  motor  area  ;  4th,  from  chronic  thickening  of  the  dura  mater ;  and  5th, 
from  scars  or  other  lesions  in  the  area  of  the  cortical  motor  centres. 

In  cases  in  which  the  epilepsy  is  due  to  irritation  of  a  special  centre,  either 
by  the  presence  of  a  scar,  or  by  bony  outgrowth  or  depressed  bone,  it  com- 
monly happens  that  by  careful  observation  of  the  fits  some  indication  can  be 
obtained  of  the  situation  of  the  lesion.  There  may  be  peculiar  sensations 
recognized  by  the  patient  in  some  particular  part,  but  the  most  characteristic 
feature  is  that  the  fit  commences,  as  in  recent  lacerations  (p.  759,  et  seq.),  by 
spasm  of  the  part  in  connection  with  the  affected  centre,  a  fact  first  pointed  out 
by  Hughlings  Jackson.  In  other  cases  the  parts  connected  with  the  centre  may 
be  weakened  or  paralysed. 

In  the  Treatment  of  traumatic  epilepsy  operative  interference  may  be 
resorted  to  after  the  ordinary  constitutional  means  have  failed.  If  it  seems  to 
be  due  mei-ely  to  a  painful  cicatrix  in  the  scalp,  we  may  follow  Bryant's 
advice  and  dissect  it  up  without  removing  any  of  the  subjacent  bone. 

The  practice  of  trephining  in  these  cases  is  a  very  ancient  one.  The  older 
Surgeons  often  employed  it,  and  Chne  cured  a  patient  whose  epilepsy  was 
found  to  be  occasioned  by  an  osseous  projection  from  the  inner  table,  and 
whose  last  fit  was  on  the  operating  table  before  the  elevation  of  the  disc  of 
affected  bone.  The  practice  fell  into  disuse  until  recently  revived  by  Lucas- 
€hampionniere,  West,  and  others.  Operative  interference  for  epilepsy  was 
formerly  limited  to  removing  a  portion  of  bone  in  the  scar  of  a  previous 
injury,  the  Surgeon  hesitating  to  perform  any  operation  on  the  brain  itself. 
The  innumerable  experiments,  however,  which  have  been  made  on  animals 
with  the  object  of  ascertaining  the  functions  of  the  different  portions  of  the 
■cerebral  cortex,  have  shown  conclusively  that  if  perfect  asepsis  be  maintained, 
large  portions  of  the  brain  may  be  removed  with  but  little  danger  to  life.  The 
fear  of  haamorrhage  from  the  wounded  bi'ain,  which  also  had  a  great  restrain- 
ing influence  on  Surgeons  has  been  shown  to  be  groundless.  Guided  by  his 
•experience  in  these  experimental  investigations,  Victor  Horsley  has  developed 
the  operation  of  removal  of  portions  of  the  brain,  to  a  degree  of  perfection 
that  a  few  years  ago  would  have  been  considered  beyond  the  bounds  of  possir 
bility.  Up  to  December,  1886,  he  had  operated  on  three  cases  of  traumatic 
•epilepsy  by  removing  the  cortical  centre  in  which  the  motor  storm  commenced 
with  good  results  in  each  case.  In  one  the  patient,  a  man  of  22,  had  an  old 
depressed  fracture  of  the  skull,  giving  rise  to  fits  beginning  in  the  right  leg. 
During  the  thirteen  days  previous  to  the  operation  he  had  2870.  On  exposing 
the  brain,  a  scar  involving  the  hinder  end  of  the  superior  frontal  sulcus  and 
Jthe  membranes  covering  it  was  found  and  removed  with  the  brain  substance 
around  it.  The  patient  recovered  rapidly,  and  has  had  no  fits  since.  Of  the 
two  other  patients,  one  was  relieved  and  one  cured.  The  details  of  the  opera- 
tion are  the  same  as  in  removal  of  tumours  of  the  brain,  and  will  be  described 
with  the  operation  of  trephining, 
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The  operation  thus  holds  out  a  chance  of  reh'of  or  cure  in  othermse  hopeless 
cases,  bub  it  should  of  course  not  be  undertaken  unless  other  means  have 
failed,  and  the  symptoms  are  so  severe  as  to  make  the  patient  willing  to  run 
the  inevitable  dangers  of  the  operation,  ajid  to  submit  to  permanent  paralysis 
of  a  portion  of  his  body.  In  such  a  case  as  that  described  on  pp.  7C2,  7G3,  in 
which  the  fits  occur  at  long  intervals  and  the  health  between  them  is  perfect, 
the  patient  had  better  be  content  to  bear  the  ills  he  has. 

OPEEATION    OF  TBEPHINING. 

Before  concluding  the  subject  of  injuries  of  the  head,  it  is  necessary  to  say 
a  few  words  on  the  operation  of  Trephining,  M'hich  may  be  required  for  one 
of  the  eight  following  conditions,  viz.  : — 

1.  Simple  depressed  fracture  of  the  cranium  with  symptoms  of  compression. 

2.  Compound  depressed  fracture  of  the  cranium,  with  or  without  symptoms 
of  compression. 

3.  Punctured  or  incised  fracture  of  the  cranium. 

4.  Extravasation  of  blood  between  the  cranium  and  dura  mater  from  rupture 
of  the  middle  meningeal  artery. 

5.  Intracranial  abscess. 

f).  For  the  removal  of  a  bullet  lodged  within  the  cranium. 

7.  For  the  cure  of  traumatic  epilepsy. 

8.  For  the  removal  of  tumours  of  the  brain. 

The  instruments  required  in  the  operation  of  trephining  are  a  scalpel  and 
periosteal  elevator,  the  trephine  and  elevator,  Hey's  saw,  a  chisel  and  mallet, 
bone-forceps,  and  a  strong  pair  of  dissecting  forceps.  There  should  be  ready 
also  a  small  brush  to  clean  the  teeth  of  the  trephine  if  they  become  choked 
and  a  quill  cut  to  a  rather  long  blunt  point. 

As  a  preliminary  step  the  head  must  be  completely  shaved  and  cleaned  in 
the  way  described  on  p.  725.  If  the  operation  is  not  one  of  emergency  the 
scalp  should  be  covered  with  lint  soaked  in  carbolic  lotion  (1  in  20),  over 
which  must  be  placed  a  layer  of  oiled  silk.  This  must  be  applied  for  12  hours 
before  the  operation  and  changed  about  every  hour. 

If  the  patient  is  sensible  an  ancesthetic  must  be  administered.  If  tlie 
operation  is  being  undertaken  for  the  removal  of  a  portion  of  the  brain  or 
tumour,  Victor  Horsley,  M'ho  has  so  highly  distinguished  himself  in  this  branch 
of  surgery,  advises  the  use  of  chloroform,  and  that  a  hypodermic  injection  of  a 
quarter  of  a  grain  of  mor^jhia  should  be  previously  given,  as  not  only  does  this 
enable  the  desired  effect  to  be  produced  with  asmaUer  amount  of  the  anfesthetic, 
but  Schiifer  and  he  have  demonstrated  experimentally  that  it  tends  to  cause  a 
contraction  of  the  arterioles  of  the  brain,  and  thus  to  diminish  huBmorrhage. 

The  bone  should  be  exposed  by  a  free  incision,  any  wound  that  may  exist 
at  the  time  being  utilized.  If  the  scalp  is  unbroken  a  curved  incision  exposing 
the  bone  by  a  single  flap  will  be  found  more  convenient  than  a  ~r-sha])ed  or 
crucial  incision  such  as  is  often  recommended.  The  periosteum  must  be  raised 
in  the  flap  with  the  periosteal  elevator. 

The  bone  being  exposed  it  may  not  be  necessary  to  apply  any  saw  in  some 
cases  of  depressed  fractures.  In  others  a  cut  may  be  made  wiLh  a  Hey's  saw 
between  two  branches  of  a  fracture.  In  cases  in  which  the  bone  is  not  broken 
the  trephine  must  be  used.  This  should  have  a  well-tempered  crown,  sen-ated 
half-way  up  its  exterior  ;  the  teeth  should  be  short  and  broad  ;  the  centre-piu 
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luusfc  not  project  more  than  about  one-sixteenth  of  an  inch,  and  care  must  be 
taken  that  the  screw  which  fixes  it  is  in  good  working  order.  The  trephine, 
with  tlie  centre-pin  protruded  and  well  screwed  down,  is  now  to  be  firmly 
apphed  until  its  teeth  touch  the  skull  (Fig.  326)  ;  it  is  then  worked  with 
rather  a  sharp  light,  and  quick  movement,  the  pressure  being  exercised  as  the 
hand  is  carried  from  left  to  right.  The  centre-pin  must  be  withdrawn  as 
soon  as  a  good  groove  is  formed  by  the  crown,  lest  it  perforate  the  skull  first 
and  injure  the  dura  mater.  In  this  way  the  outer  table  of  the  skull  is  quickly 
divided,  and  the  diploe  cut  into  (Fig.  327) ;  the  detritus  which  now  rises  by 
the  crown  of  the  trephine  is  soft  and  bloody,  instead  of  being  dry,  as  it  is 
whilst  the  outer  table  is  being  sawn.  As  the  instrument  approaches  the  dura 
mater,  the  sawing  must  be  conducted  more  warily,  and  must  every  now  and 


Fig.  326. — Application  of  Trephine.  Fig.  o27.— Trepliiue-cut  at  edge  of  fracture. 


then  be  interrupted,  in  order  that  the  Surgeon  may  examine  with  the  quill, 
or  with  the  flat  end  of  a  probe,  the  depth  that  has  been  attained,  care  being 
taken  that  this  is  uniform  throughout  the  circle.  The  Surgeon  now  makes 
each  turn  very  lightly,  and  now  and  then  tries  with  a  slight  to-and-fro  move- 
ment whether  the  circle  of  bone  is  loose.  As  soon  as  it  is,  he  withdraws  it  in 
I  the  crown  of  the  trephine,  or  raises  the  bone  by  means  of  the  elevator. 

The  trephine  used  should  always  be  about  one  inch  in  diameter,  except 
:  in  those  cases  in  which  it  is  only  required  to  remove  a  small  piece  of  bone  to 
insert  the  elevator  under  a  depressed  fragment. 

In  operations  on  the  brain-substance  a  single  trephiue-aperture  is  not 
I  nearly  large  enough.    The  opening  may  be  enlarged  by  making  another 
trephiue-aperture  and  removing  the  bone  between,  the  two  with  a  chisel,  or  by 
1  marking  out  a  deep  groove  with  the  Hey's  saw  and  cuttiug  the  bone  away 
with  strong  bone-forceps. 

If  it  is  necessary  to  open  the  dura  mater  this  is  best  done  by  an  incision 
following  the  line  of  the  opening  in  the  bone,  but  about  one-eighth  of  an  inch 
away  from  it,  so  that  the  flap  can  be  replaced  and  retained  by  catgut  sutures 
if  necessary.    Any  vessels  that  bleed  must  be  tied  with  fine  catgut. 

In  operating  for  tumours  or  cicatrices  tlie  dura  mater  may  be  adherent  to 
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the  portion  of  the  brain  to  be  removed,  and  it  may  then  be  necessary  to  cut  it 
away. 

On  opening  the  dura  mater  the  brain  must  be  examined.  A  marked 
tendency  to  bulge  into  the  opening  is  observed  in  abscess,  and  in  tumour  of 
the  brain,  and  its  pulsation  may  be  feeble  or  indistinct,  or  even  -wanting. 
The  colour  is  often  changed,  and  the  membranes  abnormally  adherent  to  it. 
If  a  tumour  is  present  an  unnatural  sense  of  resistance  may  be  readily 
perceptible. 

Portions  of  the  brain  may  be  removed  by  means  of  a  common  scalpel ;  or  a 
blunt  knife,  like  a  tenotome  in  form,  made  of  soft  iron  Avhich  can  be  bent  to 
any  form  will  be  found  a  very  useful  instrument.  The  bleeding  is  at  first 
very  free,  but  soon  ceases  on  gentle  pressure  with  a  sponge.  Wlien  the 
operation  is  complete,  if  the  nature  of  the  case  admits  of  it,  after  the  dura 
mater  has  been  laid  down,  the  bone  which  has  been  removed  may  be  cut  into 
small  pieces,  as  recommended  by  Macewen,  and  planted  about  on  the  surface, 
Avhere  it  will  often  adhere  and  help  to  close  the  opening  with  new  bone.  The 
flap  of  the  scalp  should  then  be  laid  down  and  very  accurately  adjusted  \sath 
sutures.  Drainage  may  be  provided  for  by  means  of  a  small  tube,  but 
Horsley  states  that  if  one  inch  of  the  wound  be  left  open  at  the  most 
dependent  part,  no  tube  will  be  required,  and  primary  union  of  the  whole 
wound,  which  is  of  the  greatest  importance,  is  favoured  by  this  mode  of  treat- 
ment. Some  thoroughly  efficient  antiseptic  dressing  must  then  be  applied. 
The  carbolic  gauze,  besides  being  very  safe,  has  the  advantage  that  cold 
can  be  applied  over  it,  which  cannot  be  efficiently  done  over  cotton-wool 
dressings. 

If  the  Surgeon  is  called  upon  to  trephine  with  no  antiseptic  materials  at 
hand,  as  may  happen  in  military  surgery,  he  should  avoid  the  use  of  water  ; 
he  may  wipe  away  the  blood  with  dry  lint,  and  apply  a  dry  dressing  after- 
wards. By  this  means  he  will  give  the  patient  the  best  chance  of  escaping 
putrefaction  of  the  discharges  and  septic  meningitis  in  those  cases  in  which 
the  dura  mater  is  wounded. 

There  are  certain  parts  of  the  skull — over  the  venous  sinuses,  for  instance, 
and  near  the  base — to  Avhich  no  Surgeon  would  apply  the  instrument  if  it 
could  possibly  be  avoided.  If  it  were  ever  thought  necessary  to  trephine  at 
the  frontal  sinuses,  the  outer  table  must  first  be  removed  with  a  large  crown, 
and  the  inner  table  sawn  out  with  a  smaller  one. 

The  escape  of  cerebro-spiual  fluid  through  a  trephine  aperture  is  a  remark- 
able occurrence.  In  one  such  case  recorded  by  Clement  Lucas,  the  cerebro- 
spinal fluid  began  to  escape  the  day  after  the  operation.  The  jiatient, 
however,  so  far  I'ecovercd  as  to  be  on  the  point  of  leaving  the  Hospital,  when 
erysipelas  set  in,  and  he  died  of  acute  meningitis.  After  death,  the  track  of 
damaged  brain  Avas  found  leading  to  the  ventricle  from  which  the  fluid  had 
escaped  through  the  scalp.  This  case  confirms  the  statement  made  by  Clement 
Lucas,  that  where  cerebro-spinal  fluid  escapes  through  the  calvaria,  the 
ventricular  cavity  of  the  brain  has  always  been  opened. 

Death  after  the  operation  of  trephining,  when  it  occurs,  is  commonly  the 
result  of  the  condition  for  the  relief  of  which  the  operation  was  undertaken, 
or  of  septic  meningitis.  As  the  Surgeons  of  former  days  never  published 
statistics,  we  have  nothing  to  show  us  the  mortality  that  folloMcd  tre- 
phining in  their  times,  when  it  was  undertaken  very  recklessly,  as  we  should 
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now  tliiuk  ;  but  it  seems  improbcable  that  an  operation  so  lightly  undertaken 
could  have  been  -very  fatal.  The  good  results  would  appear  to  have  been  due  to 
two  causes — first,  a  large  number  of  the  cases  in  which  it  was  done  were  uncom- 
plicated by  serious  injury  or  disease  of  the  brain  ;  and  secondly,  the  drainage 
after  the  operation  must  have  been  very  perfect,  as  the  piece  of  scalp  corre- 
sponding to  the  bone  removed  was  also  taken  away,  the  wound  being  left  to 
heal  by  granulation. 

In  this  century,  before  the  introduction  of  antiseptic  treatment,  the  death 
rate  was  very  high.  Of  17  cases  in  which  the  trephine  proper  was  used  at 
University  College  Hospital,  by  Cooper,  Liston,  and  myself,  6  patients  recovered, 

1  other  died  of  injury  of  the  spine  unconnected  with  the  operation,  and  the 
remaining  10  died  from  various  causes.  In  the  late  American  Civil  War,  the 
results  were  more  satisfactory  than  the  previous  experience  of  Army  Surgeons 
would  have  led  us  to  hope.  Of  107  cases  of  trephining,  47  recovered  ;  and 
of  114  cases  where  fragments  of  bones  were  removed  by  the  forceps  and 
elevator,  without  the  use  of  the  trephine,  53  recovered. 

The  introduction  of  antiseptic  surgery  has  greatly  reduced  the  mortality, 
especially  in  cases  in  which  the  dura  mater  is  wounded.  Kramer  gives  the 
following  results  obtained  from  published  cases  and  the  reports  of  hospitals  in 
which  the  antiseptic  system  has  been  adopted.  Of  25  cases  in  which  primary 
trephining  was  perfoimed  for  compound  fracture,  21  healed  by  first  intention, 

2  after  suppuration,  and  2  died,  1  of  circumscribed  meningitis,  and  1  of 
meningo-encephalitis.  In  6  cases  of  secondary  trephining,  3  healed  by  first 
intention,  2  by  second  intention,  and  1  died  with  hernia  cerebri.  In  22  cases 
in  which  the  skull  was  opened,  through  a  previously  sound  scalp,  for  tumours, 
epilepsy,  old  depressed  fractures,  &c.,  21  healed  without  fever,  13  by  first 
intention,  and  none  died. 

The  brilliant  results  obtained  by  Horsley  in  operations  for  removal  of 
tumours  and  other  morbid  conditions  of  the  brain,  show  what  can  be  done  by 
careful  attention  to  details  in  opei'ating  and  by  strict  antiseptic  treatment  of 
the  wound.  Up  to  December,  1886,  he  had  operated  on  ten  cases,  in  nine  of 
which  he  removed  considerable  portions  of  the  brain.  Only  one  died  or  even 
suffered  from  any  serious  symptoms  after  the  operation.  In  the  fatal  case, 
the  operation  was  performed  on  the  cerebellum  and  the  patient  never  rallied 
from  the  shock.  The  disease  was  tubercular,  and  the  patient  was  in  feeble 
health,  having  generalized  chronic  tubercle  in  the  viscera. 
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CHAPTER  XXV. 


INJURIES  OF  THE  SPINE. 

Injuries  of  the  spiue,  like  those  of  the  head,  derive  their  importanf^ 
mamly  from  the  lesions  of  the  enclosed  nervous  structures  hy  which  they  are 
accompanied.  Speaking  clinically,  by  "  the  spine  "  is  meant  not  the  vertebral 
column  only— that  is  merely  its  skeleton— but  the  whole  of  those  structures 
which  in  the  living  body  connect  together,  or  are  included  within  the  various 
bones  of  which  that  column  is  composed.  These  structures  are  of  the  most 
diversified  character  ;  they  comprise  muscles,  tendons,  ligaments,  cartilage, 
fibro-carfcilage,  synovial  membrane  as  bonds  of  union.  As  included  structures 
we  find  the  spinal  cord,  its  membranes  and  blood-vessels,  the  roots  of  the 
spinal  nerves,  the  nerves  themselves,  ganglia  and  branches  of  the  sympathetic. 
Clinically  these  must  all  be  considered  as  constituents  of  the  spine— as  forming 
parts,  indeed,  of  one  organ.  In  an  injury  of  the  spiue,  whether  it  be  direct 
or  indirect,  all  these  structures  are  liable  to  be  implicated  to  a  greater  or  lesser 
extent.  In  a  severe  injmy  such  as  a  fracture,  it  is  evident  that  the  lesion  is  not 
confined  to  the  bones,  but  involves  more  or  less  extensively  all  the  external 
-structures  that  enter  into  the  conformation  of  the  spine,  as  well  as  the  included 
structures— the  cord  and  its  membranes,  and  the  spinal  nerves  in  their  exit 
from  the  canal.  So  also  in  less  severe  and  direct  injury,  as  in  a  concussiou, 
the  eflFect  is  not  limited  to  one  anatomical  constituent  only,  whether  that  be 
the  bones  or  the  cord,  but  imphcates  more  or  less  severely  one  and  all  of  the 
structures  that  enter  into  the  formation  of  the  spine,  or  that  are  included  in  its 
canal.  The  degree  to  which  each  suffers  will  necessarily  vary  gi-eatly  according 
to  the  force,  the  character,  and  the  direction  of  the  violence,  but  all  are  liable 
•  to  the  effects  of  the  injury.  It  is  of  the  utmost  importance  to  bear  this  fact 
in  mind,  in  making  the  diagnosis  and  considering  the  possible  after-conse- 
quences of  these  injuries.  In  some  cases  the  ligaments  and  muscles,  in  others 
the  bones,  in  others  again  the  spinal  nerves,  or  the  cord  itself,  will  appear 
to  be  the  part  that  has  chiefly  suffered  ;  but  in  no  instance  will  it  be  found 
that  the  damage  has  been  confined  to  one  structure,  to  the  exclusion  of  all 
the  rest. 

By  Concnssion  of  tlie  Spine,  then,  I  mean  the  case  in  which  by  a  blow 
upon  the  back,  by  a  severe  shake  of  the  body,  or  by  a  fall  from  a  height  on  to 
the  buttocks  or  feet,  the  various  anatomical  constituents  of  the  spine  have  been 
severely  jarred,  shaken  or  strained. 

When  the  injury  is  confined  mainly  to  the  motor  apparatus  of  the  spine, 
it  is  apt  to  be  followed  by  much  pain  on  movement  of  the  body,  espe- 
cially in  such  directions  as  to  stretch  the  injured  parts.  These  pains  lead  to 
instinctive  fixation  of  the  injured  parts,  and  the  painful  rigidity  so  resulting 
is  often  of  a  most  persistent  and  intractable  nature. 

In  most  cases,  the  nervous  structures  mainly  are  injured.  When  the  .spinal 
nerves  are  stretched  or  their  sensor}^  roots  damaged,  neuralgic  paius  of  a  most 
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intense  character,  often  occasioning  wide-spread  cutaneous  liyperfesthesia,  will 
develop.  If,  again,  the  cord  is  the  part  that  has  mainly,  or  in  conjunction 
with  the  others,  been  the  seat  of  injury,  symptoms  that  may  more  distinctly 
be  referred  to  Concussion  of  the  Spinal  Cord  will  result.  But  these,  it 
must  be  remembered,  will  always  be  found  to  be  more  or  less  complicated  with 
or  masked  by  the  damage  done  to  the  locomotor  and  the  other  nervous  con- 
stituents of  the  spine. 

What  has  here  been  said  with  regard  to  the  efTects  of  primary  lesion  of  the 
spine  is  equally  true  with  respect  to  the  secondary  consequences  of  such 
injuries.  An  injury  inflicted  on  the  ligamentous  structures  of  the  spine  may 
readily  develop  local  inflammatory  conditions,  that  eventually  extend ^  by 
continuity  of  structure  to  the  meninges  of  the  cord.  A  lesion  of  a  spinal 
nerve  may  give  rise  to  a  neuritis,  which  assuming  an  ascending  and  progressive 
character,  will  lead  to  permanent  and  organic  disease  of  one  of  the  lateral 
segments  of  the  cord.  And  so  an  injury  of  the  cord  itself  at  one  part  may 
after  a  time  lead  to  organic  changes  at  a  distant  and  higher  point. 

The  Spinal  Coed  is  subject  to  Concussion,  Compression,  and  Inflammation, 
as  the  result  of  external  violence  ;  and  any  of  these  conditions  may  occur 
without  injury  to  the  osseous  and  ligamentous  structures  investing  it,  although, 
in  the  majority  of  cases,  they  are  directly  occasioned  by  fracture  or  dislocation 
of  the  vertebrse.  The  cord  may  also  be  jjartiaUi/  or  completely  divided  by 
cutting  instruments,  gun-shot  wounds,  or  broken  vertebra. 

CONCUSSION    OF    THE    SPINAL  COED.' 

It  is  by  no  means  easy  to  give  a  clear  and  comprehensive  deflnition  of  the 
term.  Concussion  of  the  Spinal  Cord.  The  term  is  clinical  rather  than 
pathological.  It  is  generally  adopted  by  Surgeons  to  indicate  a  certain 
state  of  the  cord  occasioned  by  external  violence  ;  a  state  that  is  independent 
of,  and  usually,  but  not  necessarily  uncomplicated  by,  any  obvious  mechanical 
lesion  of  the  vertebral  column,  such  as  fracture  or  dislocation  ;  a  condition 
that  is  supposed  to  depend  upon  a  shake  or  jar  received  by  the  cord,  by  which 
its  intimate  structure  is  more  or  less  derauged,  by  which  its  functions  arc 
greatly  disturbed,  and  in  which  various  symptoms  indicative  of  loss  or  modifi- 
cation of  innervation  are  immediately  or  remotely  induced. 

It  appears  that  Surgeons  and  writers  on  diseases  of  the  nervous  system  have 
included  four  distinct  pathological  conditions  under  this  one  term,  concus&wn 
of  the  spinal  cord;  viz.,  1.  A  jar  or  shake  of  the  cord,  disordering,  to  a  greater 
or  less  degree,  its  functions,  without  any  lesion  perceptible  to  the  unaided  eye  ; 
2.  Compression  of  the  cord  from  extravasated  blood  ;  3.  Compression  of  the 
cord  from  inflammatory  exudations  within  the  spinal  canal,  whether  of  sei'um,; 
lymph,  or  pus  ;  and,  4.  Chronic  alterations  of  the  structure  of  the  cord  itself, 
as  the  result  of  impairment  of  nutrition  consequent  on  the  occurrence  of  one 
or  other  of  the  preceding. pathological  states,  but  chiefly  of  the  third.  These 
various  conditions  differ  remarkably  from  one  another  in  symptoms  and  effects, 
and  have  only  this  in  common — that  .they  are  not  dependent  upon  an  obvious 
external  injury  of  the  spine  itself ;  in  which  respect  they  differ  from  the 


*  I  winilil  rel'iii-  the  reader  to  my  work  on  "(.'oiic.iission  ol"  tlio  Spino,  Nervous  Shock,  ami OUier  Obsomr' 
Prijuries  of  the  Nervous  System,"  London,  1882,  For  a  nioro  complete  oxiiomtion  ol'  this  subj(!ct  than  can  bo 
given  here. 
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laceration  or  compression  of  the  cord  by  fracture  with  displacement  or  disloca- 
tion of  a  vertebra. 

Symptoms  indicative  of  concussion  of  the  spinal  cord  frequently  occur  in 
consequence  of  injuries  sustained  in  railway  collisions,  and  have  been  very 
forcibly  brought  under  the  observation  of  Surgeons  in  consequence  of  their 
havmg  been  the  fertile  sources  of  litigation  ;  actions  for  damages  for  injuries 
alleged  to  have  been  sustained  in  railway  coUisions  having  become  of  such 
frequent  occm-rence  as  now  to  constitute  a  very  important  branch  of  medico- 
legal mquiry.    The  symptoms  that  arise  from  these  accidents  have  been 
very  variously  interpreted.    Some  practitioner  have  ignored  them  entirely, 
beheving  that  they  exist  only  in  the  imagination  of  the  patient ;  or,  while 
admitting  their  existence,  have  attributed  them  to  other  conditions  of  the 
nervous  system  which  could  not  have  arisen  from  the  aUeged  accident.  And 
when  their  connection  with,  and  dependence  upon,  an  injury  have  been 
incontestably  proved,  no  Uttle  discrepancy  of  opinion  has  arisen  as  to  the 
ultimate  result  of  the  case,  the  permanence  of  the  symptoms,  and  the  cm-ability 
of  the  patient.    I  cannot  too  strongly  urge  the  fact  that  there  is  in  reality 
nothing  special  in  the  symptoms  of  concussion  of  the  spine  produced  by 
railway  collisions,  except  the  severity  of  the  accident  by  which  the  concussion 
is  occasioned,  and  that  it  is  consequently  a  mistake  to  look  on  a  certain  class 
of  symptoms  as  special  and  peculiar  to  railway  accidents.    Injuries  received 
on  railways  may  differ  in  their  severity,  but  do  not  dilfer  in  then-  nature,  from 
injuries  received  in  the  other  accidents  of  civil  life.    There  is  no  more  real 
difference  between  that  concussion  of  the  spine  which  results  from  a  railwav  ii 
collision  and  that  which  is  the  consequence  of  a  fall  from  a  horse  or  a  scaffold, 
than  there  is  between  a  compound  and  comminuted  fractm-e  of  the  leg  occa- 
sioned by  the  grinding  of  a  railway  carriage  over  the  limb  and  that  resulting 
from  the  passage  of  the  wheel  of  a  cart  across  it.    In  either  case,  the  injury 
arising  from  the  railway  accident  will  be  essentially  of  the  same  nature  as  "that 
which  is  otherwise  occasioned  ;  but  it  will  probably  be  immensely  more  severe 
m  Its  effects,  owing  to  the  greater  degree  of  violence  that  occasions  it. 

Concussion  of  the  spinal  cord  may  be  produced  either  by  direct  violence,  as 
by  severe  blows  or  falls  on  the  back,  giving  rise  to  local  pain  and  signs  of 
contusion,  or  by  slight  blows  :  or  by  iiidired  violence,  as  when  a  pei-son  meets 
with  a  fall,  or  general  concussion  of  the  body,  without  any  evidence  of  a  blow 
having  been  inflicted  on  the  spine  itself ;  or  by  hoists  md  sj)rai?is,  or  wrenches, 
of  the  vertebral  column. 

Concussion  feom  Direct  Violence.— Concussion  or  commotion  of  the 
spinal  cord,  as  a  consequence  of  severe  and  direct  blows  upon  the  back,  has 
long  been  recognized  and  described  by  those  writers  who  have  occupied  them- 
selves with  the  effects  of  injuries  to  this  part  of  the  body. 

The  Primary  Symptoms  of  concussion  of  the  cord  immediately  and 
directly  produced  by  a  severe  blow  upon  the  spine  will  necessarily  vary  in 
severity  and  extent  according  to  the  situation  of  the  injury,  the  force  with 
which  it  has  been  inflicted,  and  the  amount  of  organic  lesion  that  the  delicate 
structure  of  the  cord  has  sustained  from  the  shock  or  jar  to  which  it  has  been 
subjected.  A  severe  bloAV  upon  the  Upper  Cervical  Region  may  produce 
instantaneous  death  ;  a  less  severe  blow  may  produce  jiaralysis  of  one  or  of  all 
the  limbs,  with  every  possible  modification  of  combined  or  disassociated  loss  of 
motor  power  and  of  sensation,  of  hypera88thesia  and  of  ansesthesia  ;  or  it  may 
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give  rise  to  various  phenomena,  dependent  on  irritation  of  the  large  nerves 
that  take  their  origin  from  the  medulla  oblongata.  Thus,  when  the  vagus 
nerve  is  affected,  a  sense  of  suffocation,  with  irregular  action  of  the  heart,  may 
be  experienced,  or  severe  vomiting  may  be  established,  and  may  continue  for 
months.  Sometimes  the  spinal  accessory  nerve  is  irritated,  and  the  trapezius  or 
the  sterno-mastoid  muscle  thrown  into  a  more  or  less  permanent  spasmodic 
state.  From  injury  about  the  origin  of  the  phrenic  nefrve,  hiccup  and  a 
peculiar  sense  of  constriction  round  the  body,  as  if  the  patient  were  girt  with  an 
u-on  band,  may  be  established.  In  other  cases,  again,  the  diaphragm  becomes 
partially  paralysed  ;  it  does  not  descend  properly  in  inspiration,  hence  dyspnoea, 
often  to  a  very  serious  extent,  is  induced. 

When  the  Lower  Part  of  the  Cervical  Spine  has  been  struck  so  as  to 
concuss  the  cord,  I  have  known  paralysis  of  one  or  both  arms  induced, 
without  any  paralytic  symptoms  of  the  trunk  or  legs.  In  these  cases  the 
paralysis  may  go  off  entirely  ;  or  it  may  disappear  in  one  arm  and  continue 
in  the  other  ;  or  one  nerve  only  may  continue  to  be  affected — such  as  the 
circumflex,  the  musculo-spiral,  or  the  ulnar.  There  may  be  complete  paralysis 
of  sensation  and  of  motion  in  any  one  of  these  nerves  ;  or  motor  power 
may  be  lost,  whilst  sensation  is  normal ;  or,  more  commonly,  where  tlie 
sensibility  continues,  it  is  exalted,  and  we  may  find  loss  of  motor  power 
with  hypertesthesia.  These  modifications  of  innervation  may  be  confined 
to  one  nerve,  as  the  musculo-spiral,  when  there  will  be  loss  of  motor  power  in 
the  extensors  and  supinators  of  the  forearm  and  hand,  with  loss  of  sensation 
or  with  hyperfEsthesia  of  the  part  of  the  hand  supplied  by  the  radial  nerve. 
In  other  cases  we  find  motor  paralysis  of  the  circumflex  or  nmsculo-spiral 
nerve,  and  hypereesthesia  of  the  ulnar.  In  these  respects  there  is  every 
possible  variety. 

A  severe  blow  inflicted  on  the  Dorsal  or  the  Lumbar  Region  may  induce 
more  or  less  complete  paraplegia.  In  some  cases  the  paralysis  of  the  lower 
limbs  has  been  complete  and  instantaneous  ;  and  has  affected  both  sensation 
and  motion,  with  loss  of  power  over  the  sphincters.  In  other  cases  there  has 
been  only  paralysis  of  motion,  sensation  continuing  perfect  or  being  in  excess. 
The  reverse  has  been  met  with,  but  less  frequently  and  less. completely  ;  there 
being  loss  of  sensation,  and  impairment,  though  not  complete  loss,  of  power 
over  motion.  One  leg  is  frequently  more  severely  affected  than  the  other.  Or 
the  two  legs  may  be  unequally  affected  as  to  sensation  and  motion  ;  both 
sensation  and  motion  being  impaired,  but  in  varying  degrees  in  the  two  limbs. 
There  may  be  complete  loss  of  power  over  the  sphincters  both  of  the  bladder 
and  anus,  with  incontinence  or  retention  of  urine  and  fgeces  ;  or  the  loss  of 
power  may  be  confined  to  the  bladder,  which  is  especially  the  case  when 
there  is  paralysis  of  motion  rather  than  of  sensation  in  the  lower  limbs.  The 
state  of  the  urine  will  vary.  If  there  be  no  retention,  it  will  continue  acid. 
When  there  is  retention,  the  urine  usually  becomes  alkaline,  but  sometimes, 
even  when  there  is  complete  retention,  it  remains  strongly  acid  ;  and  OUivier 
noted  the  very  remarkable  circumstance  in  one  case  of  retention,  that  there  was 
an  enormous  formation  of  uric  acid,  so  that  the  catheter  became  loaded  with  it. 
Priapism  does  not  occur  in  concussion,  while  it  does  so  often  in  cases  of  lacera- 
tion and  irritation  of  the  cord. 

The  Temperature  of  the  body  generally  falls  below  the  normal  standard, 
often  very  markedly  so  :  the  extremities  and  the  mouth  being  especially 
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cold.  When  tested  by  the  thermometer,  in  the  axilla,  the  temperature  will 
often  be  found  to  be  from  four  to  six  degrees  below  the  normal  standard;  but 
when  the  thermometer,  which  perhaps  marked  only  90"  F.  in  the  axilla,  is 
placed  in  the  rectum,  it  will  be  found  to  rise  to  99°  or  ]00°  F.  This' is 
very  important  as  showing  that  the  whole  body  is  not  uniformly  of  a 
lower  temperature  than  normal.  It  points  rather  to  a  disturbance  of  the 
vaso-motor  action  of  the  sympathetic  nerve  than  to  any  direct  influence  exerted 
by  the  spinal  cord,  and  may  be  connected  with  that  condition  of  abdominal 
congestion  which  is  so  common  a  sequence  in  these  injuries. 

The  Secondary  Symptoms  of  severe  concussion  of  the  spine  are  usually 
those  of  developing  inflammation  in  the  meninges  and  in  the  cord  itself. 
They  consist  of  pain  in  some  part  or  parts  of  the  spine,  greatly  increased  by 
pressure  and  motion,  and  rigidihj  of  the  vertebral  column,  the  patient  moving 
it  as  a  whole.  The  pain  is  greatly  increased  by  all  movements,  but  especially 
by  those  of  rotation.  It  frequently  extends  as  a  line  down  the  hmbs  or  as  a 
circle  round  the  body,  giving  the  sensation  of  a  cord  tied  tightly. 

If  the  case  go  on  to  the  development  of  acute  inflammation  in  the  mem- 
branes of  the  cord,  spasms  of  a  serious  character  come  on  ;  at  first,  usually  of 
the  natm-e  of  trismus  ;  then  general  spasms  of  the  body  and  limbs,  mostly 
followed  by  speedy  death  from  the  exhaustion  produced  by  their  repetition. 

If  the  inflammation  become  chronic  or  subacute,  permanent  alterations  in 
the  sttrudure  of  the  cord  will  ensue,  leading  to  incurable  paralytic  aflTections, 
usually  confined  to  the  lower  extremities,  and  associated  with  great  and  deep- 
seated  derangement  of  the  general  health. 

White  softening  of  the  cord,  unassociated  with  signs  of  inflammation  of  it  or 
its  membranes,  may  be  the  result  of  a  blow  on  the  back.  In  this  condition 
paralysis  of  sensation  or  motion,  often  accompanied  by  peculiar  rigidity  of  the 
muscles,  may  come  on,  and  ultimately  advance  to  general  paralysis. 

Causes  of  Death. — Concussion  of  the  spinal  cord  from  a  severe  and  direct 
blow  upon  the  back  may  prove  fatal  at  very  different  periods,  depending  partly 
on  the  situation  of  the  blow,  and  in  a  great  measure  on  the  lesions  to  which  it 
has  given  rise.  Sudden  and  fatal  paralysis  has  often  occurred,  without  leaving 
after  death  any  lesion  of  the  cord  that  could  be  assigned  as  the  cause  of  death. 
Abercrombie  says,  "  Concussion  of  the  cord  may  be  speedily  fiital  without 
producing  any  morbid  appearance  that  can  be  detected  on  dissection."  And 
he  refers  to  a  case  related  by  Boyer,  and  foui-  recorded  by  Frank,  in  confirma- 
tion of  this  remark. 

In  other  cases,  the  fatal  result  may  be  occasioned  by  direct  and  demonstrable 
injury  of  the  spine  or  cord.  There  appear  to  be  four  forms  of  lesion  that  will 
lead  to  death  in  spinal  concussion  from  direct  severe  violence. 

1.  Hsemorrhage  within  the  spinal  canal: — a.  Between  the  vertebraj  and 
the  dura  mater ;  1).  Between  the  membranes  and  the  cord  ;  c.  In  both  situa- 
tions. In  these  respects,  intravertebral  extravasations  resemble  closely  those 
which  occur  as  the  result  of  injury  within  the  cranium. 

2.  Laceration  of  the  pia  mater  and  hernia  of  the  cord. 

3.  Extravasation  into  the  substance  of  the  cord. 

4.  Inflammation,  and,  perhaps,  suppuration  of  the  meninges,  with  softening 
and  disintegration  of  the  substance  of  the  cord.  This  disintegration  is,  doubt- 
less, of  an  acute  and  probably  inflammatory  character. 

Concussion  of  the  spinal  cord  from  a  direct  and  severe  injury  of  the  back 
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may  terminate  also  in  complete  recovery  after  a  longer  or  shorter  time,  or  in 
incomplete  recovery.  The  probability  of  the  termination  in  recovery  does  not 
ilepend  so  much  on  the  actual  severity  of  the  immediate  symptoms  that  may 
liave  been  occasioned  by  the  accident,  as  on  their  persistence.  If  they  continue 
beyond  a  certain  time,  changes  will  take  place  in  the  cord  and  its  membranes 
which  are  incompatible  with  the  proper  exercise  of  its  functions. 

Injuries  of  the  Vertebral  Column  in  Concussion. — In  concussion  of 
the  spinal  cord,  there  is,  in  addition  to  the  lesion  of  the  cord,  serious  injury 
inflicted  on  the  ligamentous  and  bony  structures  of  the  vertebral  column. 
This  injury,  however,  must  be  considered  as  an  accidental  comphcation,  as  it 
does  not  necessarily  occasion,  or  even  aggravate,  the  mischief  done  to  the 
cord.  Thus  the  ligaments  may  be  torn  through  so  as  to  allow  partial  separa- 
tion of  continuous  vertebrae  ;  or,  a  vertebra  may  be  fractured,  but  without  any 
displacement  of  the  broken  fragments,  or  other  signs  by  which  it  is  possible 
dui-ing  life  to  determine  the  exact  amount  of  injury  inflicted  on  the  parts 
external  to  the  cord.  In  this  respect  injuries  of  the  spine  closely  resemble 
those  of  the  head;  their  chief  importance  depending  on  the  amount  of  injury 
inflicted  upon  the  contained  parts.  In  the  spine,  as  in  the  head,  it  will  some-' 
times  be  found  after  death  from  what  appears  to  be,  and  in  reality  is,  simple 
injury  of  the  nervous  centres,  that  the  vertebral  column  in  the  one  case,  and 
the  skull  in  the  other,  has  suffered  an  amount  of  injury  unsuspected  during 
Hfe  ;  and  which,  though  it  may  not  in  any  way  have  determined  the  fatal 
result,  yet  affords  conclusive  evidence  of  the  violence  to  which  the  parts  have 
been  subjected,  and  the  intensity  of  the  shock  that  they  have  sustained. 
There  is,  however,  a  very  essential  difference  between  the  spine  and  the  head. 
A  simple  fi-acture  of  the  cranium  may  be  of  no  moment,  except  in  so 
far  as  the  violence  that  has  occasioned  it  may  have  affected  the  brain.  In 
the  spine,  the  case  is  not  parallel ;  for,  as  the  vertebral  column  is  the  centre  of 
support  to  the  body,  its  function  in  this  respect  will  be  lost  when  it  is  broken  ; 
even  though  the  spinal  cord  may  not  have  been  injured  by  the  edges  of  the 
fractured  vertebrae,  but  simply  violently  and  fatally  concussed  by  the  same 
force  that  broke  the  spine. 

Boyer  noticed  the  very  interesting  practical  fact,  that,  when  the  interspinous 
ligaments  were  ruptured  in  consequence  of  forcible  flexion  of  the  spine  for- 
wards, no  fatal  consequences  usually  ensued,  the  integrity  of  the  parts  being 
restored  by  rest ;  but  that,  when  the  ligamenta  subflava  were  torn  through, 
and  the  arches  separated,  paraplegia  and  death  followed.  This  he  attributed 
to  stretching  of  the  spinal  cord.  Sir  C.  Bell,  however,  with  great  acuteness, 
has  pointed  out  the  error  of  j:his  explanation,  and  states  that  "  it  is  the  pro- 
gress of  the  inflammation  to  the  spinal  marrow,  and  not  the  pressure  or  the 
extension  of  it,  which  makes  these  cases  of  subluxation  and  breach  of  the  tube 
fatal."  There  can  be  no  doubt  that  this  explanation  is  the  correct  one  ;  and 
that,  when  once  the  spinal  canal  is  forcibly  torn  open,  fatal  inflammation  will 
spread  to  the  meninges  and  to  the  medulla  itself. 

Effects  of  Slight  Blows. — The  consideration  of  the  effects  that  may  be 
produced  on  the  spinal  cord  by  slight  bloivs,  Avhether  applied  to  the  back  or  to 
a  distant  part  of  the  body,  has  long  attracted  the  attention  of  observant  prac- 
titioners. Abercrombie,  writing  in  1829,  says,  that  chronic  inflammation  of 
the  cord  and  its  membranes  "  may  supervene  upon  very  slight  injuries  of  the 
spine."    He  says,  also,  "  Every  injuiy  of  the  spine  should  be  considered  as 
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deserviug  of  minute  attention.  Tiie  more  immediate  cause  of  anxiety  in  sucl> 
cases  18  inflammatory  action,  which  may  be  of  an  acute  or  chronic  kind  •  and 
\ve  have  seen  that  it  may  advance  in  a  very  insidious  manner  even  after  in- 
juries that  were  of  so  slight  a  kind  that  they  attracted  at  the  time  httle  or  no 
attention.  '  Nothing  can  be  clearer  and  more  positive  than  this  statement 
ihese  remarks  of  Abercrombie  are  confirmed  by  Ollivier,  by  Bell,  and  by  other 
writers  on  such  injuries. 

Concussion  phom  Indirect  Violence.— There  is  a  class  of  cases  of  an 
extremely  insidious  and  protracted  character,  in  which  the  patient  has  re- 
ceived no  blow  or  injury  upon  the  head  or  spine,  but  the  whole  system  has 
had  a  severe  shake  or  shock,  in  consequence  of  which  disease  is  developed  in 
Uie  spinal  cord,  perhaps  eventually  extending  to  the  membranes  of  the  brain 
Ihese  cases  are  more  frequent  in  railway  than  in  other  injuiies ;  but  they 
occasionally  occur  in  consequence  of  ordinary  accidents. 

One  of  the  most  remarkable  circumstances  connected  with  injuries  of  the 
spinal  cord  is  the  disproportion  between  the  accident  and  the  mischief  pro- 
duced thereby.  Not  only  do  most  serious,  progressive,  and  persistent  symptoms 
of  concussion  of  the  spinal  cord  often  develop  themselves  after  apparently  sli<^ht 
mjunes,  but  frequently  when  there  is  no  sign  whatever  of  external'  lesion. 
The  shake  or  jar  inflicted  on  the  spine  when  a  person  jumping  from  the  height 
of  a  few  feet  comes  to  the  ground  suddenly  and  heavily  on  his  heels  or  in  a 
sitting  posture,  is  a  not  uncommon  cause  of  spinal  weakness  and  debihty.  It 
IS  the  same  in  railway  accidents  ;  the  shock  to  which  the  patient  is  subjected 
being  often  followed  by  a  train  of  slowly  progressive  symptoms,  indicative 
of  concussion  and  subsequent  irritation  and  inflammation  of  the  cord  and  its 
membranes. 

It  is  worthy  of  remark  that  the  symptoms  of  spinal  concussion  seldom 
occur  when  a  serious  injury  has  been  inflicted  on  one  of  the  limbs,  miless  the 
spine  itself  have  at  the  same  time  been  directly  and  severely  struck.  A  person 
who  by  any  ordinary  accident  has  one  of  his  limbs  fractured  or  dislocated 
necessarily  sustains  a  very  severe  shock  ;  but  it  is  extremely  rare  to  find  that 
the  spinal  cord  or  the  brain  has  been  injuriously  influenced.  It  would  appear 
as  if  the  violence  of  the  shock  expends  itself  in  the  production  of  the  fracture 
or  the  dislocation,  and  that  a  jar  of  the  more  delicate  nervous  structures  is 
thus  avoided.  A  familiar  illustration  of  this  is  aff'orded  in  the  injury  sus- 
tained by  a  watch  by  falling  on  the  ground.  A  watchmaker  once  told  me 
that,  ii'  the  glass  be  broken,  the  works  are  rarely  damaged  ;  if  the  glass 
escape  unbroken,  the  jar  of  the  fall  will  usually  be  found  to  have  stopped  the 
movement. 

How  these  jars,  shakes,  shocks,  or  concussions  of  the  spinal  cord  directly 
influence  its  action,  I  cannot  say  with  certainty.  When  a  magnet  is  struck  "a 
heavy  blow  with  a  hammer,  the  magnetic  force  is  jarred,  shaken,  or  concussed 
out  of  the  iron.  So,  if  the  spine  be  severely  jarred,  shaken,  or  concussed  by  a 
blow  or  shock  of  any  kind  communicated  to  the  body,  we  find  that  the  nervous 
force  is  to  a  certain  extent  shaken  out  of  the  man,  and  that  he  has  in  some  way 
lost  nervous  power.  What  immediate  change,  if  any,  has  taken  place  in  the 
nervous  structure  to  occasion  that  efffect,  we  no  more  know  than  what  change 
happens  to  a  magnet  when  struck. 

There  is  a  peculiar  train  of  symptoms  of  the  following  character  sometimes 
met  with  in  concussion  of  the  spine,  from  whatever  cause  it  may  occur.  The 
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patient  struck  ou  the  lower  dorsal  region  feels  as  if  an  electric  shock  had 
passed  through  him  ;  he  becomes  feeble,  and  scarcely  able  to  stand  or  walk. 
He  takes  to  his  bed,  and  for  several  days  passes  scarcely  any  urine,  micturating 
only  once  in  twenty-four  or  thirty-six  hours.  There  is  no  distension  of  the 
bladder  from  retention  ;  but  little  or  no  urine  is  secreted.  On  passing  the 
catheter  the  bladder  will  be  found  to  contain  not  more  than  fi'om  six  to  eight 
ounces.  The  cutaneous  sensibility  of  the  lower  extremities  is  gradually 
diminished  until  it  becomes  entirely  lost.  There  is  no  reflex  movement  on 
tickling  the  soles  of  the  feet,  and  no  electric  sensibility,  usually  as  high  as  the 
knees  ;  sometimes  the  anaesthesia  extends  much  higher.  The  patellar  reflex, 
electric  irritability  and  muscular  tonicity  continue  for  a  time  unimpaired, 
perhaps  exaggerated,  then  decline,  paresis  of  the  lower  limbs  setting  in.  The 
temperature  of  the  extremities  and  mouth  falls  much  below  normal.  The 
patient  becomes  anaemic,  wastes,  and  is  emotional,  a  hysterical  condition 
developing.  This  state  may  continue  for  many  months,  a  year,  or  even  two, 
with  many  iutercurring  neurotic  phenomena.  But  however  hopeless  the  case 
may  appear,  recovery  may  be  anticipated  with  confidence,  though  some  years 
may  elapse  before  this  is  complete. 

Secondary  Effects. — Whatever  may  be  the  nature  of  the  primary  change 
that  is  produced  in  the  spinal  cord  by  a  concussion,  the  secondary  effects  are 
clearly  inflammatory,  and  are  identical  with  those  phenomena  that  have  been 
described  by  Ollivier,  Abercrombie,  and  others,  as  dependent  on  chronic 
meningitis  of  the  cord,  and  subacute  myelitis. 

One  of  the  most  remarkable  phenomena  attendant  upon  this  class  of  cases 
is,  that  at  the  time  of  the  occurrence  of  the  injury  the  sufferer  is  usually 
quite  unconscious  that  any  serious  accident  has  happened  to  him.  The 
period  of  the  supervention  of  the  more  serious,  persistent,  and  positive 
symptoms  of  spinal  lesion  will  vary  greatly.  Most  commonly,  after  the  first 
and  immediate  effects  of  the  accident  have  passed  ofi",  there  is  a  period  of  com- 
parative ease,  and  of  remission  of  the  symptoms,  during  which  the  patient 
imagines  that  he  will  speedily  regain  his  health  and  strength.  This  period 
may  last  for  many  weeks,  possibly  for  two  or  three  months.  Although  there 
is  often  this  long  interval  between  the  time  of  the  occurrence  of  the  accident 
and  the  supervention  of  the  more  distressing  symptoms,  it  will  be  found,  on 
close  inquiry,  that  there  has  never  l)een  an  interval  of  complete  restoration  to 
health.  His  friends  remark  that  he  feels  that  "  he  is  not  the  man  he  was." 
He  has  lost  bodily  energy,  mental  capacity,  and  business  aptitude.  He  looks 
ill  and  worn  ;  often  becomes  irritable  and  is  easily  fatigued.  He  still  beheves 
that  he  has  sustained  no  serious  or  permanent  hurt,  and  so  long  as  he  is  at 
rest,  he  will  feel  tolerably  welH  but  any  attempt  at  ordinary  exertion  of  body 
or  mind  brings  back  all  those  feelings  or  indications  of  nervous  prostration 
and  irritation  characteristic  of  these  injuries  ;  and  to  them  will  gradually  be 
superadded  more  serious  symptoms  which  evidently  proceed  from  a  chronic 
disease  of  the  cord  and  its  membranes.  After  a  lapse  of  several  months — from 
three  to  six — the  patient  will  find  that  he  is  slowly  but  steadily  becoming 
worse,  and  he  then,  perhaps  for  the  first  time,  becomes  aware  of  the  serious 
i  and  deep-seated  injury  that  his  nervous  system  has  sustained. 

The  countenance  is  usually  pallid,  sometimes  even  livid,  and  has  a  peculiarly 
'  careworn,  expressionless  look— the  patient  generally  looking  much  older  than 
he  really  is,  or  than  he  did  before  the  accident.    I  have,  however,  seen  instances 


798 


INJURIES   OF  THE  SPINE. 


of  flushing  of  the  face,  apparently  due  to  lesion  of  the  sympathetic  and  dis- 
turbance of  its  vaso-motor  action. 

In.  all  cases  of  concussion  of  the  spinal  cord,  followed  by  secondary  con- 
sequences, it  will  be  found  that  the  Irain  participates,  after  a  time,  in  the 
general  disturbance  of  the  nervous  system.  The  thoughts  are  confused. 
The  patient  cannot  concentrate  his  ideas  so  as  to  carry  out  a  connected 
line  of  reasoning  ;  he  attempts  to  read,  but  is  obliged  to  lay  aside  the  book  or 
paper  after  a  few  minutes'  attempt  at  perusal.  All  business  aptitude  is  lost ; 
partly  from  impairment  of  memory,  partly  from  confusion  of  thought  and 
inability  to  concentrate  ideas  for  a  sufficient  length  of  time.  The  temper 
often  becomes  changed  for  the  worse,  the  patient  being  fretful,  irritable,  and 
in  some  way— difficult  perhaps  to  define,  but  easily  appreciated  by  those  around 
him — altered  in  character. 

The  sleep  is  disturbed,  restless,  and  broken.  The  patient  wakes  up  in 
sudden  alarm  ;  dreams  much  ;  the  dreams  are  distressing  and  horrible. 

The  head  is  usually  of  its  natural  temperature,  but  sometimes  hot.  The 
patient  complains  of  various  uneasy  sensations  in  it ;  of  pain,  tension,  weight, 
or  throbbing  ;  of  giddiness  ;  of  a  confused  or  strained  feelmg  in  it  ;  and  fre- 
quently of  loud  and  incessant  noises,  described  as  roaring,  rushing,  ringing, 
singing,  sawing,  rumbling,  or  thundering.  These  noises  vary  in  intensity  at 
different  periods  of  the  day  ;  but,  if  once  they  occur,  they  are  never  enturely 
absent,  and  are  a  source  of  great  distress. 

The  organs  of  special  sense  usually  become  more  or  less  seriously  affected, 
being  sometimes  over-sensitive  and  irritable,  whilst  at  others  theii-  functions 
are  impaired  or  perverted.  In  many  cases  we  find  a  combination  of  all  these 
conditions  in  the  same  organ.  Vision  may  be  affected  in  various  ways  and 
in  very  different  degrees.  These  affections  of  the  eye  are  so  characteristic 
and  important  that  they  will  be  described  separately  further  on. 

The  hearing  may  be  variously  affected.  Not  only  does  the  patient  commonly 
complain  of  the  noises  in  the  head  and  ears  that  have  already  been  described, 
but  the  ears,  like  the  eyes,  may  be  over-sensitive  or  too  dull.  One  ear  is 
frequently  over-sensitive,  whilst  the  other  is  less  acute  than  it  was  before  the 
accident.  Loud  and  sudden  noises  are  peculiarly  distressing  to  these  patients. 
Taste  and  smell  are  sometimes,  but  more  rarely,  perverted. 

The  sense  of  touch  is  impaired.  The  patient  cannot  pick  up  a  pin,  cannot 
button  his  dress,  cannot  feel  the  difference  between  different  textures,  as  cloth 
and  velvet.  He  loses  the  sense  of  iveight,  and  cannot  tell,  for  instance,  whether 
H  sovereign  or  a  shilling  is  balanced  on  his  finger,  S2}ccch  is  rarely  affected. 
The  attitude  is  stiff  and  unbending.  The  patient  holds  himself  very  erect, 
usually  walks  straight  forwards,  as  if  afraid  or  unable  to  turn  to  either  side. 
The  movements  of  the  head  or  trunk,  or  both,  do  not  possess  their  natural  free- 
dom. There  may  be  pain  or  difficulty  in  moving  the  head  in  the  antero- 
posterior direction,  or  in  rotating  it ;  or  all  movements  may  be  attended  by  so 
much  pain  and  difficulty  that  the  patient  is  afraid  to  attempt  them,  and  hence 
keeps  the  head  in  an  attitude  of  immobility.  The  movements  of  the  trunk 
are  often  equally  restrained,  especially  in  the  lumbar  region.  Flexion  for- 
wards, backwards,  or  sidew'ays,  is  painful,  difficult,  and  may  be  impossible ; 
flexion  backwards  is  usually  most  complained  of.  If  the  patient  be  desired 
to  stoop  and  pick  anything  off  the  ground,  he  will  not  be  able  to  do  so  in 
the  usual  way,  but  bends  down  on  the  knee  and  so  reaches  the  ground.  Jf 
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he  be  laid  horizontally,  and  told  to  raise  himself  into  the  sitting  posture, 
without  the  use  of  his  hands,  he  will  be  unable  to  do  it. 

The  state  of  the  spine  will  be  found  to  be  the  real  cause  of  these  symptoms. 
On  examining  it  by  pressure,  by  percussion,  or  by  the  application  of  the  hot 
sponge,  it  will  be  found  that  it  is  painful,  and  that  its  sensibility  is  exalted 
at  one,  two,  or  three  points.  These  are  usually  the  upper  cervical,  the  middle 
dorsal,  and  the  lumbar  regions.  The  exact  vertebra  that  are  affected  vary 
necessarily  in  different  cases  ;  but  the  exalted  sensibiUty  always  includes  two, 
and  usually  three,  at  each  of  these  points.  It  is  in  consequence  of  the  pain 
that  is  occasioned  by  any  movement  of  the  trunk  in  the  way  of  flexion  or 
rotation,  that  the  spine  loses  its  natm-al  suppleness,  and  moves  as  a  whole — 
as  if  cut  out  of  one  solid  piece— instead  of  with  its  usual  flexibility. 

The  movements  of  the  head  wpon  the  upper  cervical  vertcircc  are  variously 
affected.  In  some  cases,  the  head  moves  freely  in  all  directions,  without  pain 
or  stiffness.  In  other  cases,  the  greatest  agony  is  induced  if  the  Surgeon  take 
the  head  between  his  hands  and  bend  it  forwards  or  rotate  it ;  the  articulations 
between  the  occipital  bone,  the  atlas,  and  the  axis,  being  evidently  inflamed. 
The  pain  is  usuaUy  confined  to  the  vertebral  column,  and  does  not  extend 
beyond  the  transverse  processes,  but,  in  some  instances,  it  extends  widely 
over  the  back  on  both  sides,  and  seems  to  correspond  with  the  distribution 
of  the  posterior  branches  of  the  dorsal  nerves.  In  these  cases,  from  the 
musculo-cutaneous  distribution  of  these  nerves,  the  pain  is  superficial  and 
cutaneous  as  well  as  deeply  seated. 

The  muscles  of  the  iack  are  usually  unaffected  ;  but  in  some  cases,  where 
the  muscular  branches  of  the  dorsal  nerves  are  affected,  they  may  become 
very  irritable  and  spasmodically  contracted,  so  that  their  outlines  are  very 
distinct. 

The  gait  of  the  patient  is  characteristic.  He  walks  more  or  less  unsteadily, 
generally  uses  a  stick,  or,  if  deprived  of  that,  is  apt  to  lay  his  hand  on  any 
article  of  furniture  that  is  near  to  him,  for  the  purpose  of  steadying  himself. 
He  keeps  his  feet  somewhat  apart,  so  as  to  increase  the  basis  of  support,  and 
consequently  walks  in  a  straddling  manner.  As  one  leg  is  often  weaker  than 
the  other,  he  totters  somewhat,  and  raises  the  foot  but  slightly  off'  the  ground, 
so  that  the  heel  is  apt  to  touch.  He  seldom  drags  the  toe  ;  but,  as  he  walks 
flat-footed  as  it  were  on  one  side,  the  heel  drags.  This  peculiar  straddling, 
tottering,  unsteady  gait,  with  the  spine  rigid,  the  head  erect,  and  looking 
straight  forwards,  gives  the  patient  the  aspect  of  a  man  who  walks  blind- 
folded. The  patient  cannot  generally  stand  equally  well  on  either  foot.  One 
leg  usually  gives  way  immediately  under  him  if  he  attempt  to  stand  on  it.  He 
often  cannot  raise  himself  on  his  toes,  or  stand  on  them,  without  immediately 
tottering  forwards.  His  power  of  walking  is  always  very  limited,  seldom 
exceeding  half  a  mile  or  a  mile  at  the  utmost.  He  cannot  ride,  even  if  much 
in  the  habit  of  doing  so  before  the  accident.  There  is  usually  considerable 
difficulty  in  going  up  and  down  stairs — more  difficulty  in  going  down  than  up. 
The  patient  is  obliged  to  support  himself  by  holding  on  to  the  balusters,  and 
often  brings  both  fuet  together  on  the  same  step. 

A  semxition  as  of  a  cord  tied  round  the  icaid,  with  occasional  spasm  of  the 
diaphragm,  giving  rise  to  a  catch  in  the  breathing,  or  hiccup,  is  sometimes  met 
with,  and  is  very  distressing  when  it  does  occur. 

The  nervous  power  of  the  limhs  will  be  found  to  be  variously  modified,  and 
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will  generally  be  so  to  veiy  different  degrees  in  the  different  limbs.  Some- 
times one  hmb  only  is  affected  ;  in  other  cases  the  arm  and  leg  on  one  side  or 
both  legs  only,  or  the  arm  and  both  legs,  or  all  four  limbs,  are  the  seat'  of 
uneasy  sensations.  There  is  the  greatest  possible  variety  in  these  respects 
dependent  of  course  entirely  upon  the  degree  and  extent  of  the  lesion  that  has 
been  inflicted  upon  or  induced  in  the  spinal  cord.  Sensation  or  motion  may 
be  affected  ;  or  both  may  suffer,  either  alike  or  in  unequal  degrees.  Sensation 
and  motion  may  both  be  seriously  impaired  in  one  limb,  or  sensation  in  one 
and  motion  in  another.  The  paralysis  is  seldom  complete.  It  may  become 
so  in  the  more  advanced  stages,  after  several  years  ;  but  for  the  first  year  or 
two  it  is  almost  always  partial.  It  is  sometimes  incompletely  recovered  from, 
especially  so  far  as  sensation  is  concerned. 

The  loss  of  motor  potver  is  especially  marked  in  the  legs,  and  more  often  in 
the  extensor  than  in  the  flexor  muscles.  The  extensor  of  the  great  toe  is 
especially  apt  to  suffer.  The  hand  and  arm  are  less  frequently  the  seat  of  loss 
of  motor  power  than  the  leg  and  foot  ;  but  the  muscles  of  the  ball  of  the 
thumb,  or  the  flexors  of  the  fingers,  may  be  affected.  The  loss  of  motor 
power  in  the  foot  and  leg  is  best  tested  by  the  application  of  the  galvanic 
current,  so  as  to  compare  the  irritability  of  the  same  muscles  of  the  opposite 
limbs.  The  electric  test  is  not  under  the  influence  of  the  patient's  will ;  and 
a  very  true  estimate  can  thus  be  made  of  the  loss  of  contractility  in  any  given 
set  of  muscles.  The  loss  of  motor  power  in  the  hand  is  best  tested"^  by  the 
force  of  the  patient's  grasp.  This  may  be  roughly  estimated  by  telling  him  h  ■ 
squeeze  the  Surgeon's  fingers,  first  with  one  hand  and  then  with  the  other,  or 
more  accurately  by  means  of  the  dynamometer,  which  shows  on  an  index  the 
precise  amount  of  pressure  exercised  in  grasping.  It  is  in  consequence  of  the 
diminution  of  motor  power  in  the  legs  that  those  peculiarities  of  gait  which 
have  been  above  described  are  met  with,  and  they  are  most  marked  when  the 
amount  of  loss  is  unequal  in  the  two  hmbs. 

Modification  or  dimimdion  of  sejisation  in  the  limbs  is  one  of  the  most 
marked  phenomena  in  these  cases.  In  many  instances  the  sensibihty  is  a  good 
deal  augmented,  especially  in  the  earlier  stages.  The  patient  complains  of 
shooting  pains  down  the  limbs,  like  stabs,  darts,  or  electric  shoclcs.  The 
surface  of  the  skin  is  sometimes  over-sensitive  in  places  on  the  back  ;  or,  in 
various  parts  of  the  limbs,  hot,  burning  sensations  are  experienced.  After  a 
time  these  sensations  give  place  to  various  others,  which  are  very  differently 
described  by  patients.  Tingling,  a  feeling  of  "pins  and  needles,"  a  heavy 
sensation,  as  if  the  limb  were  asleep,  creeping  sensations  down  the  back  and 
along  the  nerves,  and  formication,  are  all  commonly  complained  of.  Thesf 
sensations  are  often  confined  to  one  nerve  in  a  limb,  as  the  ulnar  or  the 
musculo-spiral.  Numbness,  more  or  less  complete,  may  exist  independently  of, 
or  be  associated  with,  all  these  various  modifications  of  sensation.  It  may  be 
confined  to  a  part  of  a  limb,  may  influence  the  whole  of  it,  or  may  extend  to 
several  limbs.  Its  degree  and  extent  are  best  tested  by  Brown- Scquard's 
JGsthesiometer. 

In  determining  the  condition  of  the  spinal  cord,  special  attention  must  be 
paid  to  the  tendon  reflexes,  and  to  the  elrdric  irritability  of  particular  groups  of 
muscles.  It  would  be  altogether  foreign  to  the  scope  of  this  work  to  descril^e 
the  significance  of  the  various  phenomena  presented  by  these  several  means 
of  diagnosis.    But  it  may  be  stated  generally  that  in  sub-inflammatory  and 
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inflammatory  conditions  the  reflex  manifestations  are  more  active  and  the 
electric  irritability  of  muscles  more  intense  than  natural ;  whilst  when  the 
lesion  of  the  cord  has  advanced  to  disintegration  of  its  substance  they  arc 
proportionately  diminished  or  lost.  But  in  practice  these  two  conditions  of 
inflammation  and  of  disorganization  are  so  frequently  combined  in  varying 
degrees  that  proportionate  modifications  of  reflex  and  electric  phenomena 
occur.  And  it  is  in  determining  the  value  and  true  significance  of  these  that 
the  diagnostic  skill  of  the  physician  is  shown. 

Coldness  of  one  of  the  extremities,  dependent  upon  loss  of  nervous  power  and 
defective  nutrition,  is  often  perceptible  to  the  touch,  and  may  be  determined 
by  the  thermometer  ;  but  in  many  cases  the  sensation  of  coldness  is  far 
greater  to  the  patient  than  it  is  to  the  Surgeon's  hand,  and  not  unfrequently 
no  appreciable  difference  in  the  temperature  of  two  limbs  can  be  determined 
by  the  most  delicate  clinical  thermometer,  although  the  patient  experiences  a 
very  distinct  and  distressing  sense  of  coldness  in  one  limb. 

The  condition  of  the  limbs  as  to  size,  and  the  state  of  their  muscles,  will  vary 
1  greatly.  In  some  cases  of  complete  paraplegia,  when  the  condition  has  lasted 
for  years,  it  has  been  remarked  that  no  diminution  whatever  has  taken  place  in 
the  size  of  the  Hmbs.  It  is  evident,  therefore,  that  loss  of  size  in  a  Umb  that  is 
more  or  less  completely  paralysed; is  not  the  simple  consequence  of  the  disuse 
of  the  muscles  ;  or  it  would  always  occur.  But  it  must  arise  from  some  modi- 
fication of  innervation,  influencing  the  nutrition  of  the  limb,  independently  of 
the  loss  of  its  muscular  activity.  In  most  cases,  however,  where  the  paralytic 
condition  has  been  of  some  duration,  the  limb,  on  accurate  measurement,  will 
be  found  to  be  somewhat  smaller  in  circumference  than  its  fellow  on  the 
opposite  side.  Most  commonly  when  a  limb  dwindles  the  muscles  become 
soft,  and  the  intermuscular  spaces  more  distinct.  Occasionally,  in  advanced 
cases,  some  contraction  and  rigidity  in  particular  muscles  set  in.  Thus  the 
flexors  of  the  little  and  ring  fingers,  the  extensors  of  the  great  toe,  the  deltoid 
or  the  muscles  of  the  calf,  may  all  become  more  or  less  rigid  and  contracted. 

The  hody  itself  generally  loses  weight ;  and  a  loss  of  weight,  when  the 
patient  is  rendered  inactive  by  a  semi-paralysed  state,  and  takes  a  fair  quantity 
of  good  food  which  he  digests  sufficiently  well,  may  usually  be  taken  to  be 
indicative  of  progressive  disease  in  the  nervous  system.  Wlien  the  progress 
of  the  disease  has  been  arrested,  though  the  patient  may  be  permanently 
paralyzed,  a  considerable  increase  of  size  and  weight  often  takes  place.  This 
is  a  phenomenon  of  common  occurrence  in  ordinary  cases  of  paralysis  from 
disease  of  the  brain. 

The  condition  of  the  genito-urinary  organs  is  seldom  much  deranged  in  the 
cases  under  consideration.  Sometimes  there  is  suppression  of  urine  more  or 
less  complete  for  two  or  three  days  ;  retention  very  rarely  occurs.  Sometimes 
irritabiUty  of  the  bladder  is  a  prominent  symptom.  The  urine  generally 
retains  its  acidity,  sometimes  markedly,  at  others  but  very  slightly.  As  there 
is  no  retention,  it  does  not  become  alkaline,  ammoniacal,  or  otherwise 
offensive.  The  sexual  desire  and  power  are  usually  greatly  impaired,  and 
often  entirely  lost ;  not  invariably  so,  however.  I  have  never  heard  priapism 
complained  of. 

The  contractility  of  the  sphincter  ani  has  not,  in  any  case  which  I  have 
•observed,  been  so  far  impaired  as  to  lead  to  involuntary  escape  of  flatus  or  of 
faeces. 
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The  Jieart  will  often  continue  to  beat  in  a  violent  or  tumultous  manner  for 
many  months  after  the  receipt  of  a  spinal  concussion  or  severe  nervous  shock, 
the  pulse  however  being  feeble.  This  disproportion  between  the  force  of  the 
heart's  action  and  that  of  the  pulse  is  very  marked  in  many  of  these  cases,  and 
is  an  additional  proof  if  any  were  needed  of  the  important  part  played  by  the 
sympathetic  in  these  cases. 

The  Progressive  Development  of  the  various  symptoms  that  have 
just  been  detailed  extends  usually  over  a  lengthened  period.  In  the  early 
stages,  the  chief  complaint  is  a  sensation  of  lassitude,  weariness,  and  inabihty 
for  mental  and  physical  exertion.  Then  come  the  pains,  tinglings,  and  numb- 
ness of  the  limbs  ;  next  the  fixed  pain  and  rigidity  of  the  spine  ;  then  the 
mental  confusion  and  signs  of  cerebral  disturbance,  and  the  affection  of  the 
organs  of  sense  ;  the  loss  of  motor  power,  and  the  peculiarity  of  gait.  It  is 
by  this  chain  of  symptoms,  which,  though  fluctuating  in  intensity,  is  yet  con- 
tinuous and  unbroken,  that  the  injury  sustained,  and  the  iUness  subsequently 
developed,  can  be  linked  together  in  the  relation  of  cause  and  efffect. 

Impairment  of  Vision  from  Spinal  Injury.* — One  of  the  most  frequent 
and  most  troublesome  effects  of  spinal  injury  is  a  certain  degree  of  impairment 
of  vision,  which  assumes  different  characters,  and  comes  on  at  very  varying 
periods  after  the  injmy.  Often  a  considerable  interval  intervenes  between  the 
occurrence  of  the  injury  and  the  development  of  the  eye-symptoms ;  and,  if  the 
patient  be  confined  to  bed,  and  be  not  called  upon  to  use  his  eyes,  it  may  be 
long  before  he  discovers  that  their  sight  is  enfeebled.  This  is  more  especially 
apt  to  be  the  case,  as  the  attention  of  the  Surgeon  may  not  be  directed  to  the 
state  of  the  eyes  in  the  first  instance.  The  first  and  most  frequent  symptom 
that  is  complained  of  is  a  dimness  or  weakness  of  the  sight,  so  that  the  patient 
cannot  define  the  outlines  of  small  objects,  and  cannot  see  in  an  imperfect  light. 
If  he  attempt  to  read,  he  can  define  the  letters  often  of  the  smallest  print 
for  a  few  seconds  or  minutes,  but  they  soon  run  into  one  another,  become 
obscured  and  blurred,  and  ill-defined.  Glasses  do  not  materially,  if  at  all,  im- 
prove this  condition.  There  is  often  in  the  early  stages  some  slight  irregu- 
larity in  the  axis  of  the  eyes,  scarcely  amounting,  however,  to  a  squint.  This 
blurring,  or  indistinctness  of  vision,  is  often  more  marked  with  respect  to  near 
than  to  distant  objects.  After  a  time  the  patient  usually  suffers  from  irrita- 
bility of  the  eyes,  and  cannot  bear  a  strong  light,  even  that  of  an  ordinary 
window,  in  the  daytime,  or  unshaded  gas  or  lamplight.  In  consequence  of 
this  irritability  of  the  eyes,  the  brows  become  involuntarily  contracted,  and 
the  patient  acquires  a  peculiar  frown  so  as  to  exclude  light  as  much  as 
possible.  This  intolerance  of  light  may  amount  to  perfect  photophobia, 
and  is  then  associated  with  congestion  of  the  conjunctiva  accompanied 
by  lachiymation.  One  or  both  eyes  may  be  thus  aff'ected.  The  condition 
is  usually  accompanied  by  muse®  volitantes  and  spectra,  rings,  stars,  spots^ 
flashes,  and  sparks,  or  an  appearance  of  white-coloured  flame.  The  appear- 
ance of  a  fixed  luminous  spectrum,  a  line,  circle,  or  coloured  bar  across  the 
field  of  vision,  is  sometimes  complained  of.  There  is  an  undue  retention 
of  the  image  in  many  cases  ;  and  where  the  patient  has  looked  at  any  fixed 
object,  such  as  the  sun  or  the  fire,  complementary  spectral  colours,  often  of 

'  For  a  fuller  coiiskleration  of  tlic  subject  of  Imjiairmcni  of  ViMou  as  a  Ctin^iivoice  of  Injuries  of  the 
Nervous  System,  I  would  refer  the  reader  to  Lecture  10,  "  Couctission  of  the  Spine,"  by  the  Author. 
Longmnus,  188l'. 
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the  most  beautifal  chai-cacfcer,  of  varying  degrees  of  intensity,  will  develop 
themselves  in  succession.  The  patient  is  in  some  cases  conscious  of  the  circu- 
lation in  his  own  eye,  which  becomes  distinctly  visible  to  him,  even  in  its 
pulsatory  character. 

From  this  description  of  the  symptoms  of  the  impairment  of  vision  that 
follows  spinal  injury,  it  would  appear  that  it  is  of  five  distinct  kinds,  which 

I  may,  however,  be  associated:  1.  Asthenopia,  or  simple  weakness  of  sight; 

;  2.  Amblyopia,  a  paresis  of  the  optic  nerve  or  retina ;  3.  Loss  or  failure  of  the 

I  power  of  accommodation  ;  4.  Irritabihty  of  the  eye  and  photopsia  from 
hyperemia  or  inflammation  of  the  optic  nerve  and  retina,  which  may  lead  to, 

.  5.  Atrophy  of  the  optic  nerve. 

The  objective  phenomena  presented  by  the  eye,  and  the  ophthalmoscopic 


Fig.  328.— Use  of  the  Ophthalmoscope. 


appearances  seen  in  the  interior  of  the  globe  in  these  cases,  have  been  carefully 
studied  by  Wharton  Jones  and  Allbutt.  Jones,  in  his  able  work  "  On  Failure 
uf  Sight  after  Railway  and  other  Injuries,"  states  that  the  eyelids  are  usually 
half  closed  ;  the  eyes  sunken  and  watery  ;  the  veins  of  the  eyeball  congested. 
The  movements  of  the  pupils  are  sometimes  normal ;  sometimes  more  sluggish, 
sometimes  more  active  than  usual.  This  will  necessarily  depend  upon  whether 
t  he  eye  be  affected  by  simple  asthenopia,  or  whether  there  be  some  hypereemic 
or  inflammatory  state  developed  in  its  interior. 

The  ophthalmoscopic  appearances  vary  greatly.  In  some  cases,  as  Wharton 
Jones  observes,  the  morbid  state  on  which  the  failure  of  sight  and  other  sub- 
jective symptoms  depend,  may  be  at  first  confined  to  some  central  portion  of 
the  optic  nervous  apparatus,  and  no  ophthalmoscopic  evidence  of  implication 
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of  the  retina  or  optic  disc  may  jireseiit  itself  till  a  more  advanced  sta^'e  of  the 
case  Sooner  or  later,  however,  whether  as  the  result  of  primary  chanj^es  in 
the  fundus,  or  fi-om  the  ellect  of  a  slowly  progressive  inflammatory  affection 
propagated  from  the  intracranial  portion  of  the  nervous  apparatus  towards 
Its  periphery,  and  thus  inducing  morbid  changes  in  the  optic  nerve  and  its 
disc,  we  find  that  the  ophthalmoscope  reveals  changes  in  the  fundus  of  the 
eye.  "  The  disc,"  says  Wharton  Jones,  "  is  seen  to  be  whitish  and  somewhat 
congested  ;  the  retinal  veins  are  large,  though  the  fundus  usually  presents 
an  aniBmic  aspect,  with  perhaps  some  pigmentous  degeneration  of  the  retina 
round  the  disc." 

One  or  other  of  these  conditions  occurs  in  the  majority  of  cases  of  spinal 
injury.  AUbutt  says,  "  It  is  tolerably  certain  that  disturbance  of  the.  optic 
disc  and  its  neighbourhood  is  seen  to  follow  disturbance  of  the  spine  with 
sufficient  frequency  and  uniformity  to  establish  the  probability  of  a  'cau«al 
relation  between  the  two  events."  He  goes  on  to  say  that  m  13  cases  of 
chrome  spinal  disease  following  accident,  he  found  8  cases  of  sympathetic 
disorder  of  the  eye.  My  experience  fully  accords  with  that  of  AUbutt.  I 
find  that  of  60  cases  of  obscure  spinal  injuiy,  without  fracture  or  dislocation, 
that  I  have  consecutively  examined,  there  was  impairment  of  vision  in  42. 

AUbutt  makes  the  interesting  remark,  which  will  be  supported  by'  the 
experience  of  all  Surgeons,  that,  in  the  severer  forms  of  spinal  injury,  those 
that  prove  fatal  in  a  few  weeks,  evidences  of  eye-disease  are  not  met  with.  Of 
17  such  cases  he  found  no  evidence  of  eye-disease  in  any  one  instance.  This 
observation  affords  a  most  complete  answer  to  an  objection  that  has  often  been 
urged,  that  as  sympathetic  affection  of  the  eye  is  rarely  met  with  in  severe 
injuries  of  the  spine,  such  as  fractures  and  displacement  of  the  vertebrae  with 
traumatic  lesion  of  the  cord,  its  occurrence  in  the  less  immediately  severe  and 
more  obscure  forms  of  injury  can  scarcely  be  looked  upon  as  the  direct  result 
of  the  spinal  mischief.    It  would  appear,  however,  from  the  observations  of 
AUbutt,  which  I  can  entirely  confirm,  that  it  is  in  these  very  cases  that  it  is 
met  with.   That  a  certain  portion  of  the  spinal  cord  exercises  a  direct  influence 
on  the  eyes,  has  been  established  by  experiment.    Budge  and  WaUer,  iu 
1851,  demonstrated  that  the  filaments  of  the  sympathetic  that  supply  'the 
eye  take  their  origin  from  that  part  of  the  spinal  cord  which  is  contiguous 
to  the  origin  of  the  first  pair  of  dorsal  nerves  ;  and  that  the  portion  of  the 
spinal  axis  which  extends  from  the  fifth  cervical  to  the  sixth  dorsal  vertebra, 
and,  according  to  Brown-Sdquard,  as  far  as  the  twelfth  dorsal,  possesses  a 
distinct  influence  on  the  organs  of  vision.    Hence  by  these  physiologists  ifc 
has  been  termed  the  "  cilio-spinal,"  and  by  Claude  Bernard 'the  ''  oculo- 
spmal"  axis.    It  has  been  determined  as  the  result  of  numerous  exijeri- 
ments,  that  partial  division  of  this  cilio-spinal  axis  exercises  various  disturb- 
ing influences  on  the  size  of  the  pupils,  on  the  fulness  of  the  vessels  of  the 
conjunctiva,  and  probably  of  the  deeper  ocular  tissues,  and  on  the  state  of  the 
blood-vessels  of  the  ear,  exactly  similar  to  those  that  arc  occasioned  by 
section  of  the  cervical  sympathetic.    The  conclusion  that  must  necessai-ily  be 
deduced  from  these  observations  is,  that  this  portion  of  the  spinal  cord— the 
oculospinal  a.w— includes  Avithin  itself  both  vaso-motor  and  oculo-pnpillary 
filaments  which  are  connected  with  the  cervical  portion  of  the  symiiathetic. 
Claude  Bernard  has  clearly  proved  that  the  vaso-motor  and  the  oculo- 
'pupiUary  nerves  possess  different  reflex  actions.    By  dividing  the  first  WO 
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dorso-spinal  roots,  he  finds  that  the  oculo-pupillar  phenomena  are  produced 
without  occasioning  the  vaso-motor  effects  of  vascular  injection  and  increase 
of  temperature  ;  whereas,  by  dividing  the  ascending  sympathetic  filament 
between  the  second  and  third  ribs,  the  vaso-motor  phenomena  are  developed 
in  the  head  without  any  effect  being  produced  on  the  eye  through  the 
medium  of  the  oculo-pupillary  filaments.  He  sums  up  his  observations  as 
follows :  "  The  vaso-motor  and  the  oculo-pupillary  nerves  do  not  act  in  the 
same  way.  Thus  a  slight  irritation  of  the  auricular  nerve  occasions  only  vas- 
cular dilatation  on  the  corresponding  side ;  whilst  the  same  irritation  produces 
reflex  movements  in  both  eyes  at  the  same  time.  The  reflex  vascular  actions 
do  not  appear  to  be  capable  of  being  produced  on  the  opposite  side  to  that 
which  is  irritated  (d'uue  maniere  croisee)  ;  and,  besides  this,  they  are  limited 
and  do  not  extend  beyond  a  certain  determined  line  of  circumscription.  All 
this  is  in  striking  contrast  with  the  oculo-pupillar  actions,  which  are  on  the 
contrary  general  and  crossed." 

Chnical  observations  support  the  result  of  physiological  experiment  as  to 
the  connection  that  exists  between  the  oculo-spinal  axis  of  the  cord  and  the 
integrity  of  vision.  The  records  of  surgery  contain  numerous  illustrations  of 
the  injurious  influence  on  the  sight  of  blows  inflicted  on  the  lower  cervical 
and  upper  dorsal  spine.  Allbutt  remarks,  that  those  injuries  and  concussions 
of  the  spine  that  occur  high  up  are  more  injurious  to  vision  than  such  as  are 
inflicted  on  the  lower  portion  of  the  vertebral  column. 

To  what  is  this  impairment  of  vision  due  ?  Allbutt,  who  has  studied  the 
subject  with  much  care,  gives  his  opinion,  in  which  I  fully  coincide,  so  clearly, 
that  I  cannot  do  better  than  quote  his  words.  "  In  default  of  a  series 
of  autopsies,  we  seem  to  be  led  towards  the  conjecture  that  hyperemia  of  the 
back  of  the  eye,  following  injury  to  the  spine,  is  probably  dependent  upon  a 
greater  or  less  extension  of  the  meningeal  irritation  up  to  the  base  of  the  brain. 
Now,  have  we  any  reason  to  suppose  that  spinal  meningitis  does  creep  up 
into  the  encephalon  ?  We  have  :  for,  setting  aside  the  curious  head-symptoms 
such  patients  often  present,  here  the  actual  demonstration  of  autopsy  comes 
to  aid  us.  It  is  tolerably  w^ell  known  to  careful  pathologists  that  encephalic 
meningitis  is  a  very  common  accompaniment  of  spinal  meningitis.  It  is 
scarcely  needful  to  point  out  that,  if  this  explanation  of  an  ascending  menin- 
gitis be  the  coiTcct  one,  it  accords  with  my  observation,  stated  above,  that, 
in  general,  the  higher  the  injury  to  the  spine,  the  sooner  the  affection  of 
the  eye." 

Pathologicat.  Conditions.— Two  distinct  forms  of  chronic  and  subacute 
inflammation  may  affect  the  contents  of  the  spinal  canal,  as  the  results  of  injury 
or  of  disease  ;  viz..  Inflammation  of  the  Membranes,  and  Inflammation  of  the 
•  Cord  itself. 

In  Spinal  Meningitis,  the  usual  signs  of  inflammation  in  the  form  of 
increased  vascularity  of  the  membranes  are  met  with.  The  meningo-rachidian 
veins  are  turgid  with  blood,  and  the  vessels  of  thcpia  mater  are  much  injected, 
I  sometimes  in  patches,  at  other  times  uniformly.  Serous  fluid,  reddened  and 
'  clear,  or  opaque  from  the  admixture  of  lymph,  may  be  found  largely  effused  in 
the  cavity  of  the  arachnoid.  In  distinguishing  the  various  pathological  appear- 
ances presented  by  fatal  cases  of  chronic  spinal  meningitis,  Ollivier  makes  the 
very  important  remark  that  spinal  meningitis  rarely  exists  without  there  being 
at  the  same  time  more  or  less  extensive  inflammation  of  the  cerebral  men- 
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inges  ;  and  hence,  he  says,  arises  the  difficulty  of  determining  with  precisiou 
the  symptoms  that  are  peculiar  to  inflammation  of  the  membranes  of  the 
spinal  cord. 

When  Myelitis  occurs,  the  inflammation  attacking  the  substance  of  the 
cord  itself,  the  most  usual  pathological  condition  met  with  is  softening,  with 
more  or  less  disorganisation.  This  softening  of  the  cord,  as  a  consequence  oi' 
inflammation,  may  occupy  very  varying  extents.  Sometimes  the  whole  thick- 
ness of  the  cord  is  afiected  at  one  point,  sometimes  one  of  the  lateral  halves  in 
a  vertical  direction  ;  at  other  times  the  disease  is  most  marked  in  or  wholly 
confined  to  its  anterior  or  its  posterior  aspect ;  or  the  grey  central  portion  may 
be  more  afl'ected  than  the  circumferential  part.  Again,  these  changes  of 
structure  may  be  limited  to  one  part  only,  to  the  cer^^cal,  the  dorsal,  or  the 
lumbar  region.  It  is  very  rarely  indeed  that  the  whole  length  of  the  cord  is 
affected.  The  most  common  seat  of  inflammatory  softening  is  the  lumbar 
region  ;  next  in  order  of  frequency  is  the  cervical.  In  very  ckronic  cases  of 
myelitis,  the  whole  of  the  nervous  substance  disappears,  and  nothing  but 
connective  tissue  is  left  at  the  part  affected.  Ollivier  observes  that,  when 
myelitis  is  consecutive  to  meningitis  of  the  cord,  the  inflaromatory  softening 
may  be  confined  to  the  white  substance.  * 
Though  softening  is  the  ordinary  change  that  takes  place  in  a  cord  that  has 
been  the  seat  of  chronic  inflammation,  sometimes  the  nervous  substance  becomes 
increased  in  bulk,  more  solid  than  natural,  and  of  a  dull  white  colour,  like 
boiled  white  of  egg.  This  induration  may  co-exist  with  spinal  meningitis,'  with 
congestion,  and  increased  vascularization  of  the  membranes. 

It  is  important  to  observe  that,  although  spinal  meningitis  and  myelitis  are 
occasionally  met  with  distinct  and  separate,  yet  they  most  fi-equently  co-exist. 
"When  existing  together,  and  even  arising  from  the  same  cause,  they  may  be 
associated  in  very  varying  degrees.  In  some  cases  the  symptoms  of  meningitis, 
in  others  those  of  myelitis,  are  most  marked :  and,  after  death,  correspond!  n- 
characteristic  appearances  are  found. 

Diagnosis.— There  are  four  morbid  states,  with  one  or  other  of  which  the 
symptoms  of  spinal  concussion,  which  have  just  been  described,  have  sometimes 
been  confounded,  and  from  which  it  is  necessary  to  diagnose  it.  These  are, 
1.  The  Secondary  Consequences  of  Cerebral  Concussion  ;  2.  Eheumatism  : 
3.  Hysteria  ;  and  4.  Syphiloma  of  the  Cord. 

1,  From  the  secondary  effects  of  cerebral  concussion  it  is  not  difficult 
to  diagnose  the  consequences  of  concussion  of  the  spinal  cord,  in  those  cases 
in  which  the  mischief  is  limited  to  the  vertebral  column.  The  tenderness  and 
rigidity  of  the  spine,  the  pain  on  pressing  upon  or  on  moving  it  in  any  direc- 
tion, and  the  absence  of  any  distinct  lesion  about  the  head,  will  sufficiently 
mark  the  precise  situation  of  the  injury. 

The  two  conditions  of  cerebral  and  spinal  concussion  often  co-exist  primarily. 
The  shock  that  jars  injuriously  one  jwrtion  of  the  nervous  system,  very  com- 
monly produces  a  con-esponding  effect  on  the  whole  of  it,  on  the  brain  as  well 
as  on  the  cord ;  and  the  secondary  inflammations  of  the  spine,  Avhich  follow 
the  concussion,  even  when  that  is  primarily  limited  to  the  vertebral  column 
and  its  contents,  have  a  tendency  to  extend  along  the  continuous  fibrous  and 
serous  membranes  to  the  interior  of  the  cranium,  and  thus  to  give  rise  to 
symptoms  of  cerebral  irritation. 

2.  Prom  rheumatism  the  diagnosis  may  not  always  be  easy,  especially  in 
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the  earlier  stages  of  the  disease,  when  the  concussion  of  the  spine  and  the 
consecutive  meningitis  have  developed  pain  along  the  course  of  the  nerves,  and 
increased  cutaneous  sensibihty  at  certain  points.  By  attention  to  the  history 
of  the  case,  however,  the  gradually  progressive  character  of  the  symptoms  of 
spinal  concussion,  the  absence  of  all  fixed  pain  except  at  one  or  more  points  m 
the  back,  the  cerebral  complications,  the  gradual  occurrence  of  loss  of  sensibility, 
tinghugs  and  formications,  the  slow  supervention  of  impairment  or  loss  of 
power  in  certain  sets  of  muscles  (symptoms  that  do  not  occur  in  rheumatism), 
the  diagnosis  will  be  rendered  comparatively  easy  ;  the  more  so,  when  we 
observe  that  in  spinal  concussion  there  is  never  any  concomitant  articular 
inflammation,  and  that,  although  the  urine  may  continue  acid,  it  does  not 
usually  show  a  superabundance  of  lithates. 

3.  Hysteria  is  the  disease  for  which  I  have  most  frequently  seen  concussion 
of  the  spine,  followed  by  meningo-myelitis,  mistaken  ;  and  it  has  always 
appeared  extraordinary  to  me  that  so  great  an  error  of  diagnosis  could  easily  be 
made.    Hysteria,  whether  in  its  emotional  or  its  local  form,  is  a  disease  of 
women  rather  than  of  men,  of  the  young  rather  than  of  the  middle-aged  and 
old,  of  persons  of  an  excitable,  imaginative,  or  emotional  disposition  rather  than 
of  hard-headed,  active,  practical  men  of  business.    It  is  a  disease  that  runs  no 
definite  or  progressive  course,  that  assumes  no  permanence  of  action,  that  is 
ever  varying  in  the  intensity  and  in  the  nature  of  its  symptoms  ;  that  is 
mai-ked  by  violent  outbreaks  of  an  emotional  character,  or  by  severe 
exacerbations  of  its  local  symptoms;  but  that  is  equally  characterized  by 
long-continued  and  complete  intermissions  of  its  various  phenomena.  ^  This 
in  no  way  resembles  what  we  see  in  concussion  of  the  spinal  cord,  or  in  the 
consecutive  meningo-myelitis ;  and  it  seems  to  me  quite  unreasonable  to  call  a 
case  one  of  hysteria  in  which  a  man  active  in  mind,  accustomed  to  self-control, 
devoted  to  business,  suddenly,  and  for  the  first  time  in  his  life,  after  the 
infliction  of  a  severe  shock,  finds  himself  affected  by  a  train  of  symptoms 
indicative  of  serious  and  deep-seated  injury  to  the  nervous  system.   In  reahty, 
there  can  be  but  little  difficulty  in  estabhshing  the  diagnosis  between  chronic 
meningo-myehtis  and  hysteria.    The  persistence  of  the  symptoms,  their  slow 
development,  their  progressive  increase  in  severity,  notwithstanding  occasional 
fluctuations  and  remissions  in  intensity,  the  invariable  presence  of  more  or 
less  paralysis  of  sensation,  or  of  motion,  or  both,  will  easily  enable  the  Surgeon 
to  judge  of  the  true  nature  of  the  case.    That  mental  emotion  is  occasionally 
manifested  by  an  unfortunate  individual  who  has  been  seriously  injm-ed  by  an 
accident  which  tends  to  shake  his  whole  nervous  system,  can  scarcely  be  matter 
of  surprise  ;  but  the  term  "  hysteria,"  elastic  as  it  is,  cannot,  it  appears  to  me, 
be  strained  so  far  as  to  include  this  condition  ;  and  even  if  it  be  considered 
applicable  to  the  patient's  mental  state,  it  can  in  no  way  be  looked  upon  as 
the  cause  of  those  bodily  suflTerings  and  disabilities  which  constitute  the  most 
important  and  serious  part  of  the  disease. 

4.  Syphiloma  of  the  Cord  and  its  Membranes  is  a  condition  that  may 
be  confounded  with  the  effects  of  concussion,  and  when  it  already  exists  its 
symptoms  may  be  greatly  aggravated,  or  the  disease  called  into  activity  by  the 
injury.  In  these  cases  the  antecedent  history,  and  perhaps  the  concomitant 
evidence  of  constitutional  syphilis  in  one  of  its  minor  forms,  will  determine  the 
diagnosis. 

Prognosis. — The  prognosis  of  concussion  of  the  spinal  cord  and  that  of  the 
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consecutive  meningo-myelifcis  is  a  question  of  extreme  interest  fi-om  a  medico- 
legal ponit  of  vieM',  aud  is  often  involved  in  much  difficulty 

The  prognosis  requires  to  be  made  with  regard,  first  to  tlie  life,  and  secondlv 
to  the  health  of  the  patient.  So  far  as  life  is  concerned,  it  is  only  in  cases  of 
severe  and  direct  blows  upon  the  spine,  causing  intraspinal  hsemorrhac^e  to  a 
considerable  extent  or  ruptm-o  of  the  cord  or  its  membranes  that  a  s^edilv 
fatal  termination  may  be  feared. 

In  some  cases  of  concussion  of  the  spine,  followed  by  chronic  Inflammation 
of  the  membranes  and  of  the  cord  itself,  death  may  supervene  after  several 
perhaps  three  or  four,  years  of  increasingly  progressive  breaking-down  of  the' 
general  health,  and  slow  extension  of  the  paralytic  symptoms.    I  have  heard 
of  several  instances  in  which  concussion  of  the  spine  has  thus  proved  fatal 
some  years  after  the  occuiTence  of  the  accident.  I  have  never  known  a  patient 
recover  who  has  been  attacked  by  convulsions,  progressive  paralysis  developincr 
Itself,  and  the  case  ultimately  proving  fatal.    Gore,  of  Bath,  informs  me  that 
he  is  acquainted  with  two  cases  which  proved  fatal  at  long  periods  of  time 
after  the  accident,  in  both  of  which  this  symptom  was  present.  Concussion 
of  the  spine  may  prove  fatal  :  first,  at  an  early  period  from  the  severity  of  the 
du-ect  injury  ;  secondly,  at  a  more  remote  date  fi-om  inflammation  of  the  cord 
and  Its  membranes ;  and,  thirdly,  after  the  lapse  of  several  years,  from  slow  and 
progressive  development  of  structural  changes  in  the  cord  and  its  membranes. 

If  death  do  not  occur,  is  recovery  certain  ?    Is  there  no  mtermediate  state 
between  a  fatal  result,  proximate  or  remote,  and  absolute  and  complete 
recovery  ?    In  considering  the  question  of  recovery  after  concussion  of  the 
spine,  we  have  to  look  at  two  points :  first,  recovery  from  the  primary  and 
du-ect  efiects  of  the  injury  ;  and,  secondly,  recovery  from  the  secondary  and 
remote  consequences.    There  can  be  no  doubt  that  recovery,  entire  andV-om- 
plete,  may  occur  in  a  case  of  concussion  of  the  spine,  when  the  symptoms 
have  not  gone  beyond  the  primary  stage,  when  no  inflammation  of  the  cord 
or  Its  membranes  has  been  developed,  aud  more  particularly  when  the  patient 
IS  young  and  healthy.  This  last  condition  indeed  is  most  important.  A  healthy 
young  man  is  not  only  less  likely  to  suffer  from  a  severe  shock  to  the  system 
from  a  fall  or  railway  injury  than  one  more  advanced  in  life  ;  but,  if  he  do 
sufier,  his  chance  of  ultimate  recovery  will  be  greater,  provided  always  that 
no  secondary  structural  lesions  have  developed.    I  believe  that  such  recovery 
is  more  likely  to  ensue  if  the  primary  and  direct  symptoms  have  been  severe, 
and  have  at  or  almost  immediately  after  the  occun-ence  of  the  accident 
attained  to  their  full  intensity.     In  these  cases,  under  proper  treatment. 
the_  seventy  of  the  symptoms  gradually  subsides,  and,  week  bv  week,  the 
patient  feels  himself  stronger  and  better,  until,  usually  in  from' three  to  six 
months  at  the  utmost,  all  traces  of  the  injury  have  disappeared. 

_  Incomplete  or  partial  recovery  is  not  unfrequent  in  cases  of  severe  and 
direct  injury  to  the  spine.  The  patient  slowly  recovers  up  to  a  certain  point 
and  then  remains  stationary,  with  some  impairment  of  innervation  in  the 
shape  of  partial  paralysis  of  sensation  or  of  motion,  or  both  ;  and  usually  in 
the  lower  limbs.  The  intellectual  faculties  or  the  organs  of  sense  are  more  or 
less  disturbed,  weakened,  or  imtated,  the  constitution  is  shattered,  and  the 
patient  presents  a  prematurely  worn  and  aged  look.  In  such  cases  structural 
lesion  of  some  kind,  in  the  membranes,  if  not  in  the  cord,  has  taken  place, 
whicli  necessarily  must  prevent  complete  recovery. 
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When,  therefore,  we  find  a  patient  Avho,  after  receiving  a  severe  injury 
of  the  spine  by  which  the  cord  has  been  concussed,  presents  the  primary  and 
immediate  symptoms  of  that  condition,  we  may  entertain  a  favourable  opinion 
as  to  his  future  prospects,  provided  tlicre  be  a  progressive  amelioration  of  his 
symptoms,  and  no  evidence  of  the  development  of  any  inflammation,  acute  or 
chronic,  of  the  membranes  of  the  cord.  But  our  opinion  as  to  his  ultimate 
recovery  must  necessarily  be  very  unfavourable  if  the  progress  of  amendment 
cease  after  some  weeks  or  months,  leaving  a  state  of  impaired  innervation ;  the 
more  so  if,  subsequently  to  the  primary  and  immediate  eflPect  of  the  injury, 
symptoms  of  meningo-myelitis  have  declared  themselves.  In  such  circum- 
stances partial  restoration  to  health  may  be  looked  for,  but  complete  recovery 
is  scarcely  possible. 

When  a  person  has  received  a  concussion  of  the  spinal  cord  from  a  ]ar  or 
shake  of  the  body,  without  any  direct  blow  on  the  back,  or  perhaps  on  any 
other  part  of  the  body,  and  the  symptoms  have  progressively  developed  them^ 
selves,  the  prognosis  will  always  be  very  unfavourable  ;  for  this  reason,  that,  as 
the  injury  is  not  suflficieut  of  itself  to  produce  a  direct  and  immediate  lesion 
of  the  cord,  any  symptoms  that  subsequently  appear  must  be  the  result  of 
structural  changes  in  it  consequent  on  its  inflammation  ;  and  these  secondary 
structural  changes,  being  incurable,  must  to  a  greater  or  less  degree,  but  per- 
manently, injuriously  influence  its  action.  For  the  same  reason,  the  occui-rence 
of  a  lengthened  interval,  a  period  of  several  weeks  for  instance,  between  the 
infliction  of  the  injuiy  and  the  development  of  the  spinal  symptoms,  is  pecu- 
liarly unfavourable.  In  forming  an  opinion  as  to  the  patient's  probable  future 
state,  it  is  of  far  less  importance  to  look  to  the  immediate  or  early  severity  of 
the  symptoms  than  to  their  progressive  and  insidious  development. 

The  time  that  the  symptoms  have  lasted  is  necessarily  a  most  important 
matter  for  consideration.  When  they  have  been  of  but  shoi't  duration,  they 
may  possibly  be  dependent  on  conditions  that  are  completely,  and  perhaps 
easily,  removable  by  proper  treatment ;  for  instance,  on  extravasation  of  blood, 
or  on  acute  serous  inflammatory  effusion.  But  when  the  symptoms,  however 
sUght  they  may  be,  have  continued  even  without  progressive  increase,  and 
remain  stationary  for  a  period  of  many  mouths,  they  will  undoubtedly  be  found 
to  depend  on  those  secondary  structural  changes  that  follow  inflammation.  I 
have  never  known  a  patient  to  recover  entirely  the  state  of  health  that  he 
enjoyed  before  the  accident,  in  whom  the  symptoms  dependent  on  chronic 
inflammation  of  the  cord  and  its  membranes,  and  on  their  consecutive  struc- 
tural lesions,  had  existed  for  twelve  months.  And  though,  as  Ollivier  has 
observed,  such  a  patient  may  live  for  fifteen  or  twenty  years  in  a  broken  state 
of  health,  the  probabihty  is  that  he  will  die  within  three  or  four.  There  is 
no  structure  of  the  body  in  which  a  lesion  is  recovered  from  with  so  much 
difl&culty  as  the  spinal  cord  and  brain.  And,  with  the  exception  probably  of 
the  eye,  there  is  no  part  of  the  body  in  which  a  slight  permanent  change  of 
structure  produces  such  serious  disturbance  of  function  as  in  the  spinal  cord. 

Treatment. — The  general  principles  of  treatment  of  concussion  of  the 
spinal  cord  arc  the  same,  from  whatever  clause  tlie  injury  may  have  arisen. 

In  the  Early  Stages  of  a  case  of  Concussion  of  the  Spine,  the  first 
thing  to  be  done  is  undoubtedly  to  give  the  injured  part  complete  and  abso- 
lute rest.  The  importance  of  rest  cannot  be  over-estimated.  Without  it,  no 
other  treatment  is  of  the  slightest  avail  ;  and  it  would  be  as  irrational  to 
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attempt  to  treat  an  injured  brain  or  a  sprained  ankle  without  rest,  as  to  try  to 
benefit  a  patient  suffering  from  a  severe  concussion  or  wench  of  the  spine 
unless  he  be  kept  quiet.  It  is  the  more  important  to  insist  upon  absolute  and 
entire  rest,  for  the  reason,  that  not  unfrequently  patients  feel  for  a  time 
benefited  by  movement  ;  and  hence  changes  of  air  and  scene  are  thought  to  be 
permanently  beneficial.  But  nothing  can  be  more  erroneous  than  this  idea, 
for  the  patient  will  invariably  be  found  to  fall  back  into  a  worse  state  than 
had  previously  existed.  In  more  advanced  stages  of  the  disease,  when  chronic 
meningitis  has  set  in,  the  patient  suffers  so  severely  from  any,  even  the  very 
slightest,  movement  of  the  body,  that  he  instinctively  preserves  that  rest  which 
is  needed. 

In  order  to  secure  rest  efficiently,  the  patient  should  be  made  to  lie  on  a 
prone  couch.  In  the  prone  position,  the  spine  is  the  highest  part  of  the  body  ; 
thus  passive  venous  congestion  and  determination  of  blood,  which  are  favoured 
when  the  patient  lies  on  his  back,  are  entirely  prevented.  Again,  the  absence 
of  pressm-e  upon  the  back  is  a  great  comfort  when  that  part  is  unduly 
sensitive  and  tender,  and  is  a  source  of  additional  safety  to  the  patient,  if  he 
be  paraplegic,  by  lessening  the  liability  to  the  formation  of  bed-sores.  Lastly, 
the  prone  position  presents  this  advantage  over  the  supine,  that  it  allows  the 
ready  application  of  local  treatment  to  the  spine.  In  some  instances  complete 
and  absolute  rest  may  be  secured  to  the  injui-ed  spine  by  the  application  of  a 
gutta-percha  case  to  the  back,  embracing  the  shoulders,  nape  of  the  neck  and 
back  of  the  head  ;  or  by  letting  the  patient  wear  a  stiff  collar,  so  as  to  give 
support  to  the  neck.  In  these  cases  Sayi-e's  plaster-of-Paris  jacket  will  be 
found  of  the  utmost  service.  It  secures  more  perfect  and  continuous  rest 
than  any  other  apparatus. 

But,  if  rest  is  needed  to  the  spine,  it  is  equally  necessary  for  the  brain.  In 
cases  of  concussion  of  the  spine,  the  membranes  of  the  brain  become  liable  to 
the  extension  of  inflammation  to  them.  Irritability  of  the  senses  of  sight  and 
hearing,  which  is  very  marked  in  many  of  these  cases,  with  perhaps  heat  of 
head  or  flushings  of  the  face,  gives  the  best  evidence  of  this  morbid  action. 
For  the  subdual  of  this  state  of  increased  cerebral  excitement  and  irritability, 
it  is  absolutely  necessary  that  the  mind  should  be  kept  as  much  as  possible  at 
rest.  The  patient,  feeling  himself  unequal  to  the  fatigue  of  business,  becomes 
conscious  of  the  necessity  of  relinquishing  it,  though  not  perhaps  without  great 
reluctance,  and  until  after  many  ineffectual  efforts  to  attend  to  it.  There  are 
two  remedies  which  may  be  employed  with  mucli  advantage  in  the  earlier 
stages  of  spinal  concussion,  with  the  view  of  soothing  the  irritation  of  the 
nervous  system.  One  is  chloral-hydrate,  to  procure  sleep  ;  the  other,  bromide 
of  potassium,  to  allay  irritability. 

During  the  early  period  of  concussion  of  the  spine,  much  advantage  will 
usually  be  derived  from  dry  cupping  along  the  back  on  each  side  of  the 
vertebral  column.  In  some  cases,  I  have  seen  good  effects  follow  the  applica- 
tion of  ice-bags  to  the  injured  part  of  the  spine.  At  this  period,  I  believe, 
medicine  is  of  little  service,  beyond  such  as  is  required  for  the  regulation  of 
the  general  health  on  ordinary  medical  principles. 

When  the  Secondary  Effects  of  Concussion  of  the  Spinal  Cord  have 
appeared,  much  may  often  be  done,  not  only  for  the  mitigation  of  suffering, 
but  for  the  cure  of  the  patient,  by  carefully  conducted  local  and  constitutional 
treatment. 
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Eest,  as  in  the  early  stages,  must  be  persevered  in  ;  but,  in  addition  to  this, 
oounter-irritation  may  now  be  advantageously  employed.  The  various  forms 
m  which  this  means  is  familiar  to  the  Surgeon— stimulating  embrocations, 
mustard-poultices,  bhsters,  and  setons  or  issues— may  be  successively  used.  _ 

With  regard  to  internal  treatment,  I  know  no  remedy  in  the  early  period 
of  the  secondary  stage,  when  subacute  meningitis  is  beginning  to  develop 
itself,  that  exercises  so  marked  or  beneficial  an  influence  as  the  perchloride  of 
mercury  in  tincture  of  quinine  or  of  bark.  I  have  seen  this  remedy  produce 
the  most  beneficial  effects,  and  have  known  patients  come  back  to  the 
Hospital  to  ask  for  the  "  perchloride "  as  the  only  medicine  from  which 
they  had  derived  advantage.  At  a  more  advanced  period,  and  in  some 
constitutions  in  which  mercury  is  not  well  borne,  the  iodide  or  the  bromide 
of  potassium  in  full  doses  will  be  found  highly  beneficial,  more  especially 
when  there  are  indications  of  the  presence  and  the  pressure  of  inflammatory 
effusion. 

When  all  signs  of  inflammation  have  subsided— when  the  symptoms  have 
become  those  of  paralysis,  whether  of  sensation  or  of  motion— but  more 
especially  in  those  cases  in  which  tliere  is  a  loss  of  motor  power,  with  a 
generally  debilitated  and  cachectic  state,  cod-liver  oil,  strychnine,  and  iron 
may  be  advantageously  employed.  But  I  would  particularly  caution  against 
the  use  of  these  remedies,  and  more  especially  of  strychnine,  in  all  those  cases 
in  which  inflammation  is  still  existing.  In  such  circumstances  strychnine  has 
the  most  prejudicial  effect,  increasing  materially  and  rapidly  the  patient's 
sufferings.  But  in  the  absence  of  inflammatory  irritation  it  will,  if  properly 
administered,  be  found  most  useful,  more  particularly  in  restoring  lost  motor 
power.  In  those  cases  in  which  strychnine  may  be  advantageously  administered, 
sreat  benefit  wiU  also  be  derived  from  warm  salt-water  douches  to  the  spine, 
and  galvanism  to  the  limbs. 

At  a  more  advanced  period,  when  general  cachexy  has  been  induced,  and 
more  or  less  paralysis  of  sensation  and  motion  continues  in  the  limbs,  and 
nothing  of  a  specific  nature  can  be  done  in  the  way  of  treatment,  our  whole 
object  should  be  to  improve  the  generial  health  on  ordinary  medical  principles, 
so  as  to  prevent  as  far  as  possible  the  development  of  secondary  diseases,  such 
as  phthisis,  dependent  on  malnutrition  and  a  generally  broken  state  of  health, 
which  may  after  several  years  lead  to  a  fatal  termination. 


WOUNDS    OF    THE    SPINAL  CORD. 

These  injuries  may  occur  fi'om  stabs  with  pointed  instruments  ;  from  gun- 
shot violence  ;  or,  most  frequently,  from  the  pressure  of  fractured  vertebra?. 
In  the  latter  form  of  injury  there  is  an  association  of  wound  and  compression, 
giving  rise  essentially  to  the  same  symptoms  as  if  the  cord  were  divided. 

Symptoms. — When  the  spinal  cord  is  completely  divided  or  crushed  sub- 
outaneously,  certain  symptoms  occur  that  are  common  to  all  cases,  at  what- 
ever part  of  the  cord  the  injury  has  been  inflicted,  provided  it  be  not  so  high 
as  to  cause  instant  death.  In  the  first  place,  there  is  complete  paralysis  of 
sensation  and  motion  in  all  the  parts  below  the  seat  of  injury,  though  the 
mental  state  of  the  patient  continues  intact.  The  seat  of  injury  may  be 
diagnosed  by  the  extent  of  the  paralysis.  Thus,  there  may  be  paralysis  of  all 
the  parts  supplied  by  the  nerves  of  the  sacral  plexus,  whilst  those  from  the 
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lumbar  arc  not  affected  ;  thus  leading  to  the  inference  that  the  injurv  ],a«  been 
mfl  cted  above  tlie  one  and  l^elow  the  other  set  of  nerves  ' 

hen  the  continuity  of  the  cord  is  completely  inteiTupted  there  is  at  firet 
vaso-motor  paralysis  of  the  parts  below  the  injuiy.  Owing  to  the  feebleness 
of  the  heart's  action  consequent  on  the  shock  of  the  inju^,  and  to  h  want 
of  movement  m  the  paralysed  muscles,  there  is  soon  some  degree  of  veno^ 
stagnation,  and  the  temperature  of  parts  below  the  injury  soon  falls  con- 
siderably, so  as  to  give  a  sensation  of  distinct  coldness  to  the  hand     -Vfter  a 

\Z  !  'Tt  ^^'^       congestion  becomes 

ess  marked.  Reflex  phenomena  are  for  a  short  time  completely  abolished 
n  the  parts  below  the  injury,  apparently  owing  to  the  shock  sustained  br 
the  cord  in  the  accident.  After  a  time,  however,  the  reflexes  return,  and 
usually  become  exaggerated  as  degenerative  changes  commence  in  the  motor 
tracts  below  the  injury.  Thus  when  the  soles  of  the  feet  are  tickled,  the 
legs  wiU  jerk,  although  all  sensation  is  abolished.  At  a  later  period  ajrain  the 
reflexes  become  lessened  and  may  disappear.  After  a  time  visible  diminution 
takes  place  in  the  nutritive  activity  of  the  Hmbs,  the  circulation  becoming 
feeble,  with  considerable  tendency  to  venous  stagnation.  The  muscles  waste 
to  a  certain  extent,  the  skin  assumes  a  dirty,  cadaverous  hue,  and  the  cuticle 
usually  exfohates  m  branny  flakes.  So  long,  however,  as  the  parts  are  in 
connection  with  a  healthy  portion  of  the  spinal  cord,  the  graver  trophic  lesions 
such  as  acute  bed-sore,  do  not  manifest  themselves.  Bed-sores,  no  doubt' 
commonly  occur  m  these  cases,  but  they  are  due  to  the  irritating  effects  of 
the  urine  and  f^ces  involuntarily  passed  by  the  patient,  together  with  his  want 
01  mobility,  and  can  usually  be  prevented  by  skilful  nursing. 

In  open  wounds  of  the  spinal  cord,  such  as  result  from  gun-shot  injuries, 
or  ti-om  stabs,  the  patient  is  exposed  to  the  dangers  of  septic  meningitis 
and  myelitis.  These  complications  are  commonlv  fatal.  They  are  charac- 
terised by  high  temperature  with  pain  in  the  back,  and  sometimes  spasm  or 
rigidity  of  the  muscles  of  the  trunk  and  limbs.  The  mischief  may  extend 
upwards  to  the  base  of  the  brain,  and  cerebral  symptoms  may  then  manifest 
themselves  before  death.  Inflammatory  softening  of  the  cord  in  the  neigh- 
bouriiood  of  the  wound  is  indicated  by  the  paralysis  extending  upwards. 
JVlyehtis  foUowing  the  injury  is  very  commonly  complicated  by  the  formation 
of  acute  bed-sores,  which  are  rapidly  fatal.  This  is  due  to  the  parts  no  longer 
being  in  connection  with  a  healthy  nerve-centre. 

The  general  symptoms  of  paralysis  following  injury  present  important 
modifications,  according  to  the  height  at  which  the  cord  is  divided. 

1.  Injuries  in  the  Lumbar  and  Lower  Dorsal  Region.— The  cord  ter- 
minates at  the  lower  border  of  the  first  lumbar  vertebra,  consequently  injuries 
below  that  point  will  affect  only  the  spinal  nerves  forming  the  cauda  equina. 
The  whole  of  the  nerves  that  enter  into  the  lumbar  and  sacral  plexuses  arise 
from  the  part  of  the  cord  below  the  lower  border  of  the  eleventh  doreal 
vertebra.  Injuries  in  this  region  consequently  often  cause  complete  paralysi.- 
of  all  the  parts  supplied  from  both  the  sacral  and  lumbar  plexuses  :  sometimes, 
however,  the  sacral  alone  is  affected.  When  the  injury  affects  the  sacral  plexus 
only,  all  the  muscles  below  the  knee,  the  flexors  of  the  leg,  the  rotators, 
abductors,  and  extensors  of  the  thigh  are  paralyzed  :  but  the  extensors  of  the 
leg  and  the  flexors  and  adductors  retain  their  power.  The  muscles  of  the 
permajum,  the  sphincter  ani,  and  the  bladder  are  also  paralyzed.    Sensation  is 
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lost  in  the  gluteal  region,  the  back  of  the  thigh,  the  outer  side  of  the  leg  and 
ibot,  the  genital  organs,  and  the  perineum.    When  the  lumbar  plexus  is  also 
aliected,  the  whole  lower  limb  is  deprived  of  sensation  and  motion,  and  there 
is  some  loss  of  sensation  about  the  lower  part  of  the  abdomen  in  the  part 
suppUed  by  the  ilio-hypogastric,  but  the  abdominal  muscles  retain  their 
power  of  contraction.     In  some  cases  we  find  complete  paralysis  of  the 
parts  supplied  by  the  sacral  plexus,  and  irregular  paralysis  and  loss  of 
sensation  in  those  supphed  by  the  lumbar-  plexus.    This  is  due  to  injury  of 
chat  part  of  the  cord  from  which  the  sacral  plexus  arises,  with  damage  to  some 
of  the  lumbar  nerves  which  lie  by  the  side  of  it,  before  they  leave  the  vertebral 
canal.    In  an  injury  completely  paralysing  the  sacral  plexus,  there  is  always 
relaxation  of  the  sphincter  ani,  with  consequent  incontinence  of  flatus  and,  to 
■A  great  extent,  of  faeces.    In  these  cases  the  fseces  are  brought  down  into  the 
rectum  by  the  peristaltic  action  of  the  intestines,  which  is  not  suspended, 
being  under  the  control  of  the  sympathetic  system,  which  communicates  with 
the  cord  at  a  much  higher  level.    The  power  of  voluntary  micturition  and  the 
sensation  of  fulness  of  the  bladder  are  of  course  abolished.    The  act  of 
micturition  is  supposed  to  be  controlled  by  three  centres  in  the  lumbar  region 
of  the  cord,  an  automatic  centre  maintaining  the  contraction  of  the  sphincter, 
a  motor  centre  in  connection  with  the  muscular  coat  of  the  bladder,  and  a 
sensory  centre  receiving  the  alferent  nerves  from  the  mucous  membrane. 
These  are  in  communication  with  the  brain  and  with  each  other.    In  the 
normal  act  of  micturition  the  sensation  of  fulness  of  the  bladder  is  conveyed 
to  the  brain,  from  which  an  efferent  impulse  is  sent  to  the  motor  centres, 
which  inhibits  the  action  of  the  automatic  centre  controlling  the  sphincter 
and  stimulates  the  motor  centre  connected  with  the  muscular  coat  of  the 
bladder.    In  an  injury  of  the  cord  it  is  possible  that  these  centres  may  be 
destroyed.    The  bladder  then  becomes  an  inert  bag,  and  the  urine  will  dribble 
from  it  as  soon  as  it  has  accumulated  in  sufficient  quantity  to  overcome  the 
mechanical  resistance  at  the  neck  of  the  bladder  and  along  the  urethra. 
"When  the  injury  is  at  a  higher  level  the  urine  is  retained  during  the  period 
of  shock,  but  as  this  passes  off  the  bladder  usually  empties  itself  periodically 
-without  the  patient  being  conscious  of  what  has  occurred.    This  is  due  to  the 
communication  between  the  centres  controlling  micturition.    As  soon  as  the 
bladder  reaches  a  .certain  degree  of  distension  the  centre  controlling  the 
sphincter  is  inhibited  in  its  action,  and  that  connected  with  the  muscular 
coat  is  stimulated  through  the  direct  communications  between  these  and  the 
sensory  centre.    In  these  cases,  therefore,  the  patient  would  not  die  from 
rupture  of  the  bladder  if  no  catheter  were  passed,  but  he  would  be  constantly 
wet  from  the  involuntary  escape  of  urine,  and  thus  the  danger  of  fatal  bed- 
sores would  arise.    A  catheter  is,  therefore,  usually  passed  at  regular  intervals, 
and  as  a  consequence  of  this  it  commonly  happens  that  after  the  first  few  days 
the  urine  becomes  ammoniacal  in  odour  and  alkaline  in  reaction,  from  the 
formation  of  ammonium  carbonate  from  the  urea.    This  fermentation  is 
"believed  always  to  be  due  to  the  introduction  of  micro-organisms  into  the 
bladder  from  without  either  by  means  of  the  catheter  or  by  direct  extension 
up  the  paralysed  urethra,  which  cannot  perfectly  empty  itself  of  urine  and 
mucus  during  the  act  of  micturition  as  in  a  state  of  health.    The  decomposino- 
Tlrine  soon  sets  up  severe  cystitis.    The  first' effect  of  this  is  that,  owino-  to  the 
irritation  of  the  sensory  nerves,  the  act  of  automatic  micturition  is  repeated  at 
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very  short  intervals  till  it  amounts  to  almost  constant  dribbling    Th.  nrin. 

udne  followr  Tn  f  .  ^^^^^^a^^ted,  and  constant  dribbling  of 

uime  follows.  In  the  early  stages  of  these  injuries  to  the  cord  the  nenis  will 
usually  be  observed  to  be  in  a  state  of  semi-erection  ^ 

1  atients  who  have  met  with  injuries  of  this  portion  of  the  spinal  cord  mav 
live  on  for  many  months,  or  even  for  a  year  or  two,  in  a  cachectic  stL^ 
death  then  occurs  usually  from  the  formation  of  bed-sores,  or  from  the  effects 
of  the  diseased  condition  of  the  bladder. 

?;  'i'^'"'  ^}^'^^^     ^^'^  "^PP^^  Region,  about  the  level 

of  the  third  dorsal  vertebra,  we  have  not  only  the  train  of  symptoms  that  hav 
]ust  been  mentioned  as  characteristic  of  this  injury  lower  down  bTrespi 
ration  also  is  interfered  with  in  consequence  of  paralysis  of  ihe  g  eX 
portion  of  the  expiratory  muscles.    The  intercostal  musdes,  and  thosf  con 

effected  solely  by  the  elasticity  of  the  walls  of  the  chest ;  and  ?he  pureh 
muscular  expiratory  movements,  such  as  sneezing  and  coughing,  cannot  be 
accomplished.  In  these  cases,  during  inspiration,^which  is  effected  chiefly  bv 
the  diaphragm,_the  ribs  are  depressed  instead  of  being  expanded  and  raised 
and  the  abdominal  wall,  which  is  soft  and  flaccid,  is  protruded  far  beyond  its 
normal  Imiits.  In  consequence  of  the  impediment  to  respiration  the  bloodt 
01  tCwe^kT  '  ^""^  hypostatic  pneumonia  often  causes  death  in  two 

.^.\^}^''       'T''     '''^^'^''^  not  only 

do  all  the  preceding  symptoms  occur,  but  there  is  paralysis  of  the  upper 
extremities  as  well  -  and,  inspiration  being  entirely  diaphragmatic.  The 
circulation  is  speedily  affected,  the  lungs  become  congested  and  edematous, 
and  the  countenance  suffused  and  purplish.    If  the  cord  have  been  crushed 
or  divided  immediately  above  the  bracliial  plexus,  there  will  be  complete 
paralysis  of  the  whole  of  the  upper  extremities;  but  if  the  inim-v  be 
opposite  the  sixth  cervical  vertebra,  they  may  be  only  partially  paralysed. 
This  happened  m  two  cases  of  fracture  of  the  spine  in  this  region  that  were 
some  years  ago  under  my  care  at  the  Hospital.    In  both,  the  paralysis  existed 
on  the  ulnar  but  not  on  the  radial  side  of  the  arras,  owing  to  the  external 
cutaneous,  median  and  muscu.lo-spiral  nerves  arising  higher  from  the  plexus 
than  the  ulnar,  and  thus  just  escaping  injury.    In  both  these  cases,  there  was 
hyperaas  hesia  m  the  arms  along  the  whole  line  of  junction  between  the 
paralysed  and  the  sound  parts.    There  is  this  remarkable  fact  connected  with 
injuries  of  the  lower  portion  of  the  cervical  spinal  cord,  that  the  tempera- 
ture frequently  presents  a  marked  deviation  fr-om  the  normal  standard  In 
some  cases  it  rises  very  considerably,  in  fact  to  a  higher  point  than  has  been 
noticed  m  any  other  surgical  affection.    Brodie  found  in  one  case  that  the 
thermometer  marked  lir  F.    But  in  other  cases  again  the  temperature  has 
been  found  gi-eatly  reduced,  even  to  81°  or  82°  P.    No  explanation  of  these 
extraordinary  differences  has  as  yet  been  discovered.    In  cases  of  injury  of  the 
cord  in  this  situation,  the  patient,  being  unable  to  expel  mucus  from  his  lungs, 
usually  dies  from  asphyxia  in  from  forty-eight  hours  to  a  week. 
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When  the  division  of  the  spinal  cord  talces  place  above  the  Origin  of  the 
Phrenic  Nerves  opposite  to  or  above  the  third  cervical  vertebra,  instantaneous 
death  results  from  paralysis  of  the  diaphragm,  as  well  as  of  the  rest  of  the 
respiratory  muscles,  inducing  sudden  asphyxia. 

It  necessarily  happens  in  partial  division  of  the  cord  that  the  symptoms 
are  less  clearly  marked.  In  many  of  these  cases  resulting  from  fracture  or  dis- 
location, the  symptoms  due  to  actual  injury  of  the  cord  are  complicated  with 
pressure  on  one  or  more  nerves  in  the  intervertebral  foramina.  When  this 
DGCurs  there  is  often  pain  in  the  line  of  the  nerve,  and,  if  it  be  in  the  dorsal 
region,  a  sensation  like  a  painful  girdle  round  the  waist.  The  most  definite 
of^these  injuries  are  met  with  in  partial  division  of  the  cord  by  a  stab.  In 
these  cases  it  has  occasionally  happened  that  the  weapon  has  divided  one  of 
the  lateral  halves  of  the  cord.  The  effect  of  this  is  to  cause  paralysis  with 
hyperesthesia  and  elevation  of  temperature  of  the  parts  below  the  injury  on 
the  same  side,  with  anaesthesia  of  the  opposite  side.  This  is  owing  to  the 
chief  decussation  of  the  motor  tracts  talcing  place  in  the  medulla  oblongata, 
while  the  sensory  fibres  cross  to  the  opposite  side  almost  immediately  after 
they  enter  the  cord. 

MECHANICAL   INJUBIES    OF    THE   VEBTEBEAL  COLUMN. 

The  mechanical  injuries  to  which  the  vertebral  column  is  liable,  consist  of 
Sprains  or  Wrenches,  Fracture,  and  Dislocation. 

Twists,  Sprains,  or  Wrenches  of  the  Spine,  without  fracture  or  dislo- 
cation of  the  vertebras,  may  occiu'  in  a  variety  of  ways.  Boyer  relates  a  fatal 
case,  occurring  ft-om  an  injury  received  in  practising  gymnastics.  Sir  A. 
Cooper  gives  an  instance  of  a  fatal  wrench  of  the  spine,  from  a  rope  catching  a 
boy  round  the  neck  whilst  swinging.  In  two  cases  under  my  care,  the  injury 
arose  from  violence  applied  to  the  cervical  spine  ;  in  one  from  a  railway 
accident,  in  the  other  from  a  fall  from  a  horse. 

These  wrenches  of  the  spine  are,  for  obvious  reasons,  most  liable  to  occur 
in  the  more  mobile  parts  of  the  vertebral  column,  as  the  neck  and  loins,  just 
above  the  sacral  region  ;  less  frequently  in  the  dorsal  region. 

In  railway  collisions,  when  a  person  is  violently  and  suddenly  jolted  from 
one  side  of  the  caiTiage  to  the  other,  the  head  is  frequently  forcibly  thrown 
forwards  and  backwards,  moving  as  it  were  by  its  own  weight,  the  patient 
having  for  the  time  lost  control  over  the  muscles  of  the  neck.  In  such 
cases  the  patient  complains  of  a  severe  straining,  aching  pain  in  the  articula- 
tions between  the  head  and  the  spine,  and  in  the  Cervical  Spine  itself. 
This  pain  closely  resembles  that  felt  in  any  joint  after  a  severe  wrench  of 
its  ligamentous  structures,  but  is  peculiarly  distressing  in  the  spine,  owing 
to  the  extent  to  which  fibrous  tissue  and  ligament  enter  into  the  composition 
of  the  column.  It  is  greatly  increased  by  to-and-fro  movements,  however 
slight,  and  especially  by  rotation  ;  also  by  pressure  upon,  and  by  hf  ting  up  the 
head  so  as  to  put  the  tissues  on  the  stretch.  In  consequence  of  this,  the 
patient  keeps  the  neck  and  head  immovable,  rigid,  looking  straight  forwards. 
He  cannot  raise  his  head  off  a  pillow  without  the  assistance  of  his  own  hand, 
or  that  of  another  person. 

The  Lumbar  Spine  is  often  strained  in  railway  collisions,  with  or  without 
similar  injury  to  the  cervical  portion  of  the  column,  iu  consequence  of  the 
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body  being  forcibly  swayed  backwards  and  forwards  during  tlie  jarrin'r  oscil 
lations  of  the  carriage  on  the  receipt  of  a  powerful  shock.  In  such  ciSes  the 
same  kind  of  paiu  is  complained  of.  There  is  the  same  rigidly  inflexible  con- 
dition ol  the  spmo,  \vith  tenderness  on  external  pressure,  and  great  aggravation 
ot  suffering  on  movement,  more  particularly  if  the  l)udy  is  bent  backwards 
The  patient  is  unable  to  stoop  ;  in  attempting  to  do  so,  he  always  goes  down 
on  one  of  his  knees. 

_  The  muscles,  especially  the  erector  spinas  and  the  fasciae  of  the  back,  are  also 
often  sprained,  sti'etched,  and  even  torn,  in  cases  of  twists  and  strains  of  the 
spinal  column.  There  may  be  consequent  swelling  and  induration  of  these 
tissues  from  the  presence  of  inflammatory  effusions,  and  inability  to  use  the 
sprained  muscles.  But  the  great  danger  of  these  muscular  and  ligamentous 
sprains  is,  that  they  are  not  unfrequently  associated  with  some  of  the  most 
serious  affections  of  the  s]Dinal  cord  that  are  met  with  as  a  consequence  of 
injury.   These  may  prove  most  dangerous,  or  even  fatal. 

The  Prognosis  will  depend  partly  on  the  extent  of  the  stretching  of  the 
muscular  and  ligamentous  structures,  partly  on  whether  any  inflammation 
has  been  excited  in  them  which  may  extend  to  the  interior  of  the  spinal 
€anal.    As  a  general  rule,  where  muscular,  tendinous,  and  ligamentous  struc- 
tm-es  have  been  violently  stretched,  as  in  an  ordinary  sprain,  however  severe, 
they  recover  in  the  course  of  a  few  weeks,  or  at  most  within  three  or.  six 
months.     If  a  joint,  as  che  shoulder  or  ankle,  continue  to  be  weak  and 
preternaturally  mobile,  in  consequence  of  elongation  of  the  ligaments,  or 
weakness  or  atrophy  of  the  muscles,  beyond  this  period,  it  will,  in'  aU 
probability,  never  be  so  strong  as  it  was  before  the  accident.     The  same 
holds  good  with  regard  to  the  spine  ;  and  a  vertebral  column  which  has  been 
so  weakened  as  to  require  artificial  support,  after  several  months,  in  order  to 
enable  it  to  maintain  the  weight  of  the  head,  will  probably  never  regain  its 
normal  strength.  "  ° 

One  great  prospective  danger  in  strains  of  the  spine  is  the  possibility  of 
inflammation  developed  in  the  fibrous  structures  of  the  column  extending  to 
the  meninges  of  the  cord.  This  I  have  several  times  seen.  It  is  particularly 
iipt  to  happen  when  the  strain  or  twist  occurs  between  the  occiput  and  the  atlas 
or  axis.  In  these  cases  a  rigid  tenderness  is  gradually  developed,  which  is  most 
distressing  and  persistent,  and  evidently  inflammatory ;  or  there  may  be 
paralysis  confined  to  the  nerves  connected  with  that  part  of  the  spine 
that  is  the  seat  of  the  wrench,  one  or  other  of  theii-  roots  having  suffered 
lesion,  or  the  nervous  cord  itself  having  been  injm-ed  in  its  passage  through 
the  intervertebral  foramen.  Lastly,  a  twist  of  the  spine  may  slowlv  and 
insidiously  be  followed  by  symptoms  of  complete  paraplegia,  and  eventually 
l)y  death  from  extravasation  of  blood  into  the  vertebral  canal. 

The  Treatment  of  these  injuries  is  the  same  as  that  of  concussion  of  the 
spinal  cord  (see  p.  801)). 

Fracture  of  the  Spine  may  occur  either  by  the  application  of  direct 
violence,  or  by  a  violent  twist  or  bend  of  the  body  forwards.  Direct  violence, 
as  a  blow,  fall,  or  gunshot  injury,  may  of  course  fracture  the  spine  at  any  part 
and  almost  to  any  extent,  in  some  cases  detaching  merely  a  spinous  process, 
in  others  splintering  and  comminuting  several  vertebraj  and  lacerating  or 
dividing  the  spinal  cord.  Fracture  of  the  spine  from  a  violent  but  forcible 
bend  of  the  body  forwards  occurs  chiefly  in  the  cervical  region.  It  is  produced 
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usually  by  a  persou  falliug  from  a  height  on  the  head,  the  body  being  bent 
forcibly  forward  so  as  to  drive  the  chin  against  the  sternum.  This  accident 
often  happens  in  falls  from  horseback,  or  in  talcing  a  "  header  "  into  shallow 
water.  In  some  cases  it  has  occurred  from  a  person  sitting  on  the  top  of  a 
vehicle  having  the  head  forcibly  bent  down  whilst  passing  under  an  archway. 
In  these  accidents  there  are  usually  extensive  rupture  of  the  spnial  ligaments 
and  displacement  of  the  bones,  as  well  as  fracture. 

In  some  cases  of  even  very  extensive  fracture  there  may  be  no  appreciable 
displacement :  but  usually  some  change  of  position  ensues,  in  many  cases  to 
such  an  extent  as  to  compress  or  lacerate  the  spinal  cord.  The  mode  of 
occurrence  of  the  fracture  will  influence  the  amount  of  displacement.  If  the 
fracture  be  through  the  arch,  or  consist  in  a  simple  detachment  of  the  spinous 
process  by  a  fall  or  a  blow  on  the  back,  there  may  be  no  displacement.  If  it 
occur  from  a  fall  upon  the  head,  or  by  forcible  flexure  of  the  neck  aud  body 
forwards,  as  when  the  body  is  compressed  between  the  top  of  a  van  and  an 
archway,  there  will  probably  be  great  displacement  and  perhaps  separation  of 
the  articulating  surfaces  of  contiguous  vertebra.  In  these  cases  the  upper 
part  of  the  spine  is  almost  invariably  displaced  forwards. 

The  Signs  of  this  injury  vary  very  greatly,  and  depend  in  a  great  degree 
upon  the  extent  of  the  displacement.  If  this  be  inconsiderable,  it  maybe 
extremely  difficult,  and  even  impossible  in  some  instances,  to  pronounce  with 
certainty  whether  the  spine  has  been  broken  or  not ;  the  more  so  if  the 
fracture  do  not  hnplicate  the  body  of  the  vertebra.  If,  on  the  other  hand,  the 
displacement  afi'ect  the  axis  of  the  column  or  compress  the  cord,  the  symptoms 
are  so  marked  as  to  admit  of  easy  diagnosis.  They  are  of  two  kinds  ;  those 
presented  by  the  injury  of  the  bone,  and  those  dependent  on  injury  by  com- 
pression or  laceration,  or  both,  of  the  spinal  cord. 

The  Local  Signs  are  usually  pain  at  the  seat  of  injury,  greatly  increased 
by  pressure  on,  or  motion  of  the  part ;  inequaUty  of  the  line  of  the  spinous 
processes,  with  depression  of  the  upper  portion  of  the  spine,  and  corresponding 
prominence  of  the  lower.  There  is  an  inabihty  to  support  the  body  in  the 
erect  position,  and  to  move  the  spine  in  any  way  ;  hence,  when  the_  upper 
portion  of  the  column  is  injured,  the  patient  holds  his  head  in  a  stilf  and 
constrained  attitude,  fearing  to  turn  it  to  either  side. 

The  General  Symptoms  of  fracture  of  the  spine  are  dependent  upon  the 
injury  which  the  cord  has  received.  If  the  fracture  have  not  implicated  the 
spinal  canal,  as  when  only  the  tip  of  a  spinous  process  has  been  broken  ofi",  or 
If  it  be  unattended  by  displacement,  although  it  may  traverse  the  body 
and  arches,  no  symptoms  depending  upon  injury  of  the  cord  need  exist. 
But  even  in  these  cases  there  is  usually  some  paralysis,  owing  perhaps  to 
the  concussion  to  which  the  cord  has  been  subjected  at  the  moment _  of 
injury  ;  and  occasionally  a  sudden  movement  by  the  patient  will  bring 
on  displacement,  by  which  the  cord  is  compressed  and  all  the  parts  below 
the  injured  spot  are  paralysed,  A  woman  was  admitted  into  University 
College  Hospital  with  an  injury  of  the  neck,  the  nature  of  which  could 
not  be  accurately  ascertained.  She  was  in  no  way  paralysed,  but  kept 
lier  head  immovable  in  one  position.  A  few  days  after  admission,  whilst 
making  a  movement  in  bed,  by  which  she  turned  her  head,  she  fell  back  dead. 
On  examination,  it  was  found  that  the  spinous  process  of  the  fifth  cervical 
Tertebra  had  been  broken  off  short,  and  was  impacted  in  such  a  way  between 
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the  arches  of  this  and  the  fourth  as  to  compress  the  cord.  This  iniDaction 
and  consequent  compression  probably  occurred  at  the  time  of  thein  ^ut  ^^ 
movement,  thus  producing  immediate  death.  When  there  is  only  ])artial  diV 
placement  there  may  be  but  incomplete  paralysis  of  the  parts  Ix-low  the 
njuiy ;  of  one  arm,  one  leg,  &c.  In  these  cases  there  is  usually  great  pain  at 
the  seat  of  fracture,  and  extending  from  it  along  the  line  of  juncfion  between 
the  paralysed  and  sound  parts  round  the  body  or  along  the  limb.  This  symn- 
torn,  Avhich  IS  of  great  importance  as  exactly  defining  the  seat  of  injury  is  due 
as  1  found  m  dissecting  a  case  of  fracture  of  the  sixth  cervical  vertebra  unde^ 
my  care,  to  the  fractm-ed  bone  compressing  and  irritating  the  nerve  that  issues 
from  the  vertebral  notch  opposite  the  seat  of  injury. 

When  the  cord  is  implicated,  the  symptoms  will  vary  according  to  the  seat 
of  the  mjury  and  the  extent  of  the  damage.  For  a  detailed  account  of  the 
symptoms  presented  by  injuries  of  the  different  portions  of  the  cord,  the  reader 
IS  referred  to  the  section  on  "Wounds  of  the  Spina]  Cord"  (p.  811). 

If  the  spine  be  fractured  by  indirect  violence,  as  by  the  head  being  forcibly 
bent  down  on  to  the  chest  as  the  patient  is  driving  under  an  archway,  and 
a  fracture  be  thus  occasioned  through  the  lower  cervical  or  upper  dorsal 
portion  of  the  column,  we  shall  find  that  the  cord  being  lacerated,  and  com- 
pressed transversely  in  one  part  only,  the  ordinary  symptoms  of  a  division 
of  the  cord  at  that  part  will  be  presented,  the  patient  being  paralysed 
below  the  seat  of  injmy  ;  but  the  paralysed  parts  manifest  signs  of  reflex 
irritability,  the  legs  being  drawn  up  when  the  soles  are  tickled."  When  the 
fracture  is  by  direct  violence,  as  by  a  heavy  fall  on  the  back  from  a  height, 
the  cord  will  be  concussed  as  well  as  paralysed,  and  then  no  reflex  phenom°ena 
are  at  first  presented  by  the  patient. 

In  a  large  proportion  of  cases  of  fractui-e  of  the  spine,  there  is  such  displace- 
ment of  the  bone  as  to  compress  the  whole  thickness  of  the  cord,  and  thus  to 
occasion  complete  paralysis  of  motion  and  sensation  in  the  parts  below  the 
seat  of  injury.  This  paralysis  resembles  that  which  arises  from  simple  division 
of  the  cord,  but  is  followed  by  greater  impafrment  of  nutrition,  as  shown  in 
wastmg,^  cachexy,  and  a  tendency  to  sloughing.  The  reason  of  this  difference 
is,  that  in  fracture  the  cord  is  not  simply  compressed  or  divided,  but  is  con- 
tinuously irritated  by  the  edges  of  broken  bone,  and  thus  not  only  becomes 
incapable  of  healing,  but  is  kept  in  a  state  of  chronic  iiTitation  and  inflamma- 
tion. If  the  fracture  be  above  the  origin  of  the  phrenic  nerve,  respfration  will 
be  arrested  and  the  patient  will  die  instantaneously. 

Prognosis.— The  danger  from  fi-acture  of  the  spine  depends  on  the  amount 
of  injury  sustained  by  the  cord,  and  the  situation  of  that  injury.  Thus,  if  there 
is  no  displacement  of  the  broken  vertebra  or  injury  to  the  cord,  union  will 
take  place,  and  the  patient  recover  perfectly ;  but  fractures  of  the  spine 
through  the  bodies  of  the  vcrtebrte,  with  displacement  and  compression  of  the 
cord,  are  most  commonly  fatal. . 

When  the  fracture  occurs  in  the  middle  or  lower  dorsal  regions,  so  that  the 
lower  portion  only  of  the  cord  is  injured,  the  patient  may  live  for  many  years, 
even  though  the  cord  is  completely  severed  and  the  spinal  canal  obliterated  by 
the  displacement,  and  by  the  new  bone  formed  in  the  process  of  repair.  There 
is  a  specimen  in  University  College  Museum  which  well  illustrates  this  fact 
(Fig.  329).  The  patient  was  a  man  who,  at  the  age  of  thirty-two,  fell  fifty 
feet  from  a  tree.    He  sustained  a  fracture  of  the  spine,  with  the  unusual  dis- 
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placement  of  the  upper  fragment  backwards.  The  fracture  became  firmly 
cousolidated,  and  he  lived  for  nine  and  a-half  years  afterwards,  completely 
paralysed  below  the  middle  of  his  body.  There  was  no  sloughing  of  the  hips 
or  back,  and  blisters,  which  were  for  some  reason  applied  to  the  paralysed  parts, 
are  stated  to  have  healed  without  difficulty.  He  suffered  from  repeated  attacks 
of  cystitis,  in  one  of  which  extension  took  place  to  the  kidney,  and  he  died  of 
septic  pyelo-nephritis.  The  specimen  shows  ossification  of  the  dui'a  mater 
below  the  seat  of  fracture. 

Even  when  the  injoiy  is  in  the  cervical  region,  recovery  may  take  place, 
although  the  case  may  appear  most  unpromising.  I  have  known  at  least  four 
cases  in  which  recovery  has  occurred  after  fracture  of  the  lower  cervical 


Fig.  329.— Fracture  through  tlie  lower  dor-  Fig.  330.— Crush  of  Cord, 

sal  and  first  luinhar  vertebrai,  with  dis-  The  result  of  a  Fracture 

placement  baekwards  of  upper  fragment.  of  the  Spine, 


'Vertebra,  with  paralysis  more  or  less  complete  from  the  neck  downwards.  In 
one  of  these  the  neck  was  broken  by  a  fall  in  kangaroo-hunting,  and  the 
patient,  who  was  young  and  active,  after  being  paralysed  for  eleven  months, 
made  a  fair  though  not  complete  recovery — some  paralysis,  with  wasting,  of 
[  the  extensors  of  the  hands  being  left. 

When  death  takes  place,  it  may  occur  in  three  different  ways.  It  happens 
'  primarily  as  the  immediate  result  of  the  injury,  in  all  those  cases  in  which  the 
[fracture  is  above  the  origin  of  the  phrenic  nerve.  It  occurs  secondarily  and 
(indirectly,  at  a  more  or  less  remote  period,  as  the  result  of  changes  in  the 
I  body  dependent  on  permanent  separation  of  the  parts  below  the  injmy  from 
1  the  nervous  centres  above.  At  the  seat  of  injury,  compression,  or  crushing, 
i  Inflammation  is  necessarily  developed  ;  thence  it  may  spread  along  the  mem- 
Ibranes,  giving  rise  to  effusion  into  the  canal,  and  into  the  cord  itself, 
:  causing  softening.  It  is,  doubtless,  by  the  gradual  extension  upwards  of  this 
I  secondary  inflammatory  softening,  that  death  is  ultimately  occasioned  in  many 

f cases.    Thus,  an  injury  in  the  cervical  region,  which  was  not  immediately 
fatal,  may  ultimately  prove  so  by  the  mischief  extending  to  the  origins  of 
the  phrenic  nerves,  and  so  arresting  respiration.-    Many  also  perish  from  bed- 
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sores  and  a  veiy  large  proportion  of  cases  prove  fatal  from  pyelo-nephritis 
secondary  to  cystitis,  with  decomposition  of  the  m-ine. 
^  The  Treatment  is  simple  enough  when  the  patient  escapes  without  implica- 
tion of  the  cord.  It  is  evident  that  in  such  cases  no  attempt  at  reduction 
should  be  made,  lest  by  dislodgnient  of  the  fragments  the  cord  might  be 
mjured.  The  patient  must  be  placed  flat  upon  his  back,  and  the  strictest 
possible  rest  maintained.  Konig  of  Gottingen  has  recommended,  in  cases  of 
fracture  in  the  dorsal  or  lumbar  region  without  damage  to  the  cord,  that 
Sayre's  plaster- of-Par is  jacket  should  be  applied  at  as  early  a  period  in  the 
case  as  possible.  He  has  himself  applied  it  as  early  as  the  fourth  day,  and 
Berkeley  Hill  at  the  end  of  thirty  hours.  In  these  cases  the  patient  was 
suspended  by  the  arm-pits,  and  at  the  same  time  supported  by  assistants,  care 
being  taken  not  to  lift  him  sufficiently  high  to  raise  the  feet  from  the  ground. 
Extension  under  these  circumstances,  however,  cannot  be  devoid  of  dano-er, 
and  the  better  plan  would  be  to  apply  the  apparatus  in  the  way  recommended 
by  Walker  of  Peterborough.  He  first  puts  on  the  patient  a  flannel  vest 
without  sleeves,  or  if  there  is  any  difficulty  in  doing  this,  a  piece  of  soft 
flannel  wide  enough  to  reach  fi-om  the  axiUse  to  the  hip  may  be  passed 
under  the  back,  and  carefully  sewn  down  the  front,  so  as  to  leave  no  creases. 
A  number  of  strips  of  muslin-bandage,  cut  of  the  proper  length  to  encircle 
the  body,  and  to  overlap  for  a  few  inches,  are  then  prepared.  These  are 
dipped  in  a  mixtm^e  of  plaster-of-Paris,  l  ib.,  water,  ^viij,  with  Hj  of  mucilage 
of  gum  acacia  added,  to  delay  the  setting.  They  are  then  quickly  spread  on°a 
bed  covered  with  a  mackintosh-sheet,  each  overlapping  that  above  for  two- 
thirds  of  its  width.  They  must  be  thus  arranged  till  a  sufficient  width  is 
reached  to  extend  from  the  patient's  axillae  to  midway  between  the  crest  of 
the  ilium  and  the  trochanter ;  and  a  sufficient  number  of  strips  should  be  used 
to  make  the  whole  about  six  layers  thick.  The  patient  is  then  carefully 
lifted  and  laid  on  the  bandages,  which  are  folded  over  and  rubbed  smooth,  as 
in  an  ordinary  plaster-of-Paris  bandage.  A  pad  should  be  put  over  the 
epigastrium,  which  can  be  ^^dthdrawn  when  the  splint  is  firm.  In  the  cases 
treated  by  Konig,  and  in  Hill's  case,  the  results  were  most  satisfactory.  Two 
cases  have,  however,  been  recorded,  in  which  the  patient  could  not  bear  the 
bandage,  but  no  harm  was  done  by  the  attempt  to  use  it. 

Another  plan  of  treatment,  originally  recommended  by  Womald,  is  to  raise 
the  patient  carefully  up,  aud  place  beneath  him  a  large  sheet  of  softened 
gutta-percha,  and  so  to  mould  a  splint  to  the  back. 

In  cases  in  which  ilia  cord  is  injured,  attempts  at  the  reduction  of  the 
fr-actured  and  displaced  spine  must  not  be  lightly  undertaken.  It  may  prove 
unsu-ccessful,  greatly  increase  the  sufferings  of  the  patient,  or  hasten  his  deatli. 
In  cases  of  injury  to  the  lower  cervical  vertebras,  it  would  rarely,  if  ever,  be 
proper  to  make  such  attempts.  In  the  upper  and  middle  dorsal  they  would 
not  be  likely  to  succeed,  owing  to  the  want  of  mobility  of  this  part  of  the 
column.  In  the  lower  dorsal  and  lumbar  regions  they  would  be  less  dangerous, 
and  more  likely  to  prove  advantageous. 

All  our  efforts  must  be  directed  to  prolonging  life,  if  the  fracture  be  in  such 
a  situation  (at  any  point  below  the  upjDcr  dorsal  vertebrae)  as  to  hold  out  a 
prospect  of  continuance  of  life  for  a  few  weeks  or  months.  Means  must  be 
taken  to  prevent  the  occurrence  of  sloughing  of  the  nates,  an  accident  that  is 
commonly  fatal  in  these  cases.    The  patient  should  be  laid  at  once  on  a  water- 
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lied,  cushion,  or  mattress,  and  must  be  kept  scrupulously  clean.  If  possible, 
a  mattress  should  be  obtained,  with  a  segment  that  will  pull  out  to  admit  the 
lied-pan,  or  some  such  an-angement  to  avoid  disturbance  of  the  spine.  Every 
precaution  should  be  taken  to  prevent  the  supervention  of  cystitis.  For  this 
jinrpose  the  urine  must  be  drawn  off  by  a  catheter,  regularly,  at  least  twice  in. 
tlie  day.  The  catheter  should,  before  being  used,  be  dipped  in  a  vessel 
c  ontaining  a  1  in  20  solution  of  carbolic  acid  and  oiled  with  carbolic  oil  (1  in 
10).  If,  in  spite  of  these  precautions,  ammoniacal  decomposition  of  the  urine 
should  take  place,  the  bladder  must  be  washed  out  with  an  antiseptic  solution 
every  time  the  water  is  drawn  off.  Solution  of  permanganate  of  potash,  or 
three  grains  of  quinine,  with  three  minims  of  dilute  snlphuric  acid  to  the 
ounce  of  water,  will  be  found  the  most  eiiicient  preparations.  (See  Cystitis.) 
If,  as  usually  happens  after  a  time,  the  bowels  become  confined,  relief  must 
be  afforded  by  castor-oil  or  turpentine  enemata.  A  nourishing  diet  must  be 
administered  and  perfect  rest  in  one  position  enjoined. 
In  this  way  life  may  be  maintained  for  a  considerable 
length  of  time,  and  bony  union  of  the  fracture  may 
take  place,  though  the  patient  may  not  recover  fi'om 
the  paralysis,  and  may  die  eventually  from  the  effects  of 
the  injury.  But  in  some  cases  a  much  more  satisfactory 
result  is  obtained  ;  the  patient  gradually  gains  power 
in  the  paralysed  parts.     Much  assistance  will  then  be 

;  afforded  by  making  hhcn  wear,  as  soon  as  the  fracture  is 

!  sufficiently  consolidated,  the  apparatus  shewn  in  Fig. 
331,  consisting  of  a  firm  pelvic  band,  with  a  strong 

1  iron  rod  shaped  to  the  spine,  and  running  as  high  as 

I  the  vertex,  having  padded  transverse  arms  to  support 
the  head  and  shoulders,  and  the  whole  attached  to  a 
stout  leather  case  moulded  to  the  back  and  shoulders.  '^'Iradliretf  th^spta 
If  not   applied  primarily  the   plaster-of-Paris  jacket 
will  always  be  found  of  great  service  in  the  later  stages  of  the  case. 

Trephining  the  Spine. — As  the  fatal  result  of  fracture  of  the  spine,  with 
compression  of  the  cord  by  the  broken  vertebra,  or  by  extravasated  blood,  is 
almost  inevitable,  the  idea  has  naturally  suggested  itself  to  Surgeons  that  life 
might  be  prolonged,  and  health  perhaps  restored,  if  the  same  operation  were 
extended  to  the  spine  which  is  successfully  employed  in  parallel  cases  of 
injuiy  of  the  head  ;  viz.,  the  elevation  and  removal,  if  necessary,  of  the 
depressed  portion  of  bone.  This  operation,  originally  proposed  by  Heister, 
^was  first  performed  by  Louis  and  Cline.  It  may  be  done  as  follows.  The 
patient  lying  on  his  face,  a  free  incision,  from  three  to  five  inches  in 
length,  according  to  the  extent  of  the  injury,  is  made  along  the  line  of  the 
spinous  processes,  and  the  muscular  masses  on  each  side  of  the  spine  are 
dissected  away,  so  as  to  expose  the  osseous  surfaces.  The  spinous  processes, 
at  the  seat  of  injury,  should  then  be  successively  seized  with  strong  forceps, 
and  gently  but  fii-mly  moved,  in  order  to  see  whether  there  be  fracture  at  their 
base  or  supporting  arches.  If  a  portion  of  bone  be  completely  broken  off,  it 
may,  after  all  ligamentous  connections  have  been  severed,  be  raised  with  the 
forceps  or  an  elevator.  Should  one  arch  only  be  broken  through,  the  uninjured 
one  may  be  divided  with  cutting  pliers  or  a  Hey's  saw ;  or,  should  both  be 
unbroken,  the  Surgeon  may,  if  he  think  it  prudent  to  proceed  further,  divide 
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both  in  this  way,  and  so  remove  them  and  the  spinous  processes,  and  expose 
the  theca  of  the  cord.  After  the  operation,  the  ijatient  is  to  be  kept  in  the 
prone  position. 

The  results  of  this  operation  are  not  very  encouraging.  It  lias  been 
performed  by  various  Surgeons  in  different  countries,  but  chiefly  in  America, 
about  thirty  times  ;  and,  although  some  temporary  advantage  seems  to  have 
been  obtained  in  a  few  of  the  cases,  permanent  recovery  has  resulted  in  only 
one  instance — by  Gordon  of  Whifcworth  Hospital,  Dublin  ;  but  even  in  this 
case  the  paralysis  remained.  But,  though  so  far  the  result  has  been  but  little 
satisfactory,  ought  Surgeons  to  discard  the  operation  ?  I  think  not ;  because, 
as  fracture  of  the  spine  with  serious  lesion  of  the  cord  cannot  be  recovered 
from,  and  has  an  almost  invariably  fatal  termination,  and  as  the  evil 
consequences  of  the  fracture  are  occasionally  dependent  not  only  upon  the 
primary  lesion  of  the  cord,  but  on  the  secondary  inflammatory  processes 
set  up  in  it  by  the  continued  irritation  of  the  fractured  fragments,  we  are 
justified  in  attempting  the  removal  of  this  source  of  certain  misery  and 
impending  death  by  the  only  means  in  our  power — operative  procedure ; 
and  we  are  the  more  justified  in  this  course,  as  the  operation  is  not  neces- 
sarily dangerous,  does  not  appear  often  to  have  hastened  death,  and  has 
certainly,  in  some  cases,  afforded  relief,  the  paralytic  symptoms  disappearing  to 
a  great  extent,  and  the  patient  being  able  to  move  limbs  that  were  previously 
motionless. 

One  serious  objection  that  has  been  urged  against  the  operation  must  not, 
however,  be  overlooked.  It  is,  that  in  the  great  majority  of  cases  the  fracture 
of  a  vertebra  is  through  the  body  and  not  through  the  arches.  This  undoubtedly 
is  so,  and  it  is  this  circumstance  that  has  rendered  the  operation  as  yet  little 
more  than  a  means  of  giving  relief  when  the  cord  is  partially  divided  and 
lacerated  by  being  stretched  over  a  rough  and  jagged  edge  of  the  broken 
body  of  a  vertebra  thrust  back  against  it.  Little  more  than  temporary  relief 
can  be  expected  from  the  removal  of  the  pressure  from  behind  by  cutting  away 
the  arches.  But,  when  these  portions  only  of  the  spinal  column  are  fractured 
and  displaced — a  rare  condition  it  is  true — then  permanent  good  may  be 
expected  to  follow  the  operation.  If  signs  of  such  injury  exist,  as  evidenced 
by  distortion  or  depression  of  one  or  more  spinous  processes,  it  would  most 
certainly  be  quite  proper  for  the  Surgeon  to  adopt  the  only  means  in  his 
power  of  affording  relief.  The  principal  danger,  and  usual  cause  of  death 
after  cutting  away  a  portion  of  the  spine,  has  been  either  the  continuance  of 
the  inflammation  excited  by  the  injury  in  the  cord  and  its  membranes,  or 
septic  meningitis  and  myelitis  following  the  oj)eration,  a  condition  which 
ought  to  be  preventible. 

Dislocations  of  the  Spine. — On  looking  at  the  arrangement  of  the 
articular  surfaces  of  the  vertebrae,  the  very  limited  motion  of  which  they  are 
susceptible,  and  the  way  in  which  they  are  closely  knit  together  by  strong 
ligaments  and  short  and  powerful  muscles,  it  is  obvious  that  dislocations  of 
these  bones  must  be  excessively  rare.  So  seldom,  indeed,  do  they  occur  that 
their  existence  has  been  denied  by  many  Surgeons.  Yet  there  are  several 
instances  on  record  which  prove  that  such  accidents  may  happen.  Tlie 
cases  that  have  been  met  with  have  usually  been  associated  with  partial 
fracture,  but  this  complication  is  not  necessary.  In  all,  the  displacement  was 
incomplete  ;  and,  indeed,  a  complete  dislocation  cannot  occur.    Fracture  may 
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occiu-  auywhere  iu  the  spine,  but  dislocation  without,  or  with  very  slight, 
fracture  is  met  with  only  in  certain  situations.  Dislocation  of  the  spine  may 
occur  in  the  following  parts  :— 1.  Between  the  occiput  and  atlas.  This  is  very 
rare.  2.  Between  the  atlas  and  axis.  This,  though  rare,  is  much  less  so  than 
the  preceding,  and  may  occur  with  or  without  fracture  of  the  odontoid  pro- 
ess  ;  when  the  odontoid  process  is  broken,  death  at  once  ensues.  3.  Dis- 
location between  the  second  and  third  cervical  vertebra  is  very  rare— as  rare  as 
dislocation  between  the  atlas  and  axis.  4.  Dislocation  generally  happens  some- 
where between  the  fifth  and  seventh  cervical  vertebrae.    Dislocation  without 


Fig.  332.— Dislocation  'between  tlie  Fiftli  and  Fig.  333. -Dislocation  of  the  Axis  from  the  Thii-d 

Sixth  Cervical  Vertebrte.  Cervical  Vertebra. 


fracture  can  scarcely  occur  in  the  dorsal  region,  and  there  is  no  recorded  case 
of  a  pure  dislocation  in  the  lumbar  region. 

In  Fig.  332  we  have  an  example  of  dislocation  of  the  fifth  from  the  sixth 
cervical  vertebra,  with  the  separation  only  of  a  scale  of  bone  which  was  adherent 
to  the  intervertebral  fibro-cartilage.  The  patient  had  fallen  on  his  head  from  a 
van  and  died  of  asphyxia  in  twenty-four  hours. 

The  spine  may  be  so  seriously  injured  that  dislocation  is  at  any  moment 
imminent,  and  yet  the  patient  may  live  for  some  days  before  the  displacement 
occurs,  by  which  the  cord  is  compressed.  A  man  was  admitted  into  University 
College  Hospital,  who  had  been  crushed  by  falling  between  the  platform  and  a 
train  in  motion.  Amongst  other  severe  injuries  he  had  paralysis  of  the 
circumflex  and  musculo-spiral  nerves  of  the  left  arm,  but  no  hypertesthesia. 
On  the  third  day,  whilst  being  moved  in  bed,  his  head  fell  to  one  side,  and  he 
suddenly  died.  On  examination  after  death,  it  was  found  that  the  second 
cervical  vertebra,  carrying  the  atlas  and  head  with  it,  had  been  dislocated  from 
the  third  (Fig.  333) ;  the  connecting  ligaments  being  completely  torn  through 
on  the  left  side,  so  that  the  head  falling  to  one  side  had  caused  fatal  compression 
of  the  cord. 

Dislocation  of  th.e  Occipital  Bone  from  the  Atlas  has  been  described 
in  two  instances  oidy — by  Lassus  and  by  Paletta.    In  the  case  by  Lassus 
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death  ensued  in  six  hours,  and  the  right  vertebral  artery  was  found  to  l)e  rup. 
tured.  In  the  other  case,  the  patient  is  said  to  have  lived  for  five  days,  but 
the  report  is  so  incomplete  that  little  value  can  be  attached  to  it. 

Dislocation  of  the  Atlas  from  the  Axis  is  of  more  frequent  occurrence. 
It  may  happen  with  or  without  fracture  of  the  odontoid  process.  In  either 
case,  the  atlas  is  carried  forwards  and  the  spinal  cord  thus  compressed.  This 
accident  is  said  to  have  been  caused  by  a  person  in  play  Hfting  a  child  off  the 
ground  by  its  head  ;  the  combination  of  rotation  and  traction  in  this  move- 
ment being  especially  liable  to  occasion  the  accident.  For  the  same  rea.son, 
it  has  been  met  with  in  those  who  have  been  executed  by  hanging.  Death 
would  probably  be  instantaneous  in  these  circumstances.  It  has,  however, 
been  stated  that,  in  dislocations  of  this  kind,  life  has  been  saved  by  the  Surgeon 
placing  his  knees  against  the  patient's  shoulders,  and  drawing  or  twisting  the 
head  into  position.  This,  however,  I  cannot  believe  possible  if  the  displace- 
ment have  been  complete,  as  death  must  be  instantaneous,  the  cases  of 
supposed  dislocation  and  reduction  having  probably  been  instances  of  con- 
cussion of  the  cord  with  sprain  of  the  neck. 

Dislocation  of  any  one  of  the  five  Lower  Cervical  Vertehree  may 
occur.  The  thu-d  vertebra  is  least  frequently  dislocated  ;  the  fifth  is  more 
commonly  displaced  (Fig.  332),  These  injuries  are  usually  associated  with 
fracture  ;  sometimes,  though  rarely,  they  happen  vsdthout  this  compUcation. 
In  these  dislocations,  as  in  those  that  have  already  been  described,  the  dis- 
placed bone  carries  with  it  the  whole  of  that  portion  of  the  vertebral  column 
which  is  above  it.  ^ 

In.  dislocations,  the  articulations  between  the  two  vertebrse  are  torn.  open. 
The  supraspinous  and  interspinous  ligaments,  the  Hgamenta  subflava,  and  the 
common  posterior  ligament,  are  torn  thi-ough,  so  that  the  spinal  canal  is  opened. 
The  intervertebral  fibro-cartilage  may  be  torn,  or  it  may  be  entu-e,  a  scale  of 
the  body  of  the  subjacent  vertebra  being  detached  with  it.  When  the  spine 
above  the  dislocated  part  is  bent  forwards,  a  wide  gap  is  visible  posteriorly,  at 
the  seat  of  injm-y. 

Causes. — The  causes  of  dislocation  are  numerous,  and  the  following  may  be 
given  as  examples.  A  person  standing  in  a  cart  and  driving  under  an  archway 
finds,  too  late,  that  he  is  too  tall  to  clear  the  arch  ;  he  bends  forwards,  but, 
miscalculating  the  distance,  his  head  is  pressed  violently  downwards.  A  per- 
son takes  a  "header  "  into  shallow  water ;  his  head  comes  against  the  bottom, 
is  forcibly  flexed,  and  his  spine  is  broken  or  dislocated.  Such  accidents  are 
not  very  unfrequent.  I  have  seen  several  cases  of  pai'alysis  and  death  resulting 
firom  this  kind  of  injury. 

These  accidents  most  commonly  happen  from  forcible  flexion  of  the  neck, 
though  traction  and  rotation  conjoined  have  occasioned  them.  In  a  case 
of  luxation  of  the  sixth  and  seventh  cervical  vertebraj,  recorded  by  J.  Eoux, 
the  accident  happened  to  a  sailor  plunging  into  the  sea  for  the  pm-pose  of 
bathing,  and  coming  head  foremost  against  a  sail  which  had  been  spread  out 
to  prevent  the  attack  of  sharks  ;  he  died  on  the  fourth  day.  In  a  patient  of 
mine,  who  fell  out  of  a  window  in  such  a  way  that  the  head  was  doubled  for- 
wards upon  the  chest,  and  who  was  brought  to  the  Hospital  with  supposed 
fracture  of  the  spine,  we  found  after  death,  which  occuiTed  on  the  fifth  day, 
that  the  seventh  cervical  vertebra,  carrying  with  it  the  ujiper  portion  of  the 
spine  and  the  head,  had  been  dislocated  forwards  from  the  first  dorsal,  the 
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intervertebral  substance  detaching  with  it  an  extremely  thin  and  small  layer 
of  bone  from  the  body  of  the  seventh  vertebra.  There  was  a  wide  gap 
posteriorly  between  the  lamina.  There  was  no  fracture  about  the  articular 
processes,  which  were  completely  separated  from  one  another.  In  the  instance 
already  referred  to,  in  which  a  man  fell  on  his  head  from  a  van,  and  death  re- 
salted  in  twenty-four  hours,  a  similar  displacement  was  found  of  the  fifth 
from  the  sixth  cervical  vertebra,  with  compression  of  and  hemorrhage  into 
the  substance  of  the  medulla,  and  disorganization  of  it  to  the  extent  of  nearly 
an  inch  opposite  the  seat  of  dislocation,  where  it  had  been  injured  by  the 
forward  pressure  of  the  dislocated  vertebra. 

In  the  Dorsal  Region,  dislocation  of  the  spine,  though  excessively  rare, 
may  occur  ;  seldom,  however,  without  being  accompanied  by  fracture.  The 
liist  dorsal  vertebra  has  been  several  times  found  dislocated  from  the  first 
lumbar  with  rupture  of  the  intervertebral  fibro-cartilage.  In  these  cases, 
liowever,  there  has  usually  been  found  fracture  of  the  transverse  processes  of 
the  first  lumbar  vertebra,  or,  as  in  an  instance  recorded  by  Sir  0.  Bell,  fracture 
of  its  body. 

The  Symptoms  presented  by  dislocations  of  the  spine  are,  like  those  of 
fracture,  dependent  on  the  degree  and  seat  of  the  injury  inflicted  on  the  spinal 
cord.  And  death  will  ensue  at  varying  periods,  according  to  whether  the 
dislocation  is  above  or  below  the  origin  of  the  phrenic  nerves,  in  accordance 
with  those  rules  that  have  been  laid  down  at  p.  812. 

The  Diagnosis  between  a  dislocation  and  a  fracture  of  the  cervical  spine 
is  not  easily  made.  But  there  is  one  symptom  which,  according  as  it  is  present 
(ir  not,  may  throw  much  light  on  this  point.  It  is  the  occurrence  of  pain, 
amounting  to  hypersesthesia,  along  the  line  of  junction  between  the  paralysed 
and  unparalysed  parts.  In  fracture  this  wiU  commonly  be  found  to  be  present 
( p.  818).  In  dislocation,  where  the  nerves  are  not  iixitated  or  lacerated  in 
their  exit  through  the  spinal  column,  it  is  absent. 

The  Treatment  of  dislocation  of  the  spine  resembles  in  all  important 
respects  that  of  fracture  of  the  vertebral  column.  Reduction  has,  however, 
l)een  effected  in  a  sufficient  number  of  cases  to  justify  the  attempt  being  made 
when  the  danger  is  imminent. 

Dislocation  of  the  Transverse  Process  of  the  Cervical  Vertebrae 
'  iccasionaUy  occurs.  The  patient,  after  a  sudden  movement,  or  a  fall  on  the  head, 
fc'els  much  pain  and  stiffness  in  the  neck,  the  head  being  fixed  immovably,  and 
turned  to  the  side  opposite  to  that  on  which  the  displacement  has  occurred. 
In  these  cases  I  have  known  Reduction  effected  by  the  Surgeon  placing  his 
knees  against  the  patient's  shoulder,  drawing  on  the  head,  and  then  turning  it 
into  position,  the  return  being  effected  with  a  distinct  snap. 

Wound  of  the  Theca  Vertehralis. — Holmes  has  recorded  two  cases  in 
which  this  accident  happened  from  the  stab  of  a  penknife  in  the  lumbar  region  ; 
It  one  of  them  the  patient  died.  The  only  characteristic  sign  was  the  escape 
of  cerebro-spinal  fluid  in  large  quantities  from  the  wound. 
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INJURIES  OP  THE  FACE  AND  ADJACENT  PARTS. 

Face. — Outs  about  tlie  Cheelcs  and  Forehead  are  of  common  occurrence. 
These  injuries  present  nothing  peculiar,  except  that  the  structures  of  the  face 
show  the  same  ready  disposition  to  repair  that  characterizes  the  scalp  when 
injured. 

In  the  Treatment  of  these  wounds,  it  is  of  much  consequence  to  have  ii.-. 
little  scarring  as  possible.  The  edges,  after  being  well  cleaned,  should  be 
brought  neatly  into  apposition  by  one  or  more  wire  or  catgut  sutures 
deeply  applied  to  take  the  chief  strain,  and  a  number  of  fine  horsehair  inter- 
rupted sutures  to  bring  the  edges  in  accurate  apposition.  If  the  wound  pene- 
trate to  the  nose  or  mouth,  so  that  there  wiU  be  suflBcient  drainage  from  the 
mucous  surface,  the  skin  may  be  covered  with  collodion  ;  if  not,  a  dry  wool 
dressing  is  the  best. 

When  the  wound  is  in  the  neighbom-hood  of  the  eyehds,  especial  care  must 
be  taken  to  prevent  suppuration,  lest  the  contraction  of  the  cicatrix  produce 
eversion  of  the  hd.  In  those  cases  in  which  a  portion  of  the  nose  or  hp  has 
been  lost,  much  may  be  done  to  repair  the  deformity  by  properly  conducted 
plastic  operations,  such  as  will  be  described  in  Chapter  LVIII.  The  bleeding, 
which  is  usually  very  free  in  wounds  of  the  face,  is  easily  arrested  by  ordinary 
means. 

If  the  Lip  le  cut  from  within,  by  being  struck  against  the  teeth,  the 
coronary  artery  may  be  divided,  the  patient  swallowing  the  blood  that  flows 
into  the  mouth.  Some  years  ago,  a  man  was  brought  to  the  Hospital,  drunk, 
and  much  bruised  about  the  face.  Shortly  after  his  admission  he  vomited 
a  large  quantity  of  blood,  which  was  at  first  supposed  to  proceed  from  some 
internal  injury ;  but,  on  examining  his  mouth,  it  was  found  that  the  blood 
came  from  a  wound  of  the  coronary  artery  of  the  lip. 

Parotid  Duct. — It  occasionally  happens  in  wounds  of  the  cheek  that  the 
j)arotid  duct  is  divided,  in  consequence  of  which  the  wound  does  not  close,  and 
a  trickling  of  saliva  takes  place  upon  the  outside  of  the  cheek  ;  a  Salivary 
Pistula,  which  is  a  source  of  much  disfigurement  and  inconvenience,  being 
established.  The  surface  suiTounding  it  is  puckered  and  somewhat  excoriated, 
and  the  fistula  opens  by  a  granulating  aperture. 

If  from  its  anatomical  situation  a  wound  is  known  to  have  divided  the 
parotid  duct,  the  formation  of  a  fistula  may  be  prevented  by  bringing  the  skin 
surface  accurately  together,  leaving  the  mucous  aspect  of  the  wound  freely 
open  and  covering  the  surface  with  a  piece  of  lint  dipped  in  collodion.  If  the 
divided  ends  of  the  duct  can  be  seen  in  the  wound  it  has  been  recommended 
to  pass  one  end  of  a  fine  piece  of  silver  wire  down  into  the  mouth  and  the 
other  up  the  duct  towards  the  parotid  for  a  short  distance  and  then  through 
the  mucous  membrane  into  the  mouth  ;  the  two  ends  are  then  knotted  together 
inside  the  mouth  and  the  external  wound  closed.    By  this  means  the  continuity 
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of  the  diict  is  maintained  while  the  wonnd  heals,  and  at  the  end  of  a  week  the 
silver  wire  may  be  withdi-awn  by  dividing  the  loop  in  the  mouth.  Should  a 
fistula  form  it  must  be  treated  as  described  in  Chapter  LY. 

Besides  fistula  of  the  Stenonian  duct,  other  fistulous  apertures  may  occur 
in  the  cheek,  as  the  result  of  injury  or  disease,  allowing  the  escape  of  a  small 
quantity  of  saliva.  These  openings  are  always  closed  with  diflaculty  :  the 
edges  becoming  callous,  and  not  readily  taking  on  reparative  action.  Closure 
may  be  efifected  in  some  cases  by  cauterization  with  nitrate  of  silver,  or  with  a 
red-hot  wire.  In  other  cases,  the  electric  cautery  may  prove  successful.  If, 
however,  the  opening  be  free,  with  much  indurated  structure 
about  it,  it  may  be  necessary  to  excise  a  portion  of  the  edges 
before  bringing  them  together. 

Nose. — Foreign  Bodies,  such  as  pebbles,  beads,  dried  peas, 
&c.,  are  occasionally  met  with  in  the  nostrils  of  children, 
having  been  stuffed  up  in  play  and  become  so  firmly  fixed  as 
to  require  extraction  by  the  Surgeon.  In  most  cases  a  bent 
probe  or  an  ear-scoop  will  remove  the  impacted  body  most 
easily.  If  it  be  large  and  soft  it  may  often  be  easily  removed 
with  a  pair  of  forceps,  but  a  hard  smooth  body  is  almost  sure 
to  be  pushed  further  up  with  these  instruments.  It  is  always 
best  to  administer  an  ansesthetic,  otherwise  the  involuntary 
movements  of  the  child  will  greatly  add  to  the  difficulties  of 
the  Surgeon.  If  the  body  be  not  removed  it  may  give  rise 
to  chi'onic  pm-ulent  catarrh  or  even  to  disease  of  the  bones. 

The  Eaes  are  not  unfrequently  ivoimded  in  injuries  of  the 
head  and  scalp  ;  a  portion  of  the  external  ear  being  sometimes 
torn  down  and  hanging  over  the  side  of  the  face.  In  these 
cases,  as  in  scalp-injuries,  the  part  should  never  be  removed, 
but,  however  lacerated  and  contused,  should  be  cleaned  and 
replaced  by  means  of  a  few  points  of  suture.  When  the  car- 
tilaginous portion  of  the  ear  is  divided,  nice  management  is 
usually  required  in  effecting  perfect  union. 

Foreign  Bodies  are  often  pushed  into  the  ears  of  children. 
When  pointed  or  angular,  such  as  pieces  of  stick,  they  may 
readily  be  extracted  with  forceps  provided  they  can  be  clearly 
seen ;  but  when  round  and  smaU,  such  as  pebbles  or  beads,  they 
are  not  so  easily  removed. 

The  foreign  body  may  occasionally  be  removed  by  passing  the 
bent  ear-scoop  round  it.  In  some  cases  I  have  found  an  instrument  (Fig.  334) 
made  by  Coxeter  on  the  model  of  Civiale's  urethral  scoop,  useful  in  extracting 
a  foreign  body  from  the  ear.  It  can  be  introduced  straight  and  passed  beyond 
the  body,  when,  by  the  action  of  a  screw  in  the  handle,  the  scoop  is  curved 
forwards,  and  so  enables  extraction  to  be  readily  effected.  But,  as  a  rule,  it  is 
bad  practice  to  attempt  to  extract  foreign  bodies  from  the  ear  by  means  of 
instruments  ;  in  the  majority  of  cases  the  offending  body  is  best  removed  by 
syringing  the  ear  with  tepid  water,  injected  in  a  full  stream  by  means  of 
a  large  brass  syringe,  the  pimia  being  drawn  up  so  ap  to  straighten  the 
external  meatus.  lu  this  way  the  bead  or  pebble  is  soon  washed  out  by  the 
reflux  of  the  water  striking  against  the  tympanum.  It  may  be  laid  down  as  a 
good  general  rule,  that  if  a  round  or  o^al  body  cannot  be  dislodged  by  syringing 
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it  will  not  be  removed  by  instruments ;  and  if  the  proper  use  of  the  syringe  do 
not  suffice,  it  is  better  to  leave  :natters  alone,  and  to  allow  the  foreigu  body 
to  become  loosened,  when  it  can  be  easily  syringed  out,  than  to  poke  instru- 
ments into  the  ear  with  the  view  of  forcibly  extracting  it.  These  attempts  are 
ill-advised  ;  and  I  have  known  death  from  inflammation  and  suppuration  in 
the  middle  ear  extending  to  the  meninges  of  the  brain,  to  follow  from  prolonged 
and  unsuccessful  efforts  at  the  extraction  of  a  pebble  from  the  ear. 

Orbit. — Injuries  of  the  Orbit  may  be  dangerous,  either  to  the  brain  or 
to  the  eye.  Deep  wounds  directed  upwards  are  always  serious,  on  account  of 
the  proximity  of  the  brain  ;  thus  a  pointed  body,  such  as  a  piece  of  stick,  the 
end  of  an  umbrella,  or  a  knife  thrust  into  the  orbit,  may  perforate  its  superior 
wall,  and  produce  a  wound  of  the  brain  which  may  be  fatal  by  the  cerebral 
inflammation  that  is  induced  ;  or  the  thrust  may  extend  deeply,  and,  lacerating 
the  internal  carotid  artery,  cause  death  from  h^emori'hage.  In  one  remark- 
able case  recorded  by  Nelaton,  a  young  man  was  wounded  by  the  thrust 
of  the  point  of  an  umbrella  in  the  orbit  ;  the  cavernous  sinus  and  internal 
carotid  artery  on  the  opposite  side  were  wounded,  an  arterio-venous  aneurism 
formed,  the  eyeball  became  prominent,  and  death  from  hEemorrhage  eventually 
resulted  from  the  giving  way  of  the  aneurism.  Occasionally  inflammation  is 
set  up  in  the  loose  fat  of  the  orbit,  giving  rise  to  abscess  which  may  point  in 
either  eyelid  ;  or  to  inflammation  which  may  extend  to  the  membranes  of  the 
brain.  In  other  cases,  wounds  of  the  orbit  may  be  followed  by  loss  of  vision, 
without  the  eyeball  being  touched  ;  either  in  consequence  of  injury  of  the 
optic  nerve,  or  at  a  later  period  from  the  division  of  some  of  the  other  nerves 
of  the  orbit  producing  sympathetic  amaurosis,  which  is  said  occasionally  to 
happen  even  from  ordinary  wounds  of  the  face  implicating  some  of  the 
terminal  branches  of  the  fifth  pair. 

Eye. — Injuries  of  the  Conjunctiva. — A  foreign  body  under  the  lids  on 
the  sm-face  of  the  conjunctiva  gives  rise,  as  every  one  knows,  to  the  most 
intense  irritation,  accompanied  by  injection  of  the  conjunctival  vessels,  an 
increased  flow  of  tears,  and  some  swelling  of  the  membrane.  More  severe 
effects  are  produced  by  hme  ;  and  still  more  by  caustic  fluids  or  heated  metal. 
If  they  actually  destroy  the  epithelial  surface  adhesion  may  form  between  the 
lids,  or  opacity  of  the  cornea,  causing  total  blindness,  may  result. 

In  order  to  remove  foreign  bodies  lodged  between  the  ball  and  the  eyehds, 
a  drop  or  two  of  a  solution  of  cocaine  should,  if  possible,  be  first  introduced. 
The  lids  must  then  be  everted  so  that  the  angle  between  the  palpebral  and  the 
ocular  conjunctiva  may  be  properly  examined.  For  this  purpose  the  lower 
eyelid  need  only  be  di'awn  down,  whilst  the  patient  is  directed  to  look  up  ;  but 
the  evorsion  of  the  upper  eyelid  requires  some  skill.  It  is  best  effected  by 
laying  a  probe  horizontally  across  it,  immediately  above  the  tarsal  cartilage  ; 
the  Surgeon  then,  taking  the  eyelashes,  in  the  middle  of  the  lid,  hghtly 
between  his  finger  and  thumb,  draws  the  eyelid  downwards  and  forwards,  at 
the  same  time  that  he  everts  it  by  pressing  the  probe  firmly  backwards  and 
downwards  against  the  eyeball.  The  lid  may  also  be  everted  without  using  a 
probe.  The  method  of  so  doing  is  thus  described  by  Streatfeild.  The 
Surgeon,  standing  before  the  patient,  places  the  end  of  his  forefinger  sideways 
on  the  lid  near  its  outer  edge,  without  involving  any  folds  of  loose  skin  ;  and 
pressing  a  little  on  the  eye,  makes  the  lid  slide  downwards,  as  far  as  possible, 
over  the  lower  lid.  The  lid  (not  the  lashes)  is  then  seized  firmly  with  the  end 
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c)f  the  thumb  applied  sideways  ;  and  the  end  of  the  forefinger  is  turned  down- 
wards, while  the  lid  is  held  firmly  by  the  thumb  and  finger.  The  lid  is  thus 
everted  (Fig.  335).  The  little  operation  cannot,  however,  be  always  done  the 
first  time  it  is  attempted.  The  patient  may  move  back  his  head  just  as  the 
turn  is  to  be  completed  (therefore  the  head  of  the  patient  must  be  steadied  by 
lieing  placed  against  the  wall,  or  the  back  of  his  chair,  or  by  the  other  hand 
behind  it)  ;  or  the  lid  is  not  secured  between  the  finger  and  thumb  before  the 
eversiou  is  attempted  ;  or  the  lashes  only  and  not  the  lid  are  held  ;  or  one 
fears  to  press  the  forefinger  sufficiently  into  the  eye  to  effect  the  eversion.  It 
is  very  much  more  difficult  if  the  patient  be  fat,  or  the  eye  deeply  set.  When 
the  lid  is  everted  the  patient  should  look  down  in  order  that  the  whole  of  the 
upper  part  of  the  conjunctiva,  where  the  foreign  body  will  probably  be  found, 
may  be  carefully  examined.  If  it  be  dirt  or  lime  that  has  to  be  removed,  this 
is  best  done  by  a  small  scoop,  after 
which  the  conjunctiva  may  be  gently 
washed  with  a  stream  of  water.  A 
drop  of  ohve-  or  castor-oil  may  then 
be  put  into  the  eye  and  the  lids 
closed  and  covered  with  a  pad  of  wet 
lint. 

The  conjunctiva  may  also  be  lace- 
rated by  scratches  or  contused  by  blows. 
These  injuries  are  accompanied  by  ex- 
travasation of  blood  beneath  the  mem-    ^.  ■     <-  tt     t  •  1  *      *  <• 

.  .        Fig.  335.— Eversion  of  Upper  Lul  for  Detection  of 

brane.     At  the  same  time  there  is  Foreign  Bodies, 

often  extravasation  into  the  skin  of 

the  lids.  A  "  black  eye  "  is  best  treated  by  the  continuous  application  of  a 
weak  spirit  lotion. 

Injuries  of  the  Eyeball  are  so  commonly  followed  byimpah-ment  or  total 
loss  of  vision,  as  to  constitute  a  most  important  class  of  accidents  ;  the 
delicacy  of  the  structure  of  this  organ  being  such,  that  injury  of  it  is  often 
followed  by  complete  opacity  of  the  lens  or  other  media  and  loss  of  sight. 
The  impairment  of  vision  may  be  the  result  of  direct  violence  applied  to  the 
organ,  injuring  its  more  transparent  parts  or  displacing  the  lens  ;  or  it  may 
arise  indirectly  from  various  causes  which  will  be  presently  described. 

The  injuries  of  the  eye  produced  by  direct  violence,  may  be  divided  into 
contusions  and  wounds. 

Contusion  of  the  Eyeball,  without  rupture  or  apparent  superficial  injury, 
may  give  rise  to  temporary  or  permanent  blindness  from  hgemorrhage  into 
the  retina,  due  to  the  concussion.  This  condition  is  easily  recognizable  by 
means  of  the  ophthalmoscope. 

Contusions  of  the  Eye  with  Rupture  of  some  of  the  Structures 
of  the  Ball  is  a  most  serious  accident.  Most  frequently  the  injury  is  in- 
ternal, the  outer  tissues  escaping  injury.  In  this  case  we  may  have  an  extra- 
vasation of  blood  into  the  eyeball,  completely  filling  the  anterior  chamber, 
hiding  and  complicating  the  deeper  mischief  within  the  globe.  In  other  cases 
there  may  be  htemorrhage  into  the  vitreous  body,  with  or  without  detachment 
of  the  retina.  This  condition,  termed  lupmiophthalmia,  is  frequently  associated 
■with  separation  of  the  ciliary  margin  of  the  iris.  In  other  cases,  the  lens  may 
be  driven  backwards  or  into  the  vitreous  humour,  or  forwards  into  the  pupillary 
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aperture,  or  into  the  anterior  chamber.  In  more  severe  contusions  the  cornea 
may  be  ruptured,  or  more  commonly,  the  sclerotic  gives  way,  the  vitreous  body 
escaping,  and  vision  being  permanently  destroyed.  In  some  rare  cases,  the 
lens  is  displaced  through  a  rent  in  the  sclerotic,  and  lies  under  the  conjunctiva. 
The  exact  nature  of  all  these  injuries  is  necessarily  more  or  less  concealed  at 
first  by  the  extravasated  blood.  As  a  consequence  of  such  accidents,  the  eye 
usually  becomes  inflamed,  Avith  intense  frontal  and  circum-orbital  pain ; 
disorganization  of  the  ball  ultimately  ensuing. 

The  Treatment  of  these  accidents  varies  with  the  degree  of  injury.  Perfect 
rest  of  the  eye  is  essential ;  for  this  purpose,  both  eyes  must  be  closed  for  four 
or  five  days,  after  which  it  may  suffice  to  close  the  injured  eye  only.  If  tlie 
globe  is  not  ruptured,  all  that  can  be  done  is  to  apply  a  pad  of  wet  Hnt  over 
the  eye,  and  leave  the  cure  as  far  as  possible  to  nature.  The  patient  should  be 
kept  quiet  and  on  moderate  diet.  If  there  be  much  pain,  a  few  leeches  may 
be  applied  to  the  temple,  but  the  repeated  general  blood-letting  and  the 
free  administration  of  calomel  and  opium,  formerly  recommended,  are  now 
universally  recognized  as  being  not  only  useless,  but  positively  injurious.  The 
bowels  must  be  regulated  by  the  administration  of  purgatives  when  necessaiw. 
In  some  cases  opaque  masses  and  bands  of  adhesions  will  be  formed  in  the 
anterior  chamber  or  the  pupillary  aperture,  preventing  the  entry  of  light  more 
or  less  completely.  If  the  lens  be  displaced  it  should  be  left  till  the  early 
inflammation  has  subsided.  If  it  be  in  the  anterior  chamber,  it  may  require 
removal,  and  the  same  may  be  necessary  should  it  become  opaque  at  a  later 
period,  even  if  it  have  not  been  displaced.  If  the  cornea  or  sclerotic  be 
ruptured,  any  protruding  iris  or  choroid  must  be  replaced  if  possible,  and  the 
eye  washed  with  a  solution  of  perchloride  of  mercury  (1  in  5000),  closed  and 
covered  with  a  pad  of  wet  boracic  acid  lint,  which  must  be  frequently  changed. 
The  injury  is  often  followed  by  septic  inflammation  and  suppm-atlon  of  "the 
eyeball,  necessitating  removal  of  the  globe. 

Wounds  of  the  Eyeball  may  be  divided  into  those  that  ai-e  merely 
superficial,  and  do  not  penetrate  into  its  chambers  ;  and  those  that  perforate 
its  coats. 

Non-penetrating  Wounds. — Superficial  abrasions  of  the  cornea  or  wounds 
raising  a  small  flap  of  its  epithelial  covering,  such  as  may  sometimes  be  inflicted 
by  scratches  of  the  eyeball  with  the  nails  of  children,  are  extremely  painful 
and  troublesome.  Splinters  of  iron,  or  other  metallic  bodies,  often  become 
fixed  in  the  cornea,  and  cause  constant  irritation  till  they  are  removed. 

In  the  Treatment  of  these  superficial  injuries,  the  first  point  is  to  ascertain 
whether  the  symptoms  are  due  to  a  simple  abrasion  or  to  the  lodgment  of  a 
foreign  body.  If  it  be  a  simple  abrasion,  the  symptoms  will  be  at  once  greatly 
relieved  by  putting  a  drop  of  castor-oil  in  the  eye.  If  a  foreign  body  be 
detected,  it  must  be  removed  immediately.  If  it  be  fixed  in  the  cornea,  as 
commonly  happens,  it  may  be  picked  off"  with  the  point  of  a  lancet  or  cataract 
needle,  or  a  "  spud,"  after  the  eye  has  been  rendered  insensible  by  cocaine. 
If  it  be  a  fragment  of  iron,  it  can  often  be  easily  removed  by  means  of  a 
common  magnet  ;  but  if  it  be  more  deeply  imbedded,  the  plan  successfully 
adopted  by  McIIardy  of 'employing  an  extremely  powerful  electro-magnet,  will 
be  found  very  eflicacious.  It  is  well  to  bear  in  mind  that  a  splinter  of  iron 
often  leaves  a  small  brown  [stain,  which,  however,  usually  disappears  in  the 
course  of  a  few  days. 
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Penetrating-  Wounds  of  the  EyeTball  present  great  variety  ;  they  may 
lie  incised,  as  those  inflicted  by  bits  of  glass,  or  knives,  or  they  may  be 
punctured,  as  by  bits  of  sharp  stick,  or  steel  pens,  or  they  may  be  made,  as 
not  imfrequently  happens  during  the  shooting  season,  by  the  lodgment  of  stray 
AxoL  In  iron-works,  small  splinters  of  metal  not  unfrequently  penetrate  the 
t  ornea.  In  all  cases  these  accidents  are  highly  dangerous  to  vision,  but  this 
i<  especially  the  case  if  the  foreign  body  lodge  in  a  part  of  the  eye  from  which 
it  cannot  be  extracted  ;  sight  is  then  usually  lost.  The  danger  of  incised 
\>.  ounds  usually  arises  either  from  the  eye  being  opened  to  such  an  extent  that 
the  humours  escape,  or  else  that,  the  iris  becoming  engaged  in  a  wound  of  the 
c  irnea,  a  hernial  prolapse  of  it  occurs.  The  more  remote  effects  arise  from 
the  occurrence  of  inflammation  and  suppuration  extending  to  the  whole  globe, 
leading  to  complete  disorganization  of  the  eyeball ;  or  supposing  this  be 
avoided,  there  may  be  an  opaque  cicatrix  in  the  cornea,  or  opacity  of  the  lens 
or  its  capsule  ;  or  else  adhesions  may  form,  stretching  across  the  pupil  and 
adhering  to  the  capsule  of  the  lens,  or  between  the  iris  and  the  cornea. 

The  Treatment  of  penetrating  wounds  must  be  conducted  on  the  same 
principles  as  rupture  of  the  coats.  If  the  iris  have  protruded  through  a 
wound  in  the  cornea,  it  must  be  washed  with  a  solution  of  perchloride  of 
mercm-y  (1  in  5000),  and  be  careftilly  pushed  back,  and  a  drop  or  two  of  the 
solution  of  atropine  put  upon  the  eye.  If  it  cannot  be  returned,  it  may  be 
removed  with  a  pair  of  fine  curved  scissors  ;  and,  at  a  later  period,  anv 
staphylomatous  tumour  that  may  form  should  be  touched  repeatedly  with  a 
pointed  piece  of  nitrate  of  silver.  In  clean  wounds  extending  into  the 
sclerotic,  it  may  be  necessary  to  introduce  a  fine  silk  suture.  If  the  lens  or 
its  capsule  have  become  opaque,  thus  forming  traumatic  cataract,  extraction 
may  be  required  at  a  later  period  of  the  case. 

If  the  eye  be  so  extensively  opened  or  deeply  injured  that  vision  is  irre- 
parably lost,  and  extensive  supptu-ative  inflammation  in  it  and  in  the  structures 
of  the  orbit  is  threatened,  the  sooner  the  globe  is  extirpated  the  better ;  the 
patient  being  thus  saved  much  local  and  constitutional  disturbance,  and  the 
danger  of  sympathetic  affection  of  the  other  eye  being  diminished. 

Indirect  Injury  of  the  Eye  often  follows  injuries  of  the  nervous  system. 
Thus  impairment  of  vision  may  be  produced  by  concussion  of  the  eye-ball 
through  blows  on  the  head  ;  by  injuries  of  the  face  implicating  the  fifth  pair 
of  nerves  ;  by  injury  of  the  spine  ;  or  by  injury  of  the  sympathetic. 

Concussion  of  the  Eye  may  be  produced  by  a  direct  blow  on  the  organ  ; 
or  it  may  be  the  result  of  a  blow  on  some  other  part  of  the  head  or  face.  In 
the  latter  case,  the  injury  is  dependent  on  the  transmission  of  the  force  through 
the  bones  of  the  head  or  face  to  the  structures  within  the  orbit.  The  resulting 
impairment  of  vision  is  at  its  worst  at  the  moment  of  the  injury,  and  either 
slowly  disappears,  or  becomes  permanent  in  consequence  of  the  development  of 
structural  changes  in  the  eye.  That  indirect  violence  may  produce  serious 
lesion  of  the  eye,  is  evident  from  the  fact  that  the  lens  has  been  in  this  way 
dislocated  without  any  direct  injury  having  been  inflicted  on  the  eye  itself. 
Deyber  relates  a  case  in  which  cataract  was  induced  by  a  wound  of  the 
eyebrow  from  a  stone,  the  eye  itself  being  otherwise  uninjured  ;  and  I  have 
seen  cataract  occur  in  an  otherwise  healthy  woman  aged  40,  three  or  four 
months  after  the  receipt  of  a  blow  on  the  malar  bone  in  a  railway  coUision. 
It  also  often  happens  that,  in  cases  of  a  general  shock  to  the  system,  obscm*a- 
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tion  and  impairment  of  vision  gradually  manifest  themselves.  (See  p  S0-> 
et  seq.)  ' 

When  impairment  of  vision  remains  permanent,  or  is  gradually  developed, 
after  concussion,  it  is  due  to  interference  with  the  nutrition  of  the  structures' 
of  the  eye.  In  such  cases,  atrophy  of  the  optic  disc  may  often  be  discovered 
by  ophthalmoscopic  examination.  The  development  of  cataract  after  blows 
on  the  eyebrow  or  cheek  is  to  be  accounted  for  by  the  frontal  or  infraorbital 
branches  of  the  fifth  nerve  being  impHcated  and  irritated,  so  as  to  impair-  the 
nutrition  of  the  globe. 

The  eye  may  suffer  also  in  consequence  of  Wound  or  Irritation  of  the 
Branches  of  the  Fifth  Pair  of  Nerves.*  This  has  long  been  oljserved. 
Hippocrates  speaks  of  loss  of  vision  consequent  on  wounds  of  the  eyebrow  ; 
and  makes  the  very  accurate  observation,  that  the  impairment  is  less  when 
the  wound  is  recent,  but  increases  as  cicatrization  advances.  Fabricius 
Hildanus  and  La  Motte  relate  cases  in  which  blindness  followed  Avounds  of 
the  outer  angle  of  the  orbit.  Morgagni  relates  the  case  of  a  lady  who,  in 
consequence  of  the  overturning  of  a  carriage,  was  wounded  by  some  splinters 
of  glass  in  the  upper  eyelid.  The  eyeball  was  uninjured  ;  but  vision  became 
gradually  impaired,  and  was  almost  lost  by  the  fortieth  day  after  the  accident. 

It  is  by  no  means  necessary  for  the  production  of  impaired  vision  after  injury 
of  parts  of  the  fifth  nerve,  that  there  should  be  an  actual  wound  :  a  simple 
contusion  is  sufiicient.  Wardrop  states  that  it  is  only  when  the  frontal  nerve 
is  wounded  or  injured  and  not  divided,  that  amaurosis  takes  place.  Indeed,  in 
some  cases,  amaurosis  has  been  cured  by  division  of  the  nerve  after  its  partial 
injury.  That  it  is  irritation,  and  not  complete  division  of  the  nerve,  that 
leads  to  loss  of  vision,  is  in  accordance  with  the  view  of  Brown-Sequard,  that 
the  immediate  effects  of  section  of  a  nerve  are  very  different  from  those  which 
are  observed  as  the  result  of  its  irritation. 

The  loss  of  vision  may  come  on  instantaneously,  as  in  a  case  related  by 
Wardrop  of  a  sailor  struck  by  a  ramrod  on  the  eyebrow  ;  after  a  few  days,  as 
in  a  case  recorded  by  Chelius  where  the  loss  of  vision  came  on  eight  days  after 
a  blow  on  the  eyebrow  ;  or  after  a  longer  lapse  of  time,  as  in  most  of  the 
recorded  cases.  In  the  great  majority  of  cases  the  impairment  of  vision  is  at 
first  slight,  and  gi-adually  goes  on  to  complete  loss  of  sight. 

In  what  way  can  irritation  of  a  branch  of  the  trifacial  nerve,  unaccompanied 
by  any  direct  injury  of  the  eyeball  or  the  structures  of  the  orbit,  produce  in- 
stantaneously or  remotely  loss  of  vision  ?  Some  observers  have  attributed  this 
to  the  propagation  of  irritation  along  the  sheath  of  the  nerve  to  the  trunk  of 
the  ophthalmic  division.  But  there  is  no  evidence  of  such  a  propagation ;  and 
this  explanation  would  not  account  for  those  cases  in  w-hich  blindness  suddenly 
supervened.  That  injury  of  the  fifth  nerve  produces  important  changes  in  the 
eye,  has  been  incontcstably  determined  in  late  years  by  the  experiments  of 
Snellen,  Schiif,  Biittner,  Messner,  and  others  ;  and  whether  we  explain  the 
morbid  changes  that  occur  in  the  eye  as  a  consequence  of  the  injury  of  the 
nerve  by  the  supposition  that  "neuro-paralytic  "  inflammation  is  set  up  in 
the  globe,  or  suppose  that  the  surface  by  losing  its  sensibility  becomes  more 
liable  to  the  action  of  external  iiTitants,  matters  little  to  the  practical  Surgeon. 

Wardrop  says  that  "  the  distribution  of  the  first  branch  of  the  fifth  pair  or 


*  See  "  Concussloa  of  Spine,"  Lecture  X.,  p.  233,  el  seq.,  Longmans,  1882,  for  a  full  account  of  these 
injuries. 


EXGISJON  OF  THE  EYEBALL. 


33^ 


ophthalmic  branch  explains  how  wounds' of  the  frontal,  infra- orbital,  and  other 
branches  of  nerves  which  form  anastomoses  with  the  ophthalmic  ganglion,  are 
sometimes  followed  by  amaurosis."  No  doubt  it  is  to  the  intimate  connexions 
that  exist  between  the  frontal  nerve,  the  ophthalmic  division  of  the  fifth,  and 
the  sympathetic  and  ciliary  nerves,  that  we  must  refer  these  various  morbid 
phenomena  resulting  from  its  irritation.  In  what  way  this  irritation  of  the 
IVoutal  nerve  exercises  au  injurious  influence  is  doubtful,  but  the  fact,  as 

stablished  by  clinical  observation,  remains  certain,  that  in  some  cases  it  is 

;ie  primary  and  determining  cause  of  loss  of  vision. 
Excision  of  the  Eyeball.— This  operation  is  thus  performed.  The 


Fig.  336.— a.  Wire-Speculum,    h.  Toothed  Forceps  with  Fine  Points,    c.  Straight  ScisRors. 
d.  Strabismus-Hook.    e.  Scissors  lor  Dividing  Optic  Nerve  in  ExtLrpation  of  the  Eye. 


patient  being  under  the  influence  of  an  anesthetic,  or  the  eye  rendered  in- 
sensible by  cocaine,  an  eye-speculum  (Eig.  336,  a)  is  introduced  ;  the  con- 
junctiva is  then  seized  with  a  pair  of  toothed  forceps  (Fig.  336,  h)  as  close  to 
the  margin  of  the  cornea  as  possible,  and  a  small  opening  made  through  it  by 
means  of  a  rather  blunt-pointed  pair  of  scissors  (Fig.  336,  c).  The  membrane 
is  then  divided  circularly,  always  keeping  close  to  the  corneal  margin.  The 
squint-hook  (Fig.  336,  d)  is  then  passed  beneath  the  tendon  of  one  of  the 
rectus  muscles,  which  is  raised  and  divided,  by  the  scissors  passed  between  the 
hook  and  the  sclerotic.  The  three  other  rectus  muscles  are  then  divided  in  order 
in  the  same  way.  The  oblique  muscles  need  not  be  separately  searched  for, 
and  will  be  divided  with  the  recti.  The  eyeball  is  then  drawn  forwards,  and 
the  ciliary  vessels  and  nerves  passing  into  it  may  be  divided  with  curved 
scissors  (Fig.  336,  e),  until  the  globe  is  attached  solely  by  the  optic  nerve  ; 
lastly  this  is  cut  through  from  the  inner  side  with  the  curved  scissors.  The 
speculum  being  still  retained  between  the  lids,  a  stream  of  cold  carbolic  acid 
(1  in  40)  01'  mercury  lotion  (1  in  1000)  is  allowed  to  drop  slowly  from  a 
sponge  into  the  cavity  of  the  orbit,  by  which  all  bleeding  is  speedily  arrested. 
Streatfeild  recommends  that  a  small  round  sponge  squeezed  out  of  the  carbolic 
lotion,  and  compressed  to  make  it  go  between  the  lids  and  a  little  way  into  the 
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orbit,  should  be  applied  and  kept  firmly  in  position  by  a  linen  l)andage.  This 
will  prevent  any  oozing  of  blood,  and  may  be  left  in  the  cavity  for  a  few 
hours.  It  is  then  removed  and  the  lids  allowed  to  close,  wet  boracic  acid 
lint,  or  lint  moistened  with  any  other  antiseptic  lotion,  being  applied  over 
them  till  the  stump  of  the  eye  is  healed.  Septic  inflammation  in  the  fat  of 
the  orbit  is  the  only  accident  likely  to  happen  after  the  operation,  and  this  is 
scarcely  likely  to  occur  if  ordinary  cleanliness  is  attended  to,  and  care  be 
taken  that  the  lids  do  not  become  glued  together  by  dried  discharges  in  such 
a  way  that  decomposing  matter  can  accumulate  behind  them. 

Mouth. — Wounds  of  the  mouth  are  seldom  met  with,  except  as  the  result  of 
gun-shot  violence.  The  amount  of  injury  done  to  the  soft  structures,  however 
great,  is  usually  only  secondary  to  the  mischief  that  results  to  the  brain,  spinal 
cord,  jaws,  and  skull,  and  must  of  course  be  treated  on  the  ordinary  principles 
of  treatment  of  gun-shot  and  lacerated  wounds. 

Tongue. — Wounds  of  the  tongue  usually  occur  from  its  tip  or  sides  being 
caught  between  the  teeth  during  an  epileptic  fit.  They  have  been  knowu  to 
be  inflicted  by  insane  patients,  in  attempts  to  excise  or  to  bite  off  this  organ. 
Should  the  hsemorrhage  be  free,  it  can  loe  restrained  by  the  application  of  a 
ligature,  or  by  torsion.  The  raw  surface  should  then  be  well  dusted  with 
iodoform.  These  wounds  often  assume  a  sloughy  appearance  for  a  few  days  ; 
they  then  clean  up,  and  granulate  healthily.  It  is  useless  to  bring  the  edges 
together  by  sutures,  which  readily  cut  out.  If,  however,  a  large  portion  of  the 
tip  be  nearly  detached,  it  must  be  supported  in  this  way  ;  but  the  sutures, 
which  should  be  of  silkworm-gut  or  silver  wire,  must  be  thick  and  passed 
deeply.  Pieces  of  tobacco-pipe  are  occasionally  driven  into  and  broken  off  in 
the  substance  of  the  tongue,  and  they  either  give  rise  to  very  free  hsmon-hage, 
or  the  wound  may  close  and  heal  over  the  foreign  body,  the  existence  of  which 
may  not  be  known  to  the  patient.  In  a  case  of  this  kind,  where  a  man  com- 
plained of  much  pain  and  stiffness  in  the  tongue,  with  difficulty  in  degluti- 
tion, I  found  a  hard  swelling  towards  the  base  of  the  organ  ;  and  on  cutting 
down  upon  this  extracted  three  inches  of  the  stem  of  a  clay  pipe,  which  had 
been  lodged  there  for  several  months. 

The  Palate  and  the  Pharynx  are  sometimes  lacerated  by  gun-shot  injuries 
of  the  mouth  ;  or  the  wound  may  result  from  something  that  the  patient 
happens  to  have  between  his  lips  being  driven  forcibly  backwards  into  his 
mouth.  Thus,  a  tobacco-pipe  may,  by  a  blow  on  the  face,  be  driven  deeply 
into  the  substance  of  the  tonsil,  or  perhaps  into  the  pharynx,  wounding  and 
lodging  behind  the  arches  of  the  palate  ;  it  generally  breaks  off  short,  and  the 
fragment  that  is  left  in  gives  rise  to  an  abscess,  and  perhaps  to  ulceration  of 
vessels,  and  fatal  secondary  haemorrhage.  In  a  case  that  was  under  my  care 
some  time  ago,  the  soft  palate  was  nearly  detached  from  the  palate  bones  by  a 
deep  transverse  wound,  caused  by  the  end  of  a  spoon  being  forcibly  driven  into 
the  mouth  ;  good  union  took  place  eventually,  the  parts  having  been  stitched 
together  by  a  few  points  of  suture.  In  some  rare  cases  the  internal  carotid 
has  been  wounded  from  inside  the  mouth. 
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INJUBIES    OF    THE    LARYNX   AND  TRACHEA. 

Fracture  of  the  Cartilages  op  the  Larynx. — The  cartilages  of  the 
[larynx  may  be  broken  and  displaced  by  violent  blows  or  by  a  squeeze,  the 
(fracture  in  some  cases  taking  place  transversely,  in  others  longitudinally. 
I  Digital  examination  will  at  once  detect  the  nature  of  the  injury.  There 
lis  superficial  extravasation  of  blood,  with  pain  and  difficulty  in  breathing, 
s  speaking,  aud  swallowing.  In  some  cases  there  is  spitting  of  blood  with 
[Cough.  Fracture  of  the  larynx  is  an  extremely  dangerous  injury.  Durham 
has  collected  6a  cases  of  which  53  died.  The  great  danger  is  from  asphyxia, 
>  which  may  occur  immediately  as  a  direct  consequence  of  the  displacement 
idue  to  the  fracture,  or  may  come  on  at  a  later  period  as  the  result  of  in- 
Eflammatory  swelling.  lu  some  cases,  simple  concussion  of  the  larynx  without 
ffracture  has  been  known  to  prove  fatal,  apparently  from  shock.  Should 
symptoms  of  serious  dyspnoea  appear  tracheotomy  must  be  performed  without 
:delay  ;  if  not,  attention  to  position  and  support  of  the  injured  parts  will  suffice. 

Wounds  op  the  Throat. — These  are  of  great  frequency  and  importance, 
i  implicating,  as  they  do,  some  of  the  most  important  organs  in  the  body.  They 
tmay  be  divided  into  three  categories  : — 

1.  Those  that  do  not  extend  into  the  Air-  or  Food-passages. 

2.  Those  that  implicate  the  Air-passage,  with  or  without  injury  of  the 
'  (Esophagus. 

3.  Those  that  are  accompanied  by  injury  of  the  Spinal  Cord. 

These  injuries  are  most  commonly  suicidal,  and  may  be  inflicted  with 
:  every  variety  of  cutting  instrument ;  except  where  the  spinal  cord  is  injured, 
t  which  must,  in  cases  of  suicide,  be  the  result  of  gun-shot  wound,  and  is  neces- 
>sarily  fatal.    Though  incised,  they  are  often  jagged,  and  partake  somewhat  of 
the  character  of  lacerated  wounds,  with  great  gaping  of  the  edges. 

1.  Wounds  not  extending  into  the  Air-  or  Food-passages. — In  these 
;  there  is  very  free  and  even  fatal  hfemorrhage,  and  this  sometimes  though 
none  of  the  larger  arterial  or  venous  trunks  have  been  divided  ;  the  blood 
flowing  abundantly  from  the  venous  plexuses  or  from  the  thyroid  body 
'When  the  wound  is  low  down.     If  the  larger  arteries  be  touched,  as  the 
-carotid  and  its  primary  branches,  the  h£emorrhage  may  be  so  abundant  as 
to  give  rise  to  almost  instantaneous  death.     Another  source  of  danger  in 
these  cases  proceeds  from  the  admission  of  air  into  the  veins  of  the  so-called 
"  dangerous  region  "  of  the  neck.    For  this  a  free  wound  is  by  no  means 
necessary,  as  is  proved  by  a  remarkable  case  that  occurred  some  years 
ago  near  London,  in  which  the  introduction  of  a  seton  into  the  fore  part  of 
the  neck  was  followed  by  death  from  this  cause. 
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Wonnds  of  the  internal  jugular  vein  are  necessarily  very  dangerous.  There 
is  not  only  the  ordinary  risk  of  primary  haemorrhage  from  a  vessel  of  such  large 
size,  but  the  special  danger  of  the  introduction  of  air  into  it ;  should  these 
evils  be  safely  got  over,  the  secondary  ones  of  recurrent  hasmorrhage,  diffuse 
inflammation,  and  pya3mia,  may  yet  have  to  be  encountered.    Ligature  of 
the  vessel  above  and  below  the  wound  in  it,  exactly  as  if  it  were  an  artery  that 
had  been  opened,  is  the  only  course  that  can  be  safely  pursued,  unless  the 
opening  be  merely  a  puncture,  when  it  may  be  picked  up  and  tied  without  : 
occluding  the  lumen  of  the  vessel.    In  one  case,  I  saw  and  heard  air  enter  the  ; 
vein  as  it  was  being  raised  for  the  passage  of  the  Hgature,  but  the  patient  made  • 
a  quick  recovery. 

The  large  nerves,  such  as  the  vagus  and  phrenic,  can  scarcely,  in  a  suicidal  I 
wound,  be  divided  without  fatal  injury  to  tlae  neighbouring  vessels,  but  they  i 
may  be  injured  by  stabs  or  gun-shot  wounds.  The  division  of  the  nerves  on 
one  side  only,  or  even  of  one  of  them,  may  be  fatal  in  man,  by  interfering  with 
the  proper  performance  of  the  respiratory  act.  In  a  case  with  which  T  am 
acquainted,  where  the  phrenic  nerve  was  divided  during  ligature  of  the  sub- 
clavian artery,  death  resulted  in  a  few  days  from  congestion  of  the  lungs. 
Sadler  has  however  recorded  a  case  of  division  of  one  pueumogastric  in  a 
punctured  wound  in  which  recovery  took  place  without  serious  symptoms. 

In  the  Treatment  of  wounds  of  the  neck  of  this  category,  the  principal  1 
points  to  be  attended  to  are,  in  the  first  place,  the  arrest  of  hsemorrhage  by  j 
the  ligature  of  all  bleeding  vessels,  whether  arterial  or  venous  ;  and,  secondly, 
bringing  together  the  lips  of  the  wound.  This  is  best  done  by  a  few  points  of 
suture  and  by  position.  If  the  wound  is  transverse,  the  head  should  be  fised, 
with  the  chin  almost  touching  the  sternum,  and  retained  in  this  posture  by 
tapes  passing  from  a  nightcap  to  a  piece  of  bandage  fixed  round  the  chest.  I 
have  had  under  my  care  one  case  in  which,  owing  to  the  projection  and 
mobility  of  the  larynx,  the  wound  did  not  unite,  a  large  and  deep  gap  being 
left,  which  required  a  series  of  plastic  operations  in  order  to  effect  its  closure.  . 

2.  Wounds  implicating  the  Air-passage. — Wound  of  the  air-passage  is 
common,  and  is  revealed  in  suicidal  attempts  by  the  air  being  heard  and 
seen  to  bubble  in  and  out  of  the  wound  during  respiration.  These  wounds 
vary  much  in  extent,  from  a  small  puncture  with  the  point  of  a  penknife  to  a 
cut  extending  completely  across  the  throat,  and  even  notching  the  vertebrae. 
They  are  frequently  complicated  with  injuries  of  the  larger  vessels  and  nerves, 
and  sometimes  with  wound  of  the  oesophagus.  Most  commonly  the  cut  is 
made  high  up  in  the  neck  ;  for  the  suicide,  thinking  that  it  is  the  opening 
into  the  air-passage  that  destroys  life,  draws  the  razor  across  that  part  of  the 
throat  where  this  is  most  prominent  and  easily  reached ;  and  thus,  through  not 
wounding  the  larger  vessels,  which  are  saved  by  the  projection  of  the  larynx, 
frequently  fails  in  accomplishing  his  object. 

These  wounds  occur  in  four  situations  :  above  the  Hyoid  Bone  ;  in  the 
Thyro-hyoid  Space  ;  through  the  Laiynx  ;  and  through  the  Trachea. 

The  wound  may  be  made  above  the  Hyoid  Bone,  the  cut  extending  into 
the  mouth  and  wounding  the  root  of  the  tongue.  A  wound  in  this  situation  is 
usually  attended  with  much  hcemorrhage  ;  and  there  is  great  trouble  in  feeding 
the  pntient,  as  the  power  of  swallowing  is  completely  lost. 

The  wound  mny  be  inflicted  in  the  Thyro-hyoid  Space,  laying  the  plmrynx 
open,  but  being  altogether  above  the  larynx.  This  is  the  most  common  situation 


COMPLICATIONS  AND  DANGERS. 


837 


for  suicidal  attempts.  In  many  cases,  the  incisiou  is  carried  so  low  as  to  shave 
off  or  partly  to  detach  the  epiglottis  aud  the  folds  of  mucous  membrane  around 
it.  In  other  cases,  the  edges  of  the  glottis  or  the  arytsenoicl  cartilages  are 
injured,  the  cut  extending  back  to  the  bodies  of  the  yertebrtTB.  Here  also  there 
are  great  diiBculty  in  swallowing  and  great  risk  of  the  sudden  supervention  of 
(ledema  of  the  glottis,  and  consequent  suffocation. 

When  the  Larynx  is  wounded  the  incision  is  usually  transverse ;  but  I  have 
>:een  a  longitudinal  cut  made  through  the  larynx,  so  as  to  split  the  thyroid  and 
cricoid  cartilages  perpendicularly.  In  these  cases  of  wounded  larynx,  there  is 
much  danger  of  the  blood  from  the  superficial  parts  trickling  into  the  air- 
passage  and  asphyxiating  the  patient,  and  of  inflammation  of  the  bronchi  and 
longs  supervening  at  a  later  period. 

"Wounds  of  the  Trachea  are  not  so  common  as  those  of  the  larynx,  from 
which  they  differ  but  little  in  the  attendant  dangers. 

The  ffisophagus  is  seldom  wounded,  and  such  wounds  still  more  rarely 
come  under  the  care  of  the  Surgeon,  as  it  can  be  reached  only  through  the 
trachea  by  a  deep  cut,  which  will  probably  implicate  the  large  vessels. 

Effects. — There  are  various  sources  of  danger  in  wounds  of  the  neck  im- 
plicating the  air-passage.  The  hcBmorrhage,  whether  it  proceed  from  any  of 
the  larger  trunks,  or  consist  of  general  oozing  from  a  vascular  surface,  may 
prove  fatal  either  directly  by  the  amount  of  blood  lost,  or  indirectly  in  conse- 
quence of  the  blood  trickling  into  the  air-tube,  and  by  accumulating  in  its 
smaller  divisions,  producing  suffocation. 

Asphyxia  may  supei'vene,  either  in  the  way  already  mentioned,  or,  when  the 
wound  has  been  inflicted  above  the  larynx,  from  the  occurrence  of  oedema  of 
the  glottis..  It  may  likewise  occur  when  the  external  opening  is  very  small, 
and  occasionally  happens  suddenly  when  the  wound  is  nearly  closed. 

Another  source  of  danger  is  the  loss  of  the  natural  sensibility  of  the  glottis  in 
consequence  of  which  it  no  longer  contracts  on  the  application  of  a  stimulus. 
Hence  food  taken  in  by  the  mouth  may  pass  into  the  larynx  and  appear  at 
the  external  wound,  though  neither  the  pharynx  nor  the  oesophagus  has  been 
wounded.  This  I  have  observed  in  many  cases  of  cut  throat ;  hence  the 
presence  of  food  in  the  wound  cannot  in  all  cases  be  considered  an  evidence  of 
injury  to  the  food  passage.  In  some  cases  this  may  be  due  to  wound  of  the 
superior  laryngeal  nerve,  but  it  quite  as  frequently  occurs  in  cases  in  which 
it  is  certain  that  this  nerve  is  uninjured.  It  is  then  a  bad  sign,  and  is  never 
met  with  until  a  semi-asphyxial  condition  has  come  on,  by  which  nervous 
irritability  is  blunted,  or  until  inflammation  has  been  set  up  about  the  rima 
glottidis,  giving  rise  to  so  much  swelling  as  to  interfere  with  the  natural 
action  of  the  muscles,  and  to  deaden  the  perception  of  the  part  to  the  contact 
of  a  foreign  body.  In  these  cases  also  the  sensibility  of  the  air-passage  gene- 
rally is  much  lowered,  so  that  mucus  accumulates  in  the  bronchi,  even  to  a 
dangerous  extent,  the  patient  not  feeling  the  necessity  for  expectoration,  and 
often,  indeed,  having  much  difficulty  in  emptying  his  chest ;  his  efforts  at 
clearing  the  bronchi  being  reduced  to  a  forced  expiration,  a  true  cough  being 
impossible  while  the  wound  is  open  below  the  glottis. 

The  occurrence  of  hronchitis  and  septic  broncho-pneumonia  is  a  li'equent 
cause  of  death  in  patients  who  survive  the  immediate  effects  of  the  wound. 
This  is  due  in  many  cases  partly  to  the  direct  admission  of  cold  air,  without 
its  being  warmed  by  passing  through  the  nasal  cavities,  but  much  more  often 
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it  results  from  the  inhalation  of  the  septic  dischai-ges  from  the  wound.  At  | 
the  post-mortem  examination  of  these  cases  the  bronclii  are  found  intensely 
injected  ;  the  lungs  are  as  a  rule  swollen  and  oedematous  throughout,  and 
here  and  there  patches  of  consolidation  will  be  felt.  On  cutting  into  these 
they  will  be  breaking  down  and  softening  in  the  centre,  sometimes  forming 
cavities  almost  like  abscesses.  They  differ,  however,  from  the  secondary 
abscesses  of  pya3mia  in  being  scattered  through  the  lung  and  not  specially  on 
the  surface  ;  and  if  a  patch  be  found  in  an  early  stage,  it  will  be  seen  that 
there  is  no  hcemorrhagic  infarct  preceding  the  softening,  but  that  the  air- 
vesicles  are  distended  with  opaque  puriform  secretion,  and  that  the  cavities 
are  formed  by  the  coalescence  of  the  distended  air-vesicles  through  destruction 
of  their  walls.  The  pathology  of  the  process  seems  to  be  that  septic  matter 
fi'om  the  wound  is  inhaled  and  lodges  in  the  smaller  bronchi  where  it  sets  up 
acute  purulent  catarrh  with  decomposition  of  the  secretions.  The  decomposing 
secretions  excite  inflammation  terminating  in  gangrene  of  the  suiToundLng  1 
tissue  of  the  lung.  In  some  cases  extensive  areas  of  the  lung  may  thus 
become  gangrenous. 

The  depressed  mental  condition  of  the  patient  also  is  usually  unfavourable  to 
recovery  in  all  those  instances  in  which  the  wound  is  suicidal. 

Treatment. — The  same  general  principles  are  required  as  in  the  manage-  • 
ment  of  those  wounds  of  the  throat  that  do  not  open  up  the  mucous  canals  in  1 
this  region.    Haemorrhage  must  be  arrested  by  ligatm'e  of  all  the  bleeding  : 
vessels,  whether  arteries  or  veins,  so  that  no  oozing  or  trickling  into  the  wound 
may  take  place.    In  some  cases  the  haemorrhage  consists  principally  of  general  I 
venous  oozing  which  cannot  be  stopped  by  ligature,  the  patient  drawing  a 
large  quantity  of  blood  into  the  air-passage  through  the  wound.    In  these 
circumstances  I  have  found  it  useful  to  introduce  a  large  silver  tube  into  the 
aperture  in  the  windpipe,  and  to  plug  the  wound  around  it.    As  soon  as  the 
bleeding  has  fairly  ceased,  the  plugs  and  the  tube  must  be  removed. 

The  wound  should  be  then  weU  dusted  with  iodoform,  after  which  the 
edges  must  be  brought  together  by  a  few  stitches  introduced  at  the  sides,  and 
by  attention  to  position,  the  head  being  fixed  by  tapes  as  described  at  p.  83  G. 
In  these  cases  the  wound  should  never  be  closely  sewn  up,  nor  should  stitches  be 
introduced  into  the  centre  of  the  cut.  If  the  integuments  in  the  middle  line 
be  closely  drawn  together,  coagula  may  accumidate  behind  them,  in  the  deeper 
parts  of  the  wound,  so  as  to  occasion  a  risk  of  suffocation ;  and,  as  the  wound 
must  eventually  close  by  granulation,  no  material  advantage  can  possibly  be 
gained  by  this  practice.  There  is  one  exception,  however,  to  this  rule.  lu 
cases  in  which  the  trachea  has  been  completely  cut  across,  a  stitch  or  two  on 
each  side  of  the  tube  is  necessary,  in  order  to  prevent  the  Avide  separation  of 
the  two  portions  that  would  otherwise  take  place,  owing  to  the  great  mobility 
of  the  larynx  and  upper  end  of  the  windpipe. 

In  order  to  lessen  the  liability  to  inflammation  of  the  lungs,  the  patient 
should  be  put  into  a  room,  the  temperature  of  which  is  raised  to  about 
70°  Fahr.,  with  a  piece  of  lightly  folded  muslin,  acting  as  a  filter,  laid  over 
the  wound.  As  soon  as  the  cut  surfaces  begin  to  granulate,  the  edges  of  the 
wound  may  be  brought  into  apposition  by  strips  of  plaster,  and  a  comjjress 
if  necessary.  During  the  treatment,  the  principal  danger  proceeds  from 
inflammatory  affections  of  the  chest ;  these  must  accordingly  be  counteracted 
by  the  tenq)erature  in  which  the  patient  is  placed,  and  by  making  every  eflbrt 
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to  prevenb  as  far  as  possible  the  accumulafciou  of  decomposing  discharges 
about  the  Avound,  for  which  purpose  iodoform  is  most  useful.  It  must  be 
remembered  that  the  mental  depression,  and  the  bodily  exhaustion  from 
loss  of  blood,  that  are  common  in  these  cases,  do  not  allow  of  any  lowering 
treatment. 

The  administration  of  food  always  requires  much  attention.  As  a 
creneral  rule,  the  patient  should  be  kept  on  a  nourishing  diet,  with  a  mode- 
rate allowance  of  stimulants.  If,  as  not  uncommonly  happens,  the  food- 
passage  be  opened  in  consequence  of  the  wound  extending  into  the  mouth,  the 
pharynx,  or  the  oesophagus,  it  is  of  course  impossible  for  the  patient  to  swallow, 
and  the'  administration  of  nourishment  becomes  very  diificult.  It  is  best 
accompUshed  by  means  of  a  gum-elastic  catheter  passed  through  the  mouth 
into  the  gullet  or  stomach.  This  is  easier  than  passing  the  instrument  through 
the  nose,\nd  much  better  than  introducing  it  through  the  wound.  In  this 
way  a  pint  or  more  of  the  strongest  beef-tea  or  soup,  mixed  with  two  or  three 
eggs,  and  having  an  ounce  or  two  of  brandy  added  to  it,  should  be  injected 
regularly  night  and  morning,  until  the  patient  is  able  to  swallow.  In  those 
ca'ses  in  which  the  wound  is  above  the  larynx,  there  is  occasional  danger  of  the 
supervention  of  oedema  of  the  glottis  ;  should  this  occur,  tracheotomy  may  be 
necessary  to  prolong  the  patient's  life. 

As  consequences  of  wounds  of  the  throat,  we  occasionally  find  stricture  of 
the  trachea,  or  aerial  fistula.  If  the  vocal  cords  have  been  injured,  loss  of 
voice  may  follow. 

Aerial  Fistula  may  sometimes  form  owing  to  the  skin  doubling  in  and 
becoming  adherent  to  the  edges  of  the  wound  in  the  air-tube,  and  most  fre- 
quently occurs  when  the  cut  is  in  the  thyro-hyoid  space  ;  adhesion  taking 
place  between  the  inverted  integuments  and  the  os  hyoides  above,  and  the 
surface  of  the  thyroid  cartilage  below.  The  same  may  occur  in  the  crico- 
thyroid space,  and  indeed  at  any  part  of  the  larynx  that  has  been  opened. 
"Wlien  this  happens,  the  fistula  tends  to  remain  patent.  In  these  circum- 
stances, I  have  found  the  following  operation  successful. 

The  edges  of  the  fistulous  opening  having  been  freely  pared,  and  the  knife 
passed  under  them  for  some  distance  so  as  to  detach  them  from  the  subjacent 
parts,  a  vertical  incision  is  made  through  the  lower  lip  of  the  opening,  so 
as  to  split  it  downwards.  Two  points  of  suture  are  then  inserted  into  each 
side  of  the  horizontal  incisions,  bringing  their  edges  into  contact,  but  the 
vertical  cut  is  left  free  for  discharges  and  mucus  to  drain  through,  and  for 
the  expired  air  to  escape,  lest  emphysema  occur.  Unless  this  outlet  be 
afforded,  these  fluids  will  burst  through  the  sutures,  and  thus  destroy  union  of 
the  edges. 

It  is  not  in  every  case  that  an  aerial  fistula  can  be  safely  closed.  In  some 
Instances  the  larynx  becomes  contracted  either  by  drawing  in  of  the  wound,  or 
by  thickening  of  the  mucous  membrane  above  the  artificial  opening  to  such 
an  extent  that  the  fistula  becomes  essential,  for  the  purposes  of  respiration. 
In  such  circumstances,  any  attempt  at  closing  it  will  be  followed  by  symptoms 
of  impending  asphyxia  ;  and  it  may  be  necessary  to  leave  the  opening  free,  or 
even,  as  happened  in  a  case  under  my  care,  in  which  an  opening  was  left  in 
the  crico-thyroid  membrane  of  a  girl  who  had  attempted  suicide  by  cutting 
her  throat,  to  enlarge  the  opening  and  introduce  a  silver  tube. 

Foreign  Bodies  in  the  Air-Passage. — A  great  variety  of  substances 
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ha^'e  been  found  in  the  air-passage  :  such  as  nut-shells,  beans,  cherry-stoncB, 
teeth,  meat,  money,  buttons,  pins,  fish-bones,  bullets,  pills,  pebbles,  and  pieces 
of  stick.  These  foreign  bodies  are  not  introduced  into  the  air-passage  by  any 
effort,  of  deglutition,  ibr  no  substance  can  be  swallowed  through  the  glottis  ; 
but  they  are  inhaled;  thus,  if  a  person,  whilst  holding  anything  in  his  mouth, 
make  a, sudden  inspiration,  the  current  of  air  may  draw  it  between  the  dilated 
lips  of  the  glottis  into  the  larynx. 

The  symptoms  vary,  according  to  the  situation  in  which  the  foreign  body  is 
lodged,  its  nature,  and  the  time  that  has  elapsed  since  the  occurrence  of  the 
accident.  The  foreign  body  may  lodge  in  one  of  the  ventricles  of  the  larynx; 
if  light,  it  may  remain  in  the  trachea,  and  be  caijied  up  and  down  by  the  move- 
ment of  the  air  in  expiration  and  inspiration  ;  if  too  heavy  for  this,  it  will  fall 
into  one  or  other  of  the  primary  divisions  of  the  trachea,  and,  as  Aston  Key 
has  observed,  will  most  commonly  be  found  in  the  right  bronchus.  The 
explanation  of  this  has  been  pointed  out  by  Gray,  who  states  that  on  making  a 
transverse  section  of  the  trachea,  and  taking  a  bird's-eye  view  of  the  bifurca- 
tion, the  septum  will  be  seen  to  be  considerably  to  the  left  of  the  middle  line ; 
so  that  any  foreign  body  falling  down  the  trachea  would  naturally  have  a 
greater  chance  of  entering  the  right  than  the  left  bronchus,  although  the  left 
bronchus  is  in  a  more  direct  line  with  the  trachea  than  the  right.  The 
greater  size  of  the  right  bronchus  would  also  favour  the  entrance  of  a  foreign 
body  into  it.  If  the  substance  be  small,  it  may  pass  into  one  of  the  secondary 
divisions  of  the  bronchi ;  and,  if  it  continue  lodged  here  for  a  sufficient 
length  of  time,  may  make  a  kind  of  cavity  for  itself  in  the  substance  of  the 
lung,  where  it  may  either  excite  supijuration  round  it  or  become  encysted. 

The  Symptoms  may  be  divided  into  three  stages  :  1.  Obstruction,  immt- 
diately  following  the  introduction  of.  the  substance ;  2.  Irritation,  produced  by 
its  presence  ;  and  3.  Inflammation,  coming  on  at  a  later  period. 

1.  Symptoms  of  O'bstruction. — The  immediate  symptoms  vary  somewhat 
according  to  the  size  and  nature  of  the  foreign  body,  and  the  pai-t  of  the  air- 
tube  that  it  reaches.  In  all  cases  there  is  a  feeling  of  intense  suffocation, 
with  great  difficulty  of  breathing,  and  violent  fits  of  spasmodic  coughing,  often 
attended  by  vomiting ;  during  which  the  foreign  body  may  be  expelled.  Indeed, 
its  partial  entry  and  immediate  extrusion  by  coughing  are  not  uncommon.  In 
some  cases  immediate  death  may  ensue  at  this  period  from  obstruction  of 
the  glottis.  If  the  body  have  entered  the  air-passage  fully,  there  is  violent 
coughing,  with  feeling  of  suffocation  for  an  hoiu"  or  two,  accompanied  by 
lividity  of  the  face,  great  anxiety,  and  sense  of  impending  death.  There  is 
also  usually  pain  about  the  episternal  notch.  The  symptoms  then  gradually 
subside,  but  any  movement  on  the  part  of  the  patient  brings  them  on  again 
with  renewed  violence.  All  these  symptoms  are  most  severe  if  the  foreign 
body  remain  in  the  larynx  ;  the  voice  being  then  croupy,  irregular  in  tone,  or 
altogether  lost.  If  it  be  lodged  elsewhere,  as  often  as  it  is  coughed  up  and 
strikes  against  the  interior  of  the  larynx,  an  intense  feeling  of  suffocation  is 
produced  ;  and  if  it  happen  to  become  impacted  there,  sudden  death  may 
result,  even  though  it  be  not  of  sufficient  size  to  block  up  the  air-passagt. 
apparently  by  the  spasm  that  is  induced.  Many  years  ago  I  saw  a  boy  die 
before  tracheotomy  could  be  performed,  in  consequence  of  a  flat  piece  of 
walnut-shell  that  had  entered  the  trachea  being  suddenly  coughed  up,  and 
becoming  impacted  in  one  of  the  ventricles  of  the  larynx.    The  symotoms, 
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during  this  period,  are  much  less  severe  when  the  foreign  body  is  in  the 
trachea  or  bronchi.  . 

When  there  is  a. suspicion  that  the  foreign  body  is  lodged  in  the  larynx,  a 
laryugoscopic  examination  should  be  made,  when  it  may,  perhaps,  if  large— as 
a  plate  with  false  teeth— be  seen  between  the  vocal  cords.  Small  bodies  also 
have  several  times  been  detected  in  this  way  lodging  in  one  of  the  ventricles 
of  the  lai-ynx' 

2.  Symptoms  of  Irritation. — When  the  foreign  body  has  passed  into  the 
air-passage,  and  the  immediate  eifects  produced  by  its  introduction  have 
subsided,  another  set  of  symptoms,  dependent  on  the  irritation  produced  by 
it,  is  met  with  ;  and  it  is  during  the  occurrence  of  these  that  the  patient  is 
most  generally  brought  under  the  Surgeon's  observation. 

The  G-eneral  Symptoms  consist  of  occasional  fits  of  spasmodic  cough 
accompanied  by  much  difficulty  of  breathing,  a  feeling  of  sulfocation,  and  an 
appearance  of  urgent  distress  in  the  countenance.  These  attacks  do  not  occur 
Avhen  the  patient  is  tranquil,  but  come  on  whenever  the  foreign  body  is 
coughed  up  so  as  to  strike  the  larynx,  and  the  upper  and  more  sensitive  parts 
of  the  air-passage.  As  a  general  rule,  the  distress  is  less,  the  lower  the 
substance  is  lodged  ;  the  sensibility  of  the  lower  portion  of  the  trachea  and 
that  of  the  bronchi  being  much  less  acute  than  that  of  the  larynx  and  of  the 
upper  part  of  the  trachea.  In  consequence  of  the  irritation,  there  is  usually 
abundant  expectoration  of  frothy  mucus.  These  symptoms  often  remit  for  a 
time,  more  particularly  if  the  foreign  body  become  fixed.  In  some  cases, 
indeed,  there  appears  to  be  so  little  distress  some  days  after  the  accident,  that 
considerable  doubt  may  exist  whether  any  foreign  body  really  be  lodged  in  the 
air-passage  or  in  the  lungs  ;  and  much  valuable  time  is  often  lost  by  the 
indisposition  of  the  Surgeon  to  adopt  active  measures. 

The  PhysiQal  Signs  depend  necessarily  upon  the  situation  of  the  foreign 
body.    If  this  be  loose  and  floating,  it  may  be  heard,  on  applying  the  ear  to 
the  chest,  moving  up  and  dovvn,  and  occasionally  striking  against  the  side  of 
the  trachea.    If  it  be  fixed,  it  will  necessarily  give  rise  to  a  certain  degree  of 
obstruction  to  the  admission  of  the  air  beyond  it,  perhaps  occasioning  sibilant 
or  sonorous  rhonchi  during  either  inspiration  or  expiration  or  both.    If  it  be 
impacted  in  the  larynx,  the  voice  will  be  hoarse  and  croupy,  and  there  will 
be  a  loud  rough  sound  in  respiration,  with  much  spasmodic  cough  and 
distress  in  breathing.    If  it  be  impacted  in  one  bronchus,  the  physical  signs 
wiU  vary  according  to  circumstances.    If  the  foreign  body  be  angular  or 
■perforated  a  peculiar  sibilant  and  whistling  noise  may  be  heard  as  the  air 
passes  over  or  through  it.    If  the  foreign  body  completely  obstructs  the 
bronchus,  the  respiratory  murmur  will  be  wanting  on  the  side  on  which  it 
is  lodged.    As  a  rule  the  obstruction  is  somewhat  valvular  in  character, 
allowing  a  little  air  to  be  forced  out  during  expiration  but  none  to  enter  in 
inspiration,  and  extreme  collapse  of  the  affected  lung  may  thus  arise.  There 
will  then  be  absolute  dulncss  on  percussion,  with  deficiency  on  measurement 
and  a  want  of  expansion  during  inspiration.    In  otlier  cases  in  which  the 
form  of  the  foreign  body  is  such  as  not  to  obstruct  the  bronchus,  the  physical 
signs  will  be  much  less  marked.    If  one  of  the  subdivisions  of  either  bronchus 
be  occupied  by  the  foreign  body,  the  entrance  of  air  will  be  prevented  in  the 
corresponding  lobe  of  that  lung,  tliough  it  enter  freely  every  other  part  of  the 
chest. 
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3.  Inflammation. — After  a  foreign  body  has  been  lodged  for  a  day  or  two, 

inflammation  of  the  bronchi  or  lungs  is  apt  to  be  set  up  ;  in  some  cases,  how- 
ever, this  occurs  only  after  a  considerable  time  has  elapsed,  or,  perhaps,  not  at 
all — much  depending,  of  course,  on  the  shape  and  character  of  the  irritant.  If 
the  foreign  body  completely  obstruct  one  bronchus,  the  corresponding  lung 
becomes  gradually  collapsed  ;  and  after  a  time  abscesses  form  in  it,  apparently 
in  consequence  of  the  retention  of  the  natural  secretion  in  the  smaller  bronchi 
and  air-vesicles.  If  it  continue  to  lodge,  it  generally  forms  for  itself  a  cavity 
in  the  substance  of  the  lung,  whence  purulent  and  bloody  matters  are  con- 
tinually expectorated,  mitil  the  patient  dies  of  phthisis  in  the  course  of  a  few 
months,  or  a  year  or  two.  Occasionally,  however,  the  substance  has  been 
coughed  up  after  a  very  long  lodgment,  the  patient  recovering. 

Prognosis. — This  dejpends  more  upon  the  nature  of  the  foreign  body  and 
its  size  than  on  any  other  circumstance.  If  it  be  rough,  angular,  and  hard, 
there  is  necessarily  much  more  risk  than  if  it  be  soluble  in,  or  capable  of 
disintegration  by,  the  mucus  of  the  air-passage.  So  long  as  the  foreign 
body  is  allowed  to  remain,  the  patient  is  in  imminent  danger,  either  from 
immediate  and  sudden  suffocation,  or  fi'om  inflammation  at  a  more  remote 
period. 

The  danger  depends  greatly  upon  the  length  of  time  during  which  the  body 
is  allowed  to  lodge.  Of  62  cases  which  I  collected  in  1850  (4  of  which  had 
fallen  under  my  own  observation),  I  found  the  time  that  the  foreign  body  was 
allowed  to  remain  in,  and  the  result  of  the  case,  stated  in  49  instances. 
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8 



2 

4: 

1 

Between  48  hours  and  1  week  

13 

7 

Between  1  week  and  1  month     .       .  ... 

8 

4 

4 

Between  1  month  and  3  months  .... 

3 

0  1 

Between  8  months  and  1  year  

6 

4 

2  ; 

7 

4 

3  i 

Total  

4!) 

30 

19  i 

From  this  it  would  appear  that,  if  the  patient  escaped  the  danger  of  the 
immediate  introduction,  the  greatest  risk  occurred  between  the  second  day  and 
the  end  of  the  first  month,  no  fewer  than  11  patients  out  of  21  dying  during 
this  period  ;  and  then  that  the  mortality  diminished  until  the  third  month, 
from  which  time  it  increased  again. 

The  cause  of  death  varies  also  according  to  the  period  at  which  the  fatal 
result  takes  place.  During  the  first  twenty-fom*,  and,  indeed,  forty-eight 
hours,  it  happens  from  sudden  asphyxia  and  convulsions.  During  the  first 
few  weeks  it  is  apt  to  occur  from  inflammatory  mischief  within  the  chest ; 
and  after  some  months  the  patient  will  be  carried  off"  by  the  gradual 
exhaustion  consequent  upon  the  formation  of  abscesses  in  the  lung. 

Spontaneous  expulsion  of  the  foreign  body,  usually  in  a  violent  fit  of  cougliing, 
occasionally  occurs.  Gross  of  Philadelphia  found  that  there  are  49  cases  on 
record,  in  which  the  body  was  spontaneously  expelled,  the  patient  recovering. 
Of  these,  in  37  it  was  expelled  during  a  fit  of  coughing.    The  period  dm-ing 
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which  a  foreign  substance  may  remain  in  the  air-passage  before  it  is  spon- 
taneously expelled,  varies  from  a  few  minutes  to  many  months  or  years ;  in  one 
case,  a  piece  of  bone  introduced  at  the  age  of  three,  was  not  ejected  until 
sixty  years  had  elapsed.  Tulpius  relates  a  case  in  which  a  nut-shell  was 
coughed  up  after  being  lodged  for  seven  years  ;  and  Heister  one  in  which  a 
ducat  was  thus  brought  up  after  a  lapse  of  two  years  and  a  half ;  the  patients, 
in  both  instances,  recovering.  In  other  cases  death  may  ensue,  although  the 
foreign  body  is  coughed  up  ;  thus  Sue  relates  an  instance  in  which  a  pigeon- 
bone  was  spat  up  seventeen  years  after  its  introduction,  the  patient,  however, 
dying  in  little  more  than  a  year  from  marasmus.  In  eight  of  the  cases  col- 
lected by  Gross,  death  followed  the  spontaneous  expulsion. 

Treatment. — This  accident  is  always  very  serious,  and  hence  requires 
prompt  and  energetic  means  to  be  used  in  order  to  save  the  patient ;  and  for- 
tunately the  means  at  our  disposal,  consisting  of  the  simple  operation  of  opening 
the  trachea,  and  thus  facilitating  the  expulsion  of  a  foreign  body,  are  usually 
highly  successful.  Of  6(»  cases  in  which  the  result  was  noted,  I  found  that  37 
lived,  and  23  died ;  but  on  analysing  these  cases  more  closely,  it  appeared  that 
in  39  no  operation  was  performed  ;  the  expulsion  of  the  foreign  body  being 
effected  by  the  efforts  of  nature.  Of  these  23  died,  and  16  lived.  In  the 
remaining  21  cases,  tabulated  below,  tracheotomy  was  performed  ;  of  these  18 
lived,  and  only  3  died,  showing  a  remarkable  success  attendant  on  this 
operation. 


PERIOD  OF  RETENTION. 

NUMBER 
OF  CASES. 

CURED. 

DIED.  1 

3 

2 

1 

2 

2 

0 

Between  48  hours  and  1  week  

9 

8 

1 

Between  1  week  and  1  month  

5 

4 

1 

Between  1  month  and  three  months    .       .       .  . 

^ 

9 

0 

Total  

2J 

l.s 

3 

The  statistics  as  to  the  result  of  operations  for  the  removal  of  foreign  bodies 
from  the  air-passages  have  been  chiefly  worked  out  by  Gross,  Durham,  and 
West  (U.S.A.).  Gross  has  collected  the  particulars  of  85  cases  not  operated 
on.  Of  these  56  recovered  and  29  died,  the  deaths  amounting  to  34-11  per 
cent.  Tracheotomy  was  done  in  98  cases;  of  these  83  recovered  and  15,  or 
15*3U  per  cent.,  died.  Durham  collected  271  cases  not  operated  on.  Of 
these  15G  recovered  and  115,  or  42*2  per  cent.,  died  ;  whilst  of  283  cases 
operated  on,  213  recovered  and  70,  or  24-2  per  cent.,  died.  West  (U.S.A.) 
has  collected  1000  cases.  Of  these,  in  63  cases  the  foreign  body  was  removed 
by  forceps,  with  or  without  the  aid  of  the  laryngoscope.  Of  the  remaining 
937  cases,  599  were  not  operated  on.  Of  these  4()0  recovered  and  139,  or 
23-20  per  cent.,  died.  In  398  cases  the  air-passages  were  opened.  Of  these 
245  recovered  and  93,  or  27-42  per  cent.,  died. 

Taking  the  combined  results  of  these  three  tables  and  comparing  them  in 
reference  to  the  particular  operation  performed,  we  find  that  the  results  are 
as  follows  :  of  laryngotomy  there  were  70  cases,  in  all  of  which  probably  the 
foreign  body  was  impacted  in  the  glottis,  with  50  recoveries  and  14,  or  20 
per  cent.,  of  deaths  ;  laryngo-tracheotomy,  59  cases,  with  44  recoveries  and 
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15,  or  25-42  per  cent.,  deaths  ;  tracheotomy  was  performed  in  605  cases,  with 
449  recoveries  and  150,  or  25-78  per  cent.,  deaths. 

Emetics,  sternutatories,  and  succussion  of  tlie  hody,  are  all  either  useless  or 
dangerous.  Inversion  of  the  body  has  succeeded  in  several  instances,  and 
might  be  tried  before  operation  is  had  recourse  to,  more  particularly  if  the 
foreign  body  is  heavy,  as  a  coin,  and  be  movable  in  the  air-passage.  Padley 
caused  the  ejection  of  a  sixpenny-piece  in  this  way  from  the  trachea  of  a  man, 
and  he  recommends  the  supine  as  a  safer  and  better  position  than  the  prone. 
There  is  undoubtedly  danger,  in  inversion,  of  the  supervention  of  laryngeal 
spasm,  but  statistics  do  not  prove  that  any  fatal  consequences  have  resulted 
from  this  cause.  Should,  however,  the  attempt  at  expulsion  by  inversion  of 
the  body  bring  on  an  attack  of  laryngeal  spasm,  it  should  be  abandoned,  as 
not  only  useless  but  in  the  highest  degree  dangerous. 

When  the  foreign  lody  is  lodged  in  the  larynx,  it  can  be  detected  bylaryngo- 
scopic  examination,  and  may  be  removed  by  forceps,  or  such  other  means  as 
the  ingenuity  of  the  Surgeon  may  suggest.  This  may  sometimes  be  done  a 
considerable  length  of  time  after  its  impaction.  Thus,  in  a  case  recorded  by 
Petrie  of  Liverpool,  a  coin  was  successfully  removed  by  forceps  after  having 
been  impacted  six  years  in  the  larynx  of  a  boy. 

Should  it,  however,  not  be  possible  to  extract  the  foreign  body  through  the 
mouth,  tracheotomy  must  be  performed,  and  an  attempt  made  to  dislodge  it 
from  below  by  means  of  a  feather  passed  up  into  the  mouth,  or  it  may  possibly 
be  seized  and  brought  out  by  the  wound.  Should  this  fail,  the  operation  of 
Thyro-cliondrotomy,  more  often,  but  incorrectly,  called  Thyrotomy,  should 
be  performed.  The  operation  is  the  same  as  that  for  intra-laryngeal  tumours, 
and  will  be  described  in  the  Chapter  on  Diseases  of  the  Throat.  It  is  of 
importance  that  it  should  not  be  delayed,  for  the  foreign  body,  more  especially 
if  rough  or  irregular,  as  a  piece  of  bone,  will  shortly  excite  inflammation  and 
ulceration  of  the  mucous  membrane  and  possibly  entail  permanent  impairment 
of  voice  or  of  respiration. 

When  the  foreign  body  has  passed  deyond  the  larynx,  or  is  not  to  be  recog- 
nised by  means  of  the  laryngoscope,  inversion  may  perhaps  be  tried  in  some 
cases,  but,  as  a  rule,  tracheotomy  ought  to  be  performed  at  once.  Tracheotomy 
is  in  all  cases  preferable  to  laryngotomy,  as  the  opening  can  be  made  more 
freely  and  left  open  more  easily,  and  moreover,  being  further  removed  from 
the  glottis  there  is  no  possibility  of  both  openings  being  blocked  by  the 
foreign  body  if  it  be  coughed  up.  The  operation  should  be  performed,  even 
though  the  symptoms  be  not  urgent.  There  is  often  a  remission  in  the 
symptoms,  a  period  of  deceptive  security,  by  which  the  Surgeon  must  not 
be  put  ofi"  his  guard.  But,  it  may  be  asked,  for  what  purpose  is  the  trachea 
opened  ?  Why  should  not  the  foreign  body  be  expelled  through  the  same 
aperture  by  which  it  has  entered  ?  Tlie  opening  in  the  trachea  performs  a 
double  purpose  ;  it  not  only  serves  as  a  ready  and  passive  outlet  for  the 
expulsion  of  the  foreign  body,  but  also  as  a  second  breathing  aperture  in  the 
event  of  its  escaping  through  the  glottis.  The  advantage  of  the  opening 
in  the  trachea  as  a  ready  aperture  of  expulsion  is  evident  from  the  statistics 
given  by  Durham  of  212  cases  in  Avhich  tracheotomy  was  performed  for  a 
foreign  body  in  the  air-passages.  One  hundred  and  fifty-seven  recovered  :  in 
04  of  these  spontaneous  expulsion  took  place  through  the  tracheal  opening ; 
in  35  spontaneous  expulsion  occurred  from  the  mouth,  and  in  58  the  foreign 
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body  was  removed  by  forceps  or  other  instruments.  Fifty-five  died  ;  m  48  of 
these  the  body  was  retained  tiU  death,  in  2  it  was  expelled  from  the  mouth, 
and  in  2  from  the  wound  immediately  after  the  operation,  and  in  3  it  was 

removed  by  forceps.  .   .  .1  •  1 

The  reason  why  the  foreign  body  usually  passes  out  of  the  artificial  opening 
in  preference  to  escaping  by  the  glottis,  is,  that  the  sides  of  the  former  aperture 
are  passive,  whereas  those  of  the  latter  are  highly  sensitive  and  contractile. 
Before  the  operation  is  performed,  it  will  be  found  that  the  great  obstacle  to 
expulsion  is  the  spasmodic  contraction  of  the  glottis,  by  the  closui-e  of  which 
not  only  is  the  passage  of  the  foreign  body  prevented,  but  respiration  is 
impeded.  Every  time  the  foreign  body  is  coughed  up  so  as  to  touch  the 
interior  of  the  larynx,  intense  dyspnoea  is  produced,  owing  to  sudden  and 
involuntary  closure  of  the  glottis,  by  which  respiration  is  entirely  prevented 
and  suffocation  threatened;  the  expulsion  of  the  body  is  consequently 
arrested,  unless  it  by  chance  take  the  glottis  by  surprise,  and  pass  through 
it  at  once  in  the  same  way  that  it  has  entered  it,  without  touching  its 
sides.  If  it  be  arrested  by  the  spasm  in  the  glottis  it  is  inevitably  drawn 
down  into  the  trachea  again  by  the  deep  inspiration  that  follows  the  re- 
laxation of  the  spasm.  If  there  be  a  second  breathing  aperture,  though 
the  larynx  is  equally  irritated  by  the  foreign  body,  yet  this  dyspnoea  cannot 
occur,  respiration  being  carried  on  uninterruptedly  by  one  opening  whilst 
the  foreign  body  escapes  tln-ough  the  other  ;  and  thus,  in  these  circumstances, 
it  may  pass  through  the  glottis  with  but  little  inconvenience.  In  performing 
the  operation  of  tracheotomy  for  a  foreign  body  in  the  air-passages,  the 
opening  must  be  made  fi-eely  ;  no  tube  must  be  introduced,  but  the  edges  of 
the  wound  must  be  kept  open  by  blunt  hooks,  made  of  bent  wire,  and  secured 
behind  the  neck  by  a  piece  of  tape. 

In  some  cases,  the  foreign  body  is  expelled  at  once  after  the  trachea  has  been 
opened  ;  in  others,  not  until  some  hours,  days,  or  even  weeks,  have  elapsed. 
Thus,  in  Houston's  case,  a  piece  of  stick  was  not  coughed  up  until  ninety-seven 
days  after  the  operation  ;  and  in  Brodie's  case,  in  which  the  celebrated  engineer, 
Brunei,  was  the  patient,  sixteen  days  elapsed  before  the  half-sovereign  came 
away. 

The  expulsion  has  in  some  instances  been  facilitated  by  inverting  the 
patient,  shaking  him,  or  striking  him  on  the  back.  In  cases  in  which  the 
foreign  body  has  not  been  readily  expelled,  forceps  and  other  instruments 
have  been  introduced  through  the  wound  to  extract  it.  But,  although  in 
many  instances  this  has  succeeded,  as  in  a  case  in  which  Walters  of  Reigate 
removed  a  trachea-tube  that  had  accidentally  slipped  five  inches  into  the 
air-passages,  these  proceedings  should  not  be  lightly  undertaken.  It  is 
better  always  to  wait  some  time,  as  in  a  large  number  of  successful  cases 
expulsion  has  not  taken  place  spontaneously  till  more  than  twenty-four  hours 
after  the  operation.  If  the  body  does  not  come  up  spontaneously  by  the  end 
of  the  second  day,  exploration  of  the  trachea  is  perfectly  justifiable.  ^  The 
patient  must  be  put  fully  under  an  ana3sthetic,  and  even  then  the  intro- 
duction of  the  instrument  will  .cause  a  violent  spasmodic  cough.  If  the 
nature  of  the  foreign  body  be  known  the  instrument  must  be  adapted  to  it. 
If  it  be  of  metal,  glass,  or  china,  its  position  can  first  be  detected  by  means 
of  a  probe.  If  it  be  of  the  form  most  easily  to  be  seized  by  forceps,  Gross's 
tracheal  forceps,  or  Durham's  flexible  forceps  may  be  used.    It  is  difficult, 
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however,  in  using  forceps  to  avoid  passing  the  blades  down  two  separate 
bronchial  tubes  and  thus  seizing  the  septum  between  them.  A  loop  of  etifif 
wire,  bent  at  its  extremity  to  an  angle  so  that  it  can  be  directed  into  either 
bronchus,  will  be  found  very  useful  in  dislodging  a  round  body  impacted  in 
a  bronchus.  In  this  way  a  plum-stone  was  easily  dislodged  and  removed  in  a 
case  which  occurred  in  University  College  Hospital  some  years  ago,  and  the 
child  rapidly  recovered.  Should  the  attempt  fail,  the  wound  should  be  kept 
open  by  means  of  blunt  hooks  for  a  week  or  ten  days  longer,  when  perhaps 
it  may  be  ejected.  After  the  escape  of  the  foreign  body,  tlje  opening  in  the 
trachea  must  be  allowed  to  close. 

Scalds  or  the  Mouth,  the  Pharynx,  and  the  Glottis,  occasionally 
occur  from  attempts  to  swallow  boiling  water  ;  or  these  parts  are  scorched  by 
the  inhalation  of  hot  air  or  flame.  The  scalding  happens  chiefly  to  the  chil- 
dren of  the  poor,  who,  being  in  the  habit  of  drinking  cold  water  from  the 
spout  of  a  kettle,  inadvertently  attempt  to  take  a  draught  from  the  same 
source  when  the  water  is  boiling.  The  hot  liquor  is  not  swallowed,  but,  though 
immediately  ejected,  it  scalds  the  inside  of  the  mouth  and  pharynx,  giving  rise 
to  much  inflammation,  which,  extending  to  the  glottis,  ^vill  produce  oedema 
of  it,  and  thus  speedily  destroy  life  by  suffocation.  In  three  cases  which  I 
examined  after  death,  there  was  no  sign  of  inflammation  below  the  glottis, 
though  the  lips  of  this  aperture  were  greatly  swollen  ;  and  this  I  believe  to  be 
invariably  the  case.  The  accident  always  reveals  itself  by  very  evident  signs  ; 
the  interior  of  the  mouth  looks  white  and  scalded,  the  child  complains 
of  great  pain,  and  difficulty  of  breathing  soon  sets  in,  expiration  being 
comparatively  easy,  while  inspiration  is  obstructed  by  the  swollen  arytasno- 
epiglottidean  folds  falling  together  over  the  glottis  in  a  valve-like  manner. 
This  condition,  unless  efficiently  relieved,  may  terminate  in  speedy  suffocation. 
In  those  cases  in  which  these  parts  have  been  similarly  injured  by  the  flame 
produced  by  the  explosion  of  gas  or  of  fire-damp  being  sucked  into  the  mouth, 
the  same  conditions  present  themselves. 

In  the  Treatment  of  this  injury,  the  main  point  to  attend  to  is  to  subdue 
the  inflammation  before  it  involves  the  glottis  to  a  dangerous  extent.  With 
this  view,  leeches  should  be  freely  applied  to  the  neck,  and  hot  fomentations 
put  on.  If  symptoms  of  dyspnoea  have  set  in,  the  oedematous  parts  should  be 
freely  scarified  with  a  curved  bistoury,  sheathed  by  wrapping  adhesive  plaster 
round  it  nearly  to  its  point.  If  this  be  not  at  hand,  much  may  be  done  by 
means  of  the  finger  nail,  notched  so  that  it  may  tear  the  mucous  membrane. 
Should  this  fail  to  give  relief,  tracheotomy  must  be  performed  without  delay  ; 
and  a  tube  must  be  introduced  into  the  aperture  so  made,  and  kept  there 
until  the  swelling  about  the  glottis  has  subsided.  In  the  majority  of  the 
cases,  however,  that  have  fallen  under  my  observation,  in  which  this  opera- 
tion has  been  performed,  the  issue  has  been  a  fatal  one,  from  the  sjieedy 
supervention  of  broncho-pneumonia ;  but  as  it  affords  the  only  chance  of 
life  when  the  dyspnoea  is  urgent,  it  must  be  done,  though  its  performance  in 
very  young  children  is  often  attended  with  much  difficulty,  from  the  shortness 
of  the  neck  and  the  small  size  of  the  trachea. 

ASPHYXIA  OR  APNCEA, 

Asphyxia,  or,  as  it  is  more  correctly  termed,  Apnoca,  may  arise  from  various 
causes.    The  following  classification  is  derived  from  a  table  by  Harley  : — 
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1.  Mechanical  Impediment  to  the  Entrance  of  Air  into  the  Lungs. 
A.  From  Accident :  either  (1)  external,  as  ia  pressure  on  the  trunk  pre- 
veuting  expansion  of  the  chest ;  pressure  on  the  throat ;  smothering ;  injury 
of  the  spinal  cord  causing  paralysis  of  the  respiratory  muscles  ;  penetrating 
wound  of  the  chest,  admitting  air ;  or  (2)  internal,  as  in  obstruction  of  the 
fauces  or  larynx  by  foreign  bodies,  or  in  constriction  of  these  parts  from  the 
application  of  irritating  fluids.  B.  From  Disease;  as  in  pressure  on  the 
trachea  by  an  aneurism  or  other  tumour  ;  oedema  of  the  glottis  ;  obstruction 
of  the  air-passage  by  tumour  ;  accumulated  mucus,  &c, 

2.  Drowning. 

3.  Absence  of  Oxygen, — nitrogen,  hydrogen,  or  some  other  harmless  gas 
lieiug  inhaled. 

4.  Accumulation  of  Carbonic  Acid  Gas  in  the  Blood. 

5.  Inhalation  of  Toxic  Gas  or  Vapour. 

Several  of  the  conditions  above  enumerated  as  producing  apnoea  have  been 
described  in  the  preceding  pages  ;  and  others  will  be  considered  when  we 
speak  of  diseases  of  and  operations  on  the  Air-passage.  In  this  place  we 
will  speak  of  the  Surgical  management  of  cases  in  which  respiration  has 
been  suspended  by  Drowning,  Hanging,  and  the  respiration  of  Noxious 
Gases. 

The  general  subject  of  Suspended  Animation  from  these  various  causes 
cannot  be  discussed  here,  but  we  must  briefly  consider  some  points  of  practical 
importance  in  its  treatment. 

In  cases  of  Drowning,  life  is  often  recoverable,  although  the  sufferer  may 
have  been  in  the  water  for  a  considerable  time ;  for,  though  immersed,  he  may 
veiy  probably  not  have  been  submersed  during  the  whole  time.    The  period 
after  which  life  ceases  to  be  recoverable  cannot  be  very  accurately  estimated. 
The  officers  of  the  Royal  Humane  Society,  who  have  great  experience,  state 
that  most  generally  persons  are  not  recoverable  who  have  been  more  than  four 
or  five  minutes  under  water.    In  these  cases,  however,  although  submersion 
may  not  continue  for  a  longer  period  than  this,  the  process  of  asphyxia  does  ; 
for  it  does  not  cease  on  the  withdrawal  of  the  body  from  the  water,  but 
continues  until  the  blood  in  the  pulmonary  vessels  is  aerated,  either  by  the 
spontaneous  or  artificial  inflation  of  the  lungs.    As  several  minutes  are 
commonly  consumed  in  withdrawing  the  body  from  the  water  and  conveying 
it  to  land,  during  which  time  no  means  can  be  taken  to  introduce  air  into 
the  lungs,  we  must  regard  the  asphyxia  as  continuing  during  the  whole  of 
the  period  that  intervenes  between  the  last  inspiration  before  complete  sub- 
mersion, and  the  first  inspiration,  whether  artificial  or  spontaneous,  after 
the  removal  of  the  body  from  the  water.    The  latest  time  at  which  life  can  be 
recalled,  during  this  period,  is  the  measure  of  the  duration  of  life  in  asphyxia, 
[f,  during  this  period,  the  action  of  the  heart  should  cease  entirely,  I  believe 
tliat  the  circulation  can  never  be  restored.    But  although  we  may  put  out  of 
consideration  those  marvellous  cases  of  restoration  of  life  that  are  recorded  by 
the  older  writers,  and  which  are  evidently  unworthy  of  credence,  are  we  to 
reject,  as  apocryphal,  cases  such  as  that  by  Smethurst,  in  which  recovery  took 
place  after  ten  minutes'  submersion ;  that  by  Douglas  of  Havre,  in  which  the 
patient  was  not  only  submersed,  but  had  actually  sunk  into,  and  was  fixed  in 
the  mud  at  the  bottom  of  the  harbour  for  from  twelve  to  fourteen  minutes  ; 
or  that  by  Weeks,  in  which  the  submersion,  on  the  testimony  of  the  most 
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credible  witnesses,  exceeded  half  an  hour  ?  I  think  that  it  would  be  unphilo- 
sophical  in  the'  extreme  to  deny  the  facts  clearly  stated  by  these  gentlemen  ; 
the  more  so  that  in  these,  as  in  many  other  instances  of  apparent  death  from' 
di-owning,  life  appears  to  have  been  prolonged  by  the  patient  faDing  into  a 
state  of  syncope  at  the  moment  of  immersion.  We  must  therefore  not  despair 
of  recovery,  but  should  employ  means  of  resuscitation,  even  though  the  body 
have  been  actually  under  water  a  considerable  time. 

There  are  certain  minor  means  often  employed  in  the  case  of  persons  who 
have  been  immersed  in  water,  and  are  apparently  drowned,  which  appear  to  be 
well  adapted  for  the  treatment  of  the  less  severe  forms  of  asphyxia,  or  rather 
cases  of  syncope  from  fright  and  immersion  in  cold  water.  These  consist,  after 
the  nose  and  mouth  have  been  cleared  of  any  collections  of  mucus,  in  the  ap- 
phcation  of  heat  by  means  of  a  bath  at  about  the  temperature  of  100°  Fahr. 
until  the  natural  warmth  is  restored ;  in  the  employment  of  brisk  friction ;  and 
in  passing  ammonia  to  and  fro  under  the  nostrils.  It  is  evident  that  these 
measures  can  have  no  direct  influence  upon  the  heart  and  lungs,  but  can  only 
act  as  general  stimuli  to  the  system,  equalizing  the  circulation  if  it  be  stiil 
going  on  ;  and,  by  determining  the  flow  of  blood  to  the  smface,  tending  to 
remove  those  congestions  that  are  not  so  much  the  consequences  of  the 
asphyxia,  as  of  the  sojourn  of  the  body  for  several  minutes  in  cold  water  ;  they 
would  therefore  be  of  especial  service  during  the  colder  seasons  of  the  year.  A 
hot  bath  may  also,  by  the  shock  it  gives,  excite  the  reflex  respiratory  move- 
ments. With  the  view  of  doing  this  with  a  greater  degi-ee  of  certainty,  cold 
water  should  be  sprinkled  or  dashed  upon  the  face  at  the  time  when  the  body 
is  immersed  in  the  hot  bath,  as  in  this  way  a  most  powerful  exciting  influence 
can  be  communicated  to  the  respiratory  muscles,  and  the  first  object  of  treat- 
ment in  all  cases  of  asphyxia— the  re-establishment  of  respiration — would  more 
rapidly  and  efiectually  be  accomplished  ;  deep  gaspings  ensuing,  by  which  the 
air  would  be  sucked  into  the  remote  ramifications  of  the  air-cells,  aerating  the 
blood  that  had  accumulated  in  the  pulmonary  vessels,  and  enabling  it  to  find 
its  way  to  the  left  cavities  of  the  heart,  and  thus  to  excite  that  organ  to 
increased  activity.  These  means,  then,  are  useful  in  those  cases  of  asphyxia 
in  which  the  sufferer  has  been  but  a  short  time  submersed,  and  in  which  the 
heart  is  still  acting,  and  the  respiratory  movements  have  either  begun  of  their 
own  accord  on  the  patient  being  removed  from  the  water,  or  in  which  they  are 
capable  of  being  excited  by  the  shock  of  a  hot  bath,  aided  by  the  dashing  of 
cold  water  on  the  face.  At  the  same  time  the  lungs  may  be  filled  with  pure 
air,  by  compressing  the  chest  and  abdomen,  so  as  to  expel  the  vitiated  air,  and 
then  allowing  them  to  recover  their  usual  dimensions  by  the  natural  resiliency 
of  their  parietes.  A  small  quantity  of  air  will,  in  this  way,  be  sucked  in  each 
time  the  chest  is  allowed  to  expand,  and  thus  the  re-establishment  of  the 
natural  process  of  respiration  may  be  much  hastened.  This  simple  mode  of 
restoring  the  vital  actions  should  never  be  omitted,  as  it  is  not  attended  with 
the  least  danger,  and  does  not  in  any  way  interfere  with  the  other  measures 
employed.  Marshall  Hall  has  recommended  that  the  patient  be  turned  prone, 
so  that  the  tongue  may  hang  forwards,  and  the  larynx  thus  be  opened  ;  and 
that  respiration  be  then  set  up  by  gentle  pressure  along  the  back,  and  by 
turning  the  patient  on  his  side  at  regular  intervals.  If,  by  these  means,  we 
succeed  in  rapidly  restoring  the  proper  action  of  the  respiratory  movements,  it 
will  be  necessary  merely  to  pay  attention  to  the  after-treatment.    Should  we, 
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howeyer,  fail  iu  restoriag  respiration,  we  should  have  recourse  to  other  and 
more  active  measures. 

In  the  more  severe  cases  of  asphyxia,  the  most  direct  and  efficient  means 
that  we  possess  for  the  re-establishment  of  the  circulation  is  Artificial 
Respiration,  which  should  be  resorted  to  without  delay.  The  whole  value 
of  artificial  respiration  depends,  however,  upon  the  way  in  which  it  is  employed. 
Inflation  is  not  very  efiPectual  from  the  mouth  of  an  assistant  into  the  nostrils 
or  mouth  of  the  sufferer,  as  air  once  respired  is  not  well  fitted  for  the  resusci- 
tation of  the  few  sparks  of  life  that  may  be  left,  but  it  is  in  many  instances 
the  readiest  and  indeed  the  only  mode  by  which  respiration  can  be  set  up, 
especially  if  water  or  other  fluids  have  found  their  way  into  the  mouth. 

The  bellows,  if  properly  constructed  for  artificial  inflation,  so  that  the 
(Quantity  of  air  injected  may  be  measured,  are  no  doubt  very  useful  ;  and  if 
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fm'nished  with  Leroy's  trachea-pipes,  or,  what  is  better,  with  nostril  tubes,  may 
be  safely  employed.  About  fifteen  cubic  inches  of  air  may  be  introduced  at 
each  stroke  of  the  bellows,  and  these  should  be  worked  ten  or  a  dozen  times  in 
a  minute.  The  lungs  should  be  emptied  by  compression  of  the  chest  before 
beginning  to  inflate,  and,  after  each  inflation,  by  compressing  the  chest  and 
abdomen  ;  but  care  must  also  be  taken  not  to  employ  much  force,  lest  the 
air-cells  be  ruptured.  Richardson  has  devised  a  pocket-bellows  for  artificial 
respiration,  consisting  of  two  elastic  hand-belloTN^s  with  a  single  tube  for 
introduction  into  the  nostril.  A  very  efficient  mode  of  introducing  pure  air 
into  the  lungs,  especially  in  children  and  young  persons,  is,  by  the  elastic 
expansion  of  the  walls  of  the  chest.  This  may  be  eftected  by  alternately 
compressing  the  chest  and  abdomen  with  the  hand,  and  then  removing  the 
pressure  so  as  to  allow  the  thorax  to  expand  by  the  natural  resiliency  of  its 
parietes,  and  thus,  each  time  it  expands,  to  allow  a  certain  quantity  of  air  to 
be  sucked  into  the  bronchi.  A  much  more  efficient  method,  however,  is  that 
recommended  by  Silvester,  and  adopted  by  the  Royal  Humane  Society.  It  is 
carried  out  in  the  following  way.    The  patient  is  laid  on  a  flat  surface  on  his 
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back,  with  the  head  and  shoulders  slightly  raised  oa  a  pillow.  'I'he  tongue 
should  be  drawn  out  and  held  forwards.  The  arms  are  then  to  be  grasped  just  j 
above  the  elbows,  and  to  be  drawn  gently  and  steadily  upwards  above  the  head 
and  pulled  upon  slightly,  so  as  to  drag  on  the  great  pectoral  muscles  (Fig.  337). 
In  this  position  they  are  kept  for  two  seconds ;  they  are  then  to  be  brought  down- 
wards, and  to  be  pressed  for  two  seconds  firmly  against  the  sides  of  the  chest 
(Fig.  338) ;  at  the  same  time  an  assistant  may  compress  the  lower  ribs  and  push 
up  the  hver  and  diaphragm.  These  movements  are  to  Ije  repeated  deliberately 
about  fifteen  times  in  the  minute,  until  natural  efforts  at  respiration  are  induced  | 
when  they  are  to  be  discontinued,  and  the  ordinary  means  to  promote  circula- 
tion and  warmth  employed.  The  quantity  of  air  introduced  need  not  be  large  ; 
for,  by  the  law  of  the  diflPasion  of  gases,  if  oxygen  be  introduced  only  into  the 
larger  divisions  of  the  bronchi,  it  will  rapidly  find  its  way  into  the  ultimate 
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ramifications  of  these  tubes.  This  last  means  of  inflation  has  the  additional 
advantage  of  resembling  closely  the  natural  process  of  respiration,  which  is  one 
of  expansion  from  without  inwards,  and  not,  as  when  the  mouth  or  bellows  are 
used,  of  pressure  from  within  outwards.  In  one  case  the  lungs  ai-e,  as  it  were, 
drawn  outward.?,  the  air  merely  rushing  in  to  fill  up  the  vacuum  that  would 
otherwise  be  produced  within  the  thorax  by  the  expansion  of  its  parietcs  ;  in 
the  other  they  are  forcibly  pressed  up  from  within,  and  hence  there  is  a  danger 
of  rupture  of  the  air-cells.  Care  must  be  taken  not  to  use  too  much  violence 
in  compressing  the  chest.  I  have  known  a  case  in  which  the  sternum  and 
several  ribs  wei-e  broken  in  an  old  man  dui-ing  the  employment  of  this  method. 
In  case  a  battery  be  at  hand,  faradization  of  the  phrenic  nerve  fonus  a 
valuable  adjunct  to  the  method  of  artificial  respiration.  It  is  thus  carried 
out.  It  must  first  be  ascertaiued  that  the  current  is  of  suflRcient  strength  to 
cause  vigorous  contraction  of  tlie  muscles  of  the  ball  of  the  Surgeon's  thumb. 
The  person  in  charge  of  the  battery  should  stand  on  the  right  side  of  the 
patient  and  press  one  rheophore  well  down  on  the  phrenic  nerve  at  the  outer 
border  of  the  sterno-mastoid,  where  the  nerve  lies  on  the  scalenus  anticu6,aud, 
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while  the  person  in  charge  of  the  Silvester  method  of  artificial  respiration 
raises  the  arms  he  should  press  the  other  rheophore  on  the  right  side  of  the 
thorax  in  the  sixth  intercostal  space  ;  when  the  arms  are  depressed  he  should 
remove  the  rheophore.  If  it  is  successfully  carried  out,  a  distinct  rush  of  air 
will  be  heard  to  enter  the  month  as  the  rheophore  is  applied  to  the  side. 

Inflation  of  the  Lungs  with  Oxygen  Gas  is  likely  to  be  of  great  service 
in  extreme  cases  of  asphyxia.  I  have  found  by  experiment  that  the  contrac- 
tions of  the  heart  can  be  excited  by  inflating  the  lungs  with  this  gas  when 
the  introduction  of  atmospheric  aii-  fails  in  doing  so  ;  and  there  are  cases  on 
record  in  which  resuscitation  was  effected  by  inflating  the  lungs  with  oxygen, 
when  in  all  probability  it  could  not  have  been  effected  by  any  other  means. 
In  my  Essay  on  "  Asphyxia  "  will  be  found  a  case  of  resuscitation,  in  which 
oxygen  was  successfully  administered  by  "Weeks  after  the  asphyxia  had  continued 
three-quarters  of  an  hour. 

Whatever  means  of  resuscitation  are  adopted,  they  should  be  continued  for 
at  least  three  or  four  hours,  even  though  no  sigTis  of  life  show  themselves  ;  and 
after  ordinary  respiration  has  been  re-established,  the  patient  should  be  kept 
quiet  in  bed  some  hours.  The  danger  of  the  supervention  of  Secondary 
Asphyxia  after  recovery  has  apparently  taken  place  is  much  increased,  and 
indeed  is  usually  brought  about,  by  some  effort  on  the  part  of  the  patient  that 
tends  to  embarrass  the  partially  restored  action  of  the  heart  and  lungs.  The 
patient,  being  to  all  appearance  resuscitated,  is  allowed  to  get  up  and  walk 
home,  when  the  symptoms  of  asphyxia  speedily  retui-n.  Should  symptoms  of 
secondary  asphyxia,  such  as  stupor,  laborious  respiration,  dilatation  of  the 
pupils,  and  convulsions,  manifest  themselves,  artificial  respiration  should  b^ 
immediately  set  up,  and  be  maintained  until  the  action  of  the  heart  has  been 
fully  restored. 

Asphyxia  from  the  Respiration  of  Noxious  Gases,  such  as  carbonic  acid, 
is  best  treated  by  exposing  the  surface  of  the  body  to  cold  air,  by  dashing 
cold  water  upon  the  face,  and  by  setting  up  artificial  respiration  without 
delay,  if  the  impression  of  cold  upon  the  surface  do  not  excite  these  actions. 
There  is  a  peculiar  variety  of  this  kind  of  asphyxia,  which  is  occasionally 
met  with  among  infants,  the  true  nature  of  which  was  pointed  out  to  me  by 
Wakley,  who,  as  coroner,  had  abundant  opportunities  of  witnessing  it,  as  it  is 
not  an  uncommon  cause  of  accidental  death  amongst  the  children  of  the  poor. 
It  is  that  condition  in  which  a  child  is  said  to  have  been  overlain ;  the  child, 
sleeping  with  its  mother  or  nurse,  being  found  in  the  morning  suffocated  in  the 
bed.  On  examination  no  marks  of  pressure  will  be  found  ;  but  the  right 
cavities  of  the  heart  and  the  lungs  are  gorged  with  blood,  and  the  surface  is 
livid,  clearly  indicating  death  by  asphyxia.  That  this  accident  is  not  the  re- 
-sult  of  the  mother  lying  upon  her  child,  is  not  only  evident  from  the  postmortem 
appearances,  but  was  clearly  proved  by  a  melancholy  case  to  which  I  was  called 
several  years  ago,  in  which  a  mother,  on  waking  in  the  morning,  found  her  twin 
infants  lying  dead,  one  on  each  side  of  her.  Here  it  was  evident,  from  the 
position  of  the  bodies,  that  she  could  not  have  overlain  both.  The  true  cause 
■  of  death  is  partly  the  inhalation  of,  and  slow  suffocation  by,  the  vitiated  air 
'  which  accumulates  under  the  bed-clothes  that  have  been  drawn,  for  the  sake  of 
warmth,  over  the  child's  head,  and  partly  the  diminished  supply  of  oxygen. . 
In  such  cases,  resuscitation  by  artificial  respiration  should  always  be  attempted 
if  any  signs  of  life  be  left. 
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Asphyxia  from  the  respiration  of  carbonic  oxide  is  more  fi-equent  than 
Surgeons  are  apt  to  imagine.  As  has  been  already  stated  in  the  chapter  ou 
Burns,  death  often  takes  place  in  cases  where  buildings  are  on  fire  from 
poisoning  by  the  respiration  of  carbonic  oxide.  According  to  Leblanc,  it  is 
this  gas  that  is  the  poisonous  agent  given  off  in  the  fumes  of  charcoal.  The 
effect  of  the  respiration  of  carbonic  oxide  gas  is  to  deprive  the  red  corpuscles 
of  their  power  to  carry  oxygen,  and  death  takes  place  rather  from  the  want  of 
oxygen  than  from  the  poisonous  action  of  carbonic  oxide  itself. 

The  inhalation  of  oxygen  is  of  service  in  such  cases  ;  but  it  must  be  borne 
in  mind  that  death  is  generally  very  rapid. 

In  cases  of  Hanging,  death  seldom  results  fi-om  pure  asphyxia,  but  is 
usually  the  consequence,  to  a  certain  degree  at  least,  of  apoplexy,  and  possibly 
of  simultaneous  injury  of  the  spinal  cord.  In  these  cases,  bleeding  from  the 
jugular  vein  may  be  conjoined  with  artificial  respiration. 

If  there  should  be  a  difiiculty  in  setting  up  artificial  respiration  through  the 
mouth  or  nose,  as  is  more  especially  likely  to  happen  when  the  patient  has 
been  suffocated  by  breathing  noxious  gases,  or  in  cases  of  hanging,  tracheotomy 
or  laryngotomy  should  at  once  be  performed,  and  the  lungs  inflated  through  the 
opening  thus  made  in  the  neck. 

INJURIES    OF    THE    PHAEYNX  AND  CESOPHAGTJB. 

Wounds  of  the  (Esophagus  are  met  with  chiefly  in  cases  of  cut-throat,  in 
which,  as  has  been  already  stated  in  treating  of  this  injury,  they  occasion  much 
difficulty  by  interfering  with  deglutition. 

Rupture  of  the  (Esophagus  during  vomiting  is  a  veiy  rare  accident,  of 
which  a  few  cases  have  been  recorded.  The  patient  has  in  almost  every  case 
been  an  habitual  drunkard,  and  the  accident  has  occurred  after  a  debauch 
or  over-eating.  The  rupture  always  occurs  near  the  cardiac  orifice,  and  may 
extend  into  the  stomach.  In  a  case  recorded  by  Adams  the  contents  of  the 
stomach  passed  into  the  left  pleura.  The  symptoms  are  sudden  severe  pain, 
and  a  sense  of  impending  death  and  collapse.  Emphysema  of  the  mediastinum 
extending  into  the  root  of  the  neck  has  been  observed.  Death  has  in  most 
cases  followed  in  less  than  twenty-four  hours  ;  but  Meyer  has  recorded  a  case 
in  which  the  patient  survived  fifty  hours,  and  Eitz  one  in  which  death  did 
not  occur  till  the  eighth  day. 

Foreign  Bodies  not  uncommonly  become  impacted  in  the  pharynx  and 
oesophagus,  and  may  produce  great  inconvenience  by  their  size  or  shape.  If 
large,  as  a  lump  of  meat,  the  substance  may  lodge  in  the  lower  part  of  the 
pharynx  and  occlude  the  orifice  of  the  glottis,  thus  at  once  suffocating  the 
patient.  If  of  smaller  size,  as  a  gold  plate  with  false  teeth  or  a  coin,  it  may 
lodge  at  the  lower  end  of  the  phaiynx  where  it  is  narrowed  by  the  projection 
of  the  larynx  backwards.  Any  flat  body,  such  as  a  coin,  if  it  lodge  in  this 
situation,  will  almost  invariably  lie  with  its  surfaces  looking  backwards  and 
forAvards.  If  the  foreign  body  be  arrested  beyond  this  point,  it  will  usually 
be  near  the  termination  of  the  oesophagus.  When  it  is  small  oripointed,  as  a 
fish-bone,  pin,  or  bristle,  it  may  become  entangled  in  the  folds  of  mucous 
membrane  that  stretch  from  the  root  of  the  tongue  to  the  epiglottis,  or  that 
lie  along  the  sides  of  the  pharynx.  In  some  cases  it  may  even  perforate  these, 
penetrating  the  substance  of  the  larynx,  and  thus  producing  intense  local 
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irritation,  cough,  dyspnoea,  and  suffocation.  The  foreign  body,  by  transfixing 
the  coats  of  the  oesophagus,  may  seriously  injure  neighbouring  parts  of  im- 
portance. Thus,  in  a  case  admitted  into  University  College  Hospital,  a 
juggler,  in  attempting  to  push  a  blunted  sword  down  his  throat,  perforated 
the  oesophagus  and  wounded  the  pericardium  ;  death  resulted  in  the  course  of 
a  few  days. 

The  Symptoms  occasioned  by  the  impaction  of  a  foreign  body  in  the  food- 
passages  are  sufficiently  evident.  The  sensations  of  the  patient,  who  usually 
compTains  of  uneasiness  about  the  top  of  the  sternum,  difficulty  in  swallowing 
sohds,  and  perhaps  an  urgent  sense  of  suffocation,  lead  to  the  detection  of  the 
uccident.  Should  any  doubt  exist,  the  Surgeon  may,  by  introducing  his  finger, 
explore  nearly  the  whole  of  the  pharynx,  and  may  examine  the  oesophagus  by 
the  cautious  introduction  of  a  well-oiled  probang. 

If  the  impaction  be  allowed  to  continue  unrelieved,  not  only  may  deglutition 
and  respiration  be  seriously  interfered  with,  but  ulceration  of  the  oesophagus 
mil  take  place,  and  abscess  form  either  behind  it  or  between  it  and  the  trachea ; 
or  fatal  htemorrhage  may  ensue  by  perforation  or  ulceration  of  neighbouring 
blood-vessels. 

The  Treatment  must  depend  upon  the  nature  of  the  foreign  body  and  its 
situation.  Should  it  be  large,  blocking  up  the  pharynx  so  as  to  render  respira- 
tion impracticable,  it  may  be  hooked  out  by  the  Surgeon's  fingers.  Should 
asphyxia  have  been  induced,  it  may  be  necessary  to  perform  tracheotomy  or 
laryngotomy  at  once,  and  to  keep  up  artificial  respiration  until  respiration  is 
fully  re-established  when  the  foreign  body  can  be  removed.  If  it  Idc  small  or 
pointed,  as  a  fish-bone  or  pin,  though  it  have  lodged  high  up,  the  Surgeon 
Avill  usually  experience  great  difficulty  in  its  removal,  as  it  becomes  entangled 
Ijetween  and  is  covered  in  by  the  folds  of  the  mucous  membrane,  where  from 
its  small  size  it  may  escape  detection.  In  these  cases  an  expanding  probang 
■will  be  found  useful.  Emetics  have  been  recommended  and  have  been  used 
with  success ;  but  it  would  not  be  safe  to  employ  them  if  the  foreign  body  was  of 
any  size  or  firmly  impacted,  lest  the  oesophagus  should  be  ruptured  during  the 
act  of  vomiting.  After  the  foreign  body  has  been  removed,  the  patient  will 
experience  for  some  time  a  pricking  sensation,  as  if  it  were  still  fixed.  If  the 
impacted  body  have  passed  low  down  into  the  oesophagus,  the  Surgeon  must 
deal  with  it  according  to  its  nature.  A  coin  can  usually  be  caught  by  the 
instrument  known  as  a  "  coin-catcher,"  and  removed  without  difficulty.  If 
the  body  be  smooth  and  soft,  as  a  piece  of  meat  for  instance,  it  may  be  pushed 
down  into  the  stomach  by  the  gentle  pressure  of  the  probang.  If,  however, 
it  be  rough,  hard,  or  sharp-pointed,  as  a  piece  of  earthenware,  or  bone,  or 
a  metallic  plate,  with  false  teeth  attached,  such  a  procedure  would  certainly 
cause  perforation  of  the  oesophagus,  and  serious  mischief  to  the  parts  around  ; 
in  these  circumstances,  therefore,  an  attempt  at  extraction  should  be  made  by 
means  of  long  slightly-curved  forceps,  constructed  for  the  purpose. 

The  foreign  body  occasionally  becomes  so  firmly  impacted  in  the  pharynx 
or  oesophagus,  that  the  employment  of  any  degree  of  force  for  extracting  it 
would  be  attended  with  danger  of  perforating  the  oesophagus  or  transfixing  the 
large  vessels  of  the  neck  ;  in  these  circumstances  it  may  become  necessary 
to  open  the  tube  and  thus  remove  it.  The  operation  of  Pliaryngotomy  or 
OSsophagotomy  is  seldom  called  for  ;  if  required,  it  may  be  performed  by 
making  an  incision  about  four  inches  in  length  along  the  anterior  border  of  the 
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left  steruo-mastoid  ruusclo,  the  oesopliagus  naturally  curving  somewhat  towards 
the  left  side.  Tlie  dissection  must  then  be  carried  with  great  caution  between 
the  carotid  sheath  and  the  larynx  and  trachea  in  a  directiou  backwards,  the 
omo-hyoid  muscle  having  been  divided  in  order  to  afford  room.  Care  must  be 
taken  in  this  deejj  dissection  not  to  wound  either  of  the  thyroid  arteries,  more 
especially  the  inferior,  which  will  be  endangered  by  carrying  the  incisions 
too  low.  "When  the  pharynx  or  the  oesophagus  has  Leen  reached,  the  foreign 
body  may  be  felt  and  directly  cut  down  upon.  If  it  cannot  be  felt  a  sound 
should  be  passed  through  the  mouth,  and  pushed  forwards  so  that  its  pomt 
may  cause  the  walls  of  the  oesophagus  to  project,  and  thus  serve  as  a  guide  to 
>the  Surgeon.  This  must  then  be  cut  upon,  and  the  aperture  thus  made  iu 
the  gullet  enlarged,  by  means  of  a  probe-pointed  bistoury,  to  a  sufficient  size 
to  allow  the  removal  of  the  extraneous  substance.  The  opening  in  the 
oesophagus  should  then  be  closed  by  catgut  sutures,  not  including  the  mucous 
membrane,  and  the  external  wound  should  be  left  fi-eely  open  to  heal  by 
.granulation  in  case  the  oesophageal  incision  should  fail  to  unite.  The  sanie 
operation  is  occasionally  performed  for  stricture  of  the  oesophagus  high  up, 
and  then  a  tube  is  introduced  and  the  wound  allowed  to  close  round  it.  The 
operation  has  been  attended  by  considerable  success.  Agnew  gives  a  table  of 
36  cases,  27  of  which  recovered  ;  32  of  these  were  for  the  removal  of  foreign 
bodies,  and  of  these  only  fom-  died.  When  the  foreign  body  is  impacted  near 
the  cardiac  orifice  and  can  neither  be  pushed  down  nor  di*awn  up,  Eichardson, 
of  the  Massachusetts  Hospital,  has  shown  that  it  can  be  removed  from  below 
through  an  openmg  in  the  stomach.  This  operation  he  successfully  perfoimed 
on  a  man  aged  37,  who  had  accidentally  swallowed  a  plate  containing  four 
false  teeth  eleven  months  before.  It  was  impacted  about  two  inches  above 
the  diaphragm,  and  was  dislodged  and  removed  after  considerable  manipula- 
tion with  the  index  and  middle  fingers  of  the  right  hand,  the  whole  of  which 
was  introduced  into  the  stomach.  The  wound  was  closed  with  Lembert's 
suture,  and  the  patient  rapidly  recovered.  There  was  some  difficulty  iu 
finding  the  cardiac  orifice,  but  experiments  on  the  dead  body  showed  that  tliis 
may  be  overcome  by  putting  the  small  curvature  on  the  stretch,  so  that  it 
makes  a  straight  hne  to  the  oesophageal  opening.  By  doing  this  forceps  can 
be  passed  with  certainty  into  the  orifice  without  introducing  the  hand.  The 
stomach  is  best  exposed  by  an  incision  parallel  to  the  left  costal  margin. 

A  hard  and  perfectly  indigestible  foreign  body  may  pass  through  tin- 
oesophagus  into  the  stomach.  Should  it  be  small,  as  a  coin,  or  even  angular 
and  sharp-pointed,  as  a  plate  with  artificial  teeth,  it  will,  in  the  gi-eat 
majority  of  cases,  pass  safely  through  the  intestines,  and  may,  therefore,  be 
left  alone,  "^lien  it  is  thus  left,  the  patient  should  take  neither  purgatives 
nor  opiates.  Both  are  injurious  :  the  purgatives  by  increasing  the  irri- 
tation of  the  bowels  and  the  chance  of  their  being  W'Ounded  by  sharp  and 
projecting  jDoints  from  the  plate ;  the  opiates  by  arresting  its  progress. 
The  better  plan  is  to  keep  the  patient  in  bed,  perfectly  quiet,  and  to  give 
him  an  abundance  of  pultaccous  food.  By  adopting  this  plan  1  have  suc- 
ceeded in  getting  a  gold  plate,  with  three  molar  teeth  and  a  sharp  curved 
clasping  hook  at  each  end,  to  pass  without  the  slightest  difficulty  or  pain  four 
days  after  it  was  swallowed  by  a  gentleman  about  25  years  of  age.  No 
attempt  need  ever  be  made  to  extract  small  coins  from  the  stomach,  as  they 
will  always  easily  pass  through  the  intestinal  canal.    If  the  foreign  body 
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lodges  in  the  sfcomach  producing  irritation  with  continued  efforts  at  vomiting,^ 
an  attempt  may  be  made  to  remove  it  tlirough  the  gullet,  but  the  chances  of 
success  are  very  small.  If  the  attempt  be  made,  an  ivory-balled  probang 
should  first  be  passed  in  to  ascertain  the  situation  of  the  foreign  body.  After 
tins  has  been  heard  and  felt,  we  may  try  the  plan  successfully  employed  by 
Little — who  removed  a  hooked  plate  containing  five  artificial  teeth  from  the 
sfcomach  of  a  woman — of  introducing  a  "  coin-catcher  "  so  as  to  search  for, 
secure,  and  then  extract  it.  In  doing  this,  there  is  of  course  a  great  proba- 
bility that  the  mass  will  be  drawn  up  sideways  ;  and  that  it  may,  if  broad, 
hitch  in  the  pharynx,  whence  it  must  be  detached  as  well  as  the  Surgeon  can 
manage  by  a  judicious  combination  of  force  and  skill. 

If  the  body  be  of  such  a  nature  that  it  is  impossible  to  remove  it  through 
the  oesophagus,  and  it  is  equally  unlikely  that  it  can  pass  safely  through  the 
intestines,  the  operation  of  gastrotomy  must  be  performed.  This  is  seldom 
required  except  in  the  case  of  the  swallowing  of  a  fork  or  knife,  or  some  such 
instrument,  either  intentionally  by  a  lunatic,  or  accidentally  during  drunken- 
ness, or  while  performing  a  trick.  The  foreign  body  when  of  this  size  can 
usually  be  felt  without  difficulty  through  the  abdominal  wall.  The  operation 
of  gastrotomy  for  the  removal  of  foreign  bodies  has  been  singularly  successful. 
Durham  states  that  of  ten  recorded  cases  only  one  died,  and  in  that  one 
oesophagotomy  had  been  previously  performed.  The  operation  will  be  described 
in  the  chapter  on  stricture  of  the  oesophagus.  . 
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CHAPTER  XXVIII. 


mUEIES  OF  THE  CHEST. 

Wounds  of  the  Chest -"Walls  are  not  of  such  frequent  occurrence  now 
as  formerly  in  tlie  days  of  duelling.  The  soft  tissues  may,  however,  be  con- 
tused, torn,  or  out.  The  thoracic  muscles,  especially  the  pectorals,  are  some- 
times ruptured  by  force  applied  to  the  arms  when  abducted  or  raised  above 
the  head.  The  great  pectoral  muscle  has  been  torn  in  a  boy  who  attempted 
to  drop  from  hand  to  hand  three  rungs  of  a  ladder  at  a  time.  Extravasation 
of  blood,  and  even  inflammation  and  suppm-ation,  may  result  from  such 
injury.  Subpectoral  abscess  may  occur  from  injury  of  the  pectoral  muscles, 
or  of  the  areolar  tissue  beneath  them,  or  it  may  form  without  any  apparent 
cause.  The  pus  must  be  evacuated  early.  This  may  be  done  by  making  an 
incision  through  the  skin  and  then  tearing  through  the  fibres  of  the  muscles, 
after  the  manner  recommended  by  Mr.  Hilton  for  the  emptying  of  sub-mus- 
cular or  deep-seated  abscesses. 

Wounds  of  the  chest  derive  their  principal  interest  and  importance  from 
the  accompanying  injmy  of  the  lungs,  heart,  or  larger  blood-vessels.  When 
the  soft  parietes  alone  are  wounded,  the  injury  differs  in  nothing  from  similar 
lesions  in  other  parts  of  the  body  ;  except  that  it  is  usually  slower  in  healing, 
in  consequence  of  the  want  of  rest  caused  by  the  movements  of  respiration. 
This  is  especially  the  case  when  the  muscular  parietes  are  furrowed  by  bullets. 
If  the  Surgeon  be  in  doubt  whether  the  cavity  of  the  chest  have  been  pene- 
trated or  not,  he  may  endeavour  to  ascertain  this  point  by  careful  examination 
with  the  finger,  but  he  should  never  introduce  a  probe  :  it  is  better  for  him 
to  wait  and  to  be  guided  in  his  opinion  by  the  symptoms  that  manifest  them- 
selves, rather  than,  by  probing  the  wound,  to  run  the  risk  of  converting  it  into 
what  he  dreads — a  penetrating  wound  of  the  chest. 

INJURIES   OF  THE  LTJNG. 

Contusion  of  the  Lung  without  injury  to  the  pleura  covering  it  may 
happen  from  severe  blows  on  the  chest,  as  from  falls  from  horseback  or  kicks 
on  the  side.  It  may  be  complicated  Avith  fracture  of  one  or  more  ribs  ;  ))uc 
this  is  not  necessarily  a  concomitant  of  the  injury.  The  symptoms  are  as 
follows.  After  the  receipt  of  the  blow,  the  patient  is  seized  with  difficulty  in 
breathing,  which  is  apt  to  become  paroxysmal,  so  as  to  resemble  asthma. 
There  is  expectoration,  at  first  of  mucus  untinged  with  blood.  On  listening 
to  the  chest,  coarse  crepitation,  with  some  dulness  on  percussion,  will  be  found 
over  the  injured  part  of  the  lung.  After  some  days,  the  patient  coughs  up  a 
small  quantity  of  dark,  coagulated,  viscid  blood  ;  and  the  sputa  may  be  tinged 
for  some  time  afterwards.  The  dyspnoea  and  cough  become  much  relieved, 
and  recoveiy  gradually  takes  place.  1 

It  is  probal)le  that  in  those  cases  the  lung  is  ccchymosed  at  the  time  of  the  j 
injury,  and  that  the  blood  extravasatcd  in  its  tissue  gradually  breaks  down,  | 
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being  then  discharged  by  coughing  in  the  viscous,  semi-coagiilated  state  above 
described — very  different  from  the  florid  frothy  sputum  of  recent  lung- 
wound. 

EuPTURE  OF  THE  LuNG,  that  is  to  say,  a  contused  wound  -with  laceration 
(if  the  visceral  pleura,  has  occasionally  been  observed  as  the  result  of  violent 
compression  in  some  cases  without  fracture  of  the  ribs.  Thus,  a  young  woman 
was  brought  into  University  College  Hospital  a  few  years  ago,  who  had  thrown 
herself  from  a  first-floor  window,  and  had  fallen  with  her  chest  against  an  iron 
i)ar.  She  died  soon  after  admission,  and  it  Avas  found  that  death  had  resulted 
from  htemorrhage  from  a  laceration  of  the  root  of  the  right  lung.  The  chest 
walls  were  extremely  elastic,  and  no  fracture  of  the  ribs  had  taken  place.  The 
symptoms  are  identical  with  those  of  a  wound  of  the  lung.  Rupture  of  the 
lung  is  a  dangerous  accident,  but  not  necessarily  fatal. 

Wound  of  the  Lung  is  the  most  common,  and  one  of  the  most  serious 
complications  of  injuries  of  the  chest.  Wounds  of  the  lung  may  be  divided 
into  those  which  communicate  with  the  external  air  by  a  wound  penetrating 
the  walls  of  the  thorax,  and  those  which  do  not.  In  an  organ  like  the  lung 
which  contains  air,  this  distinction  might  seem  of  but  little  importance  ;  but 
as  has  already  been  pointed  out,  it  is  the  dust  of  the  air,  and  not  the  gases, 
which  gives  rise  to  decomposition  of  extravasated  blood  or  inflammatory 
eff'usions.  The  well-known  experiment  of  Tyndall,  in  which  he  showed  that 
the  residual  air — that  is  to  say,  the  last  part  of  the  air  driven  out  from  the 
smaller  bronchial  tubes  and  the  air-vesicles  by  forced  expiration — contains 
no  dust,  proves  that  all  the  solid  particles  floating  in  the  atmosphere  are 
deposited  in  the  larger  tubes  ;  and,  consequently,  unless  the  wound  be  of 
sitfficient  depth  to  open  these,  there  is  no  i-eason  to  fear  that  decomposition 
will  take  place  in  the  cavity  of  the  pleura,  even  though  a  considerable  quantity 
<jf  air  may  escape  from  the  wound  of  the  lung.  Wounds  of  the  lung  vary  also 
greatly  in  severity — from  the  superficial  puncture  produced  by  the  pointed 
fragment  of  a  broken  rib,  to  a  deep  stab  by  a  sword-thrust,  or  the  wound 
produced  by  a  fragment  of  shell  or  a  bullet.  The  general  constitutional  effects 
will  necessarily  vary  in  accordance  with  the  nature  and  extent  of  the  injury. 

The  pleura  may  be  opened  at  any  part,  and  it  is  important  to  remember  its 
anatomical  relations.  Its  upper  part  extends  into  the  root  of  the  neck  from 
one  to  two  inches  above  the  anterior  end  of  the  first  rib,  or,  according  to 
Pansch,  from  half  an  inch  to  one  and  a  half  inches  above  the  clavicle.  Below 
the  limits  of  the  pleurse  are  as  follows  ;  behind  they  both  reach  to  the  tweKth 
rib,  and  sometimes  a  little  below  it  ;  in  the  axillary  line  the  right  pleura 
extends  to  the  lower  border  of  the  ninth  rib,  and  the  left  to  the  lower  edge  of 
tenth  ;  in  front  the  right  pleura  reaches  to  the  junction  of  the  seventh  rib 
with  its  cartilage,  and  the  left  a  little  lower.  Thus,  a  stab  in  the  ueck  OTie 
inch  and  a  half  above  the  clavicles  may  reach,  it,  and  a  shot  in  the  back  that 
shatters  the  twelfth  rib  will  wound  it  in  its  inferior  pouch,  where  it  is 
reflected  off  the  last  rib  on  to  the  diaphragm.  In  a  penetrating  wound  of 
tlie  chest,  so  low  down  as  this,  the  diaphragm  comes  into  such  close  contact 
with  its  posterior  walls  that  it  could  scarcely  escape  injury.  The  abdominal 
••avity  would  thus  be  opened,  and  some  of  its  viscera  probably  injiired.  As 
the  Umg  does  not  descend  below  the  tenth  rib,  it  could  be  Avounded  only  as 
'i<nv  as  the  ninth  intercostal  space  in  the  back,  unless  the  tenth  rib  itself  were 
|)cnetrated. 
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The  Symptoms  of  a  wound  of  tlie  lung  are  usually  sufficiently  well  marked, 
thougli  they  necessarily  vary  with  the  extent  of  the  injury.  There  is,  in  the 
first  place,  the  immediate  sliock  that  usually  accompanies  the  infliction  of  an 
injury  on  an  important  internal  organ,  in  severe  cases  amounting  to  extreme 
collapse.  The  patient  is  at  the  same  time  seized  with  considerable  difficulty 
of  breathing,  and  in  consequence  of  the  injury  to  the  parietes,  the  respiration 
is  as  a  rule  chiefly  abdominal ;  this  is  followed  by  much  tickling  and  irritating 
cough,  and  the  expectoration  of  frothy  bloody  mucus  ;  or,  if  a  large  vessel  is 
wounded,  great  quantities  of  pure  blood  may  be  brought  up.  On  auscultating 
the  chest  immediately  after  the  infliction  of  the  injury,  loud  coarse  rales  will 
be  heard,  caused  by  the  presence  of  blood  in  the  smaller  bronchial  tubes. 

Complications. — In  ordei'  to  save  repetition  and  to  make  the  subject  more 
clear,  it  will  be  better  first  to  describe  the  comphcations  that  may  attend 
wounds  of  the  lung.  The  principal  dangers  arise  fi-om  bleeding,  both  external 
and  internal,  the  occurrence  of  Hgemothorax,  Pneumothorax,  Emphysema, 
Pneumonia,  and  Empyema. 

1.  The  HBemorrhage  vaiies  with  the  part  of  the  lung  wounded,  and  the 
extent  of  the  wound.  If  the  large  vessels  near  the  root  are  hnplicated,  death 
occm-s  almost  instantaneously  from  loss  of  blood  and  sufibcation.  If  the  sur- 
face only  is  injured,  the  bleeding  may  be  very  slight.  When  it  is  abundant 
the  patient  spits  up  large  quantities  of  florid  frothy  blood,  a  considerable 
amount  of  which  may  be  swallowed  and  subsequently  vomited.  If  it  do  not 
prove  fatal,  this  bloody  expectoration  generally  ceases  in  a  great  measure  in 
the  course  of  forty-eight  hours,  giving  way  to  sputa  of  a  rusty  character.  If 
there  be  a  fi'ee  external  wound,  there  may  also  be  copious  bleeding  from  it ; 
but  not  unfrequently  the  blood  finds  its  way  into  the  pleural  sac  rather  than 
through  the  external  aperture  and  accumulates  in  it.  If  there  is  no  external 
wound,  such  blood  as  is  pom-ed  out  fr-om  the  surface  of  the  lung  must  neces- 
sarily find  its  way  into  the  pleura.  Death  may  arise  either  from  the  exhausting 
effects  of  this  internal  and  concealed  htemorrhao'e,  or  from  suffocation  through 
the  pressure  exercised  on  the  lungs  by  the  blood  in  the  plem'a.  Although 
bloody  expectoration,  to  some  extent  at  least,  is  an  almost  necessary  and  in- 
A-ariable  accompaniment  of  a  wounded  lung,  yet  I  have  seen  a  laceration  in 
that  organ  three  inches  in  length,  occasioned  by  the  projection  of  broken  ribs, 
which  proved  fatal  on  the  seventh  day  from  hjemothorax  and  pleuritic  effusion, 
unattended  by  any  expectoration  of  blood,  or  other  positive  sign  of  wound  of 
the  lung.  The  blood  in  these  cases  would  probably  be  infiltrated  into  the  loose 
tissue  of  the  lung  around  and  above  the  wound,  Avhere  it  would  coagulate  so  as 
to  offer  a  barrier  against  its  escape  into  the  bronchi,  Avhile  it  was  being  poured 
out  where  least  resistance  was  offered  to  it — viz.,  at  the  point  of  injury  in  the 
pleura.  The  symptoms  of  this  internal  ha3morrhage,  Hsemotliorax,  arc  those 
that  generally  characterize  loss  of  blood,  such  as  coldness  and  pallor  of  the 
surface,  small  weak  pulse,  and  a  tendency  to  collapse  Avith  increasing  dyspnoea. 
The  more  special  signs  consist  in  an  inability  to  lie  on  the  uninjured  side, 
with,  in  extreme  cases,  some  bulging  of  the  intercostal  spaces,  and  an  ccciiy- 
mosed  condition  of  the  posterior  part  of  the  wounded  side  of  the  chest.  If 
there  is  an  open  wound  there  will  be  occasional  gushes  of  blood  from  it  when 
the  patient  coughs.  The  most  important  signs  are  furnished  by  physical 
examination  of  the  chest.  As  the  blood  gravitates  towards  the  back  of  the 
chest,  between  the  posterior  wall  and  the  diaphragm,  there  will  be  gradually 
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increasing  dulness  on  percussion  in  this  situation,  with  absence  of  respiratory 
juurmur  and  of  vocal  fremitus.  In  the  upper  and  anterior  part  of  tlie  lung  air 
continues  to  enter,  but  as  the  pressure  increases  and  the  lung  becomes  more 
I'ompletely  collapsed,  the  vesicular  murmur  will  be  lost,  and  the  breath-souuds 
become  tubular  in  character. 

An  ecchymosis  of  the  loins  described  by  Valentin,  and  noticed  by  Larrey 
and  others,  occasioned  by  the  filtration  of  blood  through  the  wound  or  rent  in 
the  pleura  costalis  into  the  areolar  tissue  of  the  chest,  has  been  looked  upon 
by  some  Surgeons  as  pathognomonic  of  hgemothorax  ;  its  importance,  how- 
ever, is  secondary  to  that  of  the  auscultatory  signs,  as  in  many  cases  it  has 
not  been  met  with,  and  in  others  of  non-penetrating  wounds  of  the  chest  it 
has  occurred. 

2.  Emphysema,  or  the  infiltration  of  air  into  the  areolar  tissue  of  the 
body,  and  Pneumothorax,  or  the  accumulation  of  air  in  the  cavity  of  the 
pleura,  are  occasional  complications  of  a  woimded  lung.  Emphysema  of  a  very 
limited  character  without  pneumothorax  is  a  very  common  complication  of 
superficial  wounds  of  the  lung  from  simple  fractui'e  of  the  ribs,  and  is  of  no 
importance.    More  extensive  emphysema  is  almost  always  associated  with  air 
in  the  pleural  cavity.    These  accidents  occur  more  commonly  when  the  ex- 
ternal wound  is  small  and  oblique,  than  when  it  is  large  and  direct,  and  often 
happen  in  those  cases  in  which  the  lung  is  punctured  by  a  fractured  rib,  with- 
out there  being  any  external  wound.    Emphysema  and  pneumothorax  may 
occur  together,  but  either  may  also  be  met  with  separately.    The  mechanism 
of  traumatic  emphysema  is  most  commonly  as  follows.    The  two  layers  of  the 
pleura,  costal  as  well  as  visceral,  being  punctured  and  torn,  and  the  lung 
wounded,  a  quantity  of  air  is  sucked  into  the  pleural  sac  at  every  inspiration, 
either  through  the  external  wound,  or,  if  none  exist,  from  the  hole  in  the  lung, 
thus  gi^'ing  rise  to  pneumothorax.    At  every  expiration,  the  air  that  thus 
accumulates  in  the  pleural  sac,  being  compressed  by  the  descent  of  the  walls 
of  the  chest,  is  pumped  into  the  areolar  tissue  around  the  edges  of  the  wound  ; 
and  if  this  be  oblique  and  valvular,  or  if  no  external  wound  exist,  the  air  being 
unable  to  escape  Avholly  through  it,  finds  its  w^ay  at  each  succeeding  respira- 
tion further  into  the  large  ai-eolar  planes,  first  about  the  trunk  and  neck,  and 
eventually,  perhaps,  into  those  of  tlae  body  generally.  Under  no  circumstances 
can  any  air  find  its  way  back  into  the  bronchial  tubes,  for  although  a  wound 
in  the  lung  allows  air  to  pass  readily  in  the  direction  of  the  pleura,  it  oifers 
a  valve-like  resistance  to  its  passage  in  the  opposite  direction.  Though 
this  is  the  way  in  which  the  most  marked  cases  of  emphysema  occur,  it  may 
be  occasioned  otherwise.    Thus,  for  instance,  I  had  once  under  my  care  a 
woman  who  had  extensive  emphysema  of  the  areolar  tissue  of  the  trunk  from 
fractured  ribs,  but  without  any  pneumothorax,  the  lung  having  been  M-ounded 
at  a  spot  where  it  was  attached  to  the  walls  of  the  chest  by  old  adhesions,  and 
the  air  having  passed  through  them  into  the  areolar  tissue  of  the  body,  with- 
out first  entering  the  cavity  of  the  pleura.    I  have  seen  extensive  emphysema 
occasioned  also  by  the  apex  of  the  lung  being  wounded  by  the  fragments  of  a 
comminuted  chn  icle.    Hilton  has  described  a  form  of  traumatic  emphysema 
that  arises  from  the  rupture  of  an  air-cell  without  any  external  wound.  The 
air  passes  along  the  root  of  the  lung  into  the  middle,  and  thence  into  the 
superior  mediastinum  ;  rmming  up  along  the  great  vessels  and  oesophagus,  it 
enters  the  neck  between  the  layers  of  cervical  fascia  A\hich  enter  the  thorax  in 
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front  of  the  grcab  vessels  and  beliind  the  oesophagus  respectively.  From  these 
the  carotid  and  subclavian  vessels,  with  their  nerves,  derive  sheaths,  so  the  air 
now  runs  along  these  structures  into  the  limbs  and  neck. 

The  air  which  escapes  from  a  wound  of  the  lung  is,  as  before  stated, 
thoroughly  filtered,  and  has  no  tendency  to  give  rise  to  putrefaction  of  the 
extravasated  blood  or  inflammatory  elfusions  in  the  parts  about  the  wouud, 
and  in  the  vast  majority  of  cases  of  simple  fracture  of  the  ribs,  complicated  by 
a  slight  wouud  of  the  lung  and  subcutaneous  emphysema,  no  suppuration 
follows  the  accident.  I  have,  however,  seen  extensive  suppuration  in  the 
areolar  tissue,  so  that  the  broken  parts  of  the  fractured  ribs  lay  bathed  in  pus, 
when  the  emphysema  was  the  result  of  puncture  of  the  lung  by  the  broken 
rib,  without  any  wound  in  the  skin. 

The  Symptoms  of  Emphysema  are  very  distinct.  There  is  a  puffy  diffused 
swelling,  pale  in  colour,  and  crackling  when  pressed  upon,  at  first  confined  to 
the  neighbourhood  of  the  wound,  if  there  be  one  externally  ;  if  not,  making 
its  appearance  opposite  the  fractured  ribs,  and  gradually  extendmg  over  the 
upper  part  of  the  trunk  and  neck.  To  these  parts  it  is  usually  limited  :  m 
some  cases,  however,  which  are  happily  rare,  the  swelling  becomes  more 
general,  the  body  being  blown  up  to  an  enormous  size,  the  featm-es  effaced,  I 
movement  of  the  limbs  interfered  with,  respiration  arrested,  and  suffbcation  i 
consequently  induced;  after  death,  air  has  been  found  in  all  the  tissues, 
even  under  the  serous  coverings  of  the  abdominal  organs.  The  rapidity  with 
which  the  emphysema  diffuses  itself  will  depend  largely  upon  the  nature  of 
the  opening  in  the  chest-wall,  whether  valvular  or  direct,  and  upon  whether 
the  patient  coughs  or  not — coughing,  if  violent,  causing  very  rapid  and 
extensive  infiltration  of  air  over  the  body.  I  have  seen  in  such  a  case  the 
scrotum  blown  up  to  the  size  of  a  cocoa-nut  five  minutes  after  the  chest  had 
been  punctured.  In  traumatic  p?ieumothorax  the  auscultatory  phenomena  are 
very  distinctly  marked ;  there  is  a  diminution  or  complete  absence  of  the 
respiratory  murmur  and  of  vocal  ft-emitus  on  the  affected  side,  with  loud 
tympanitic  resonance  on  percussion,  displacement  of  viscera,  and  considerable 
distress  in  breathing.  If  the  pressure  in  the  pleura  becomes  very  great, 
respiration  may  be  completely  arrested  by  pressm^e  on  the  opposite  lung. 

3.  Pneumonia. — Every  wound  of  the  lung  is  necessarily  followed  by  a 
localised  traumatic  inflammation,  limited  to  the  jjarts  actually  injured. 
The  inflammatory  exudation  fills  the  air-vesicles,  and  thus  causes  a  consoli- 
dation of  the  lung  at  the  injured  spot.  This  is  a  necessary  stage  in  the  process 
of  repair,  and  in  subcutaneous  injuries  has  little  or  no  tendency  to  spread.  In 
cases  complicated  by  the  admission  of  unpurified  air  from  Avithout,  decora- 
position  of  the  extravasated  blood  and  inflammatory  effusion  frequently 
occurs,  and  the  piresence  of  the  irritating  products  of  putrefaction  in  the  track 
of  the  wound  may  lead  to  an  extension  of  the  inflammation,  with  suppuration, 
and  occasionally  gangrene  of  a  portion  of  the  lung.  More  commonly  the  lung 
collapses,  in  consequence  of  the  pressure  of  blood  and  inflammatory  effusion  in 
the  pleura,  and  at  tha  post-mortem  examination,  if  the  jjaticnt  should  die,  the 
consolidation  of  the  lung  is  found  to  extend  scarcely  beyond  the  parts  actually 
injured  by  the  missile  or  weapon  by  which  the  wound  was  inflicted.  The 
comparative  rarity  of  spreading  pneumonia  in  cases  of  gun-shot  wound  of  the 
lung  is  specially  commented  on  in  the  Reports  of  the  Civil  "War  in  America, 
and  was  noted  also  by  Klebs  and  Socin  in  the  Franco-German  War  of  1870. 
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The  simple  localized  traumatic  inflammation  consequent  on  an  injury  causes 
l)ut  slight  constitutional  disturbance,  and  it  is  only  in  exceptional  cases  that  it 
I  ould  Jive  rise  to  definite  physical  signs.  There  may  be  a  little  fine  crepita- 
tion, and  possibly  a  recognizable  dulness  ;  but  more  commonly  the  physical 
lion's  are  obscured  by  htemon-hage  into  the  lung-substance,  and  into  the  cavity 
I  if  the  pleura.  The  rusty  sputa  are  more  the  consequence  of  the  hemorrhage 
i  iito  the  air- vesicles  than  of  inflammatory  hypergemia.  Should  spreading  septic 
inflammation  set  in,  the  constitutional  symptoms  are  much  more  grave,  very 
iiigh  fever  being  caused  by  absorption  of  the  products  of  putrefaction,  the  tem- 
perature reaching  104°  F.  or  105°  F.  It  may  then  occasionally  be  possible  to 
recognize  the  ordinary  signs  of  pneumonia — hurried  respiration,  fine  crepitation, 
dulness  on  percussion,  increased  vocal  fi-emitus,  tubular  or  bronchial  breath- 
ing, and  increased  vocal  resonance,— but  far  more  commonly  all  these  signs 
are  wanting  in  consequence  of  the  simultaneous  inflammation  of  the  pleura, 
with  efi'usion  into  its  cavity.  The  pneumonia  that  occurs  as  a  consequence  of 
injury  differs  essentially  from  idiopathic  croupous  pneumonia.  The  disease  has 
of  course  no  fixed  locality,  starting  as  it  does  from  the  wound,  and  it  has  much 
less  tendency  to  spread.  Moreover  it  occurs  most  frequently  in  a  collapsed  or 
partially  collapsed  lung,  and  consequently  there  is  not  the  same  distension  of  the 
air-vesicles  with  infiammatory  exudation.  It  is  a  most  dangerous  complication, 
but  not  hopeless.  If  free  drainage  be  provided  from  the  pleura,  the  mischief 
may  cease  to  spread,  granulations  may  spring  up,  and  the  wound  in  the  lung 
may  gradually  close. 

Foreign  bodies  are  frequently  carried  into  the  substance  of  the  lung  in  gun- 
shot wounds  of  the  chest.  If  these  are  metallic,  they  may  become  encysted  ; 
if  non-metallic,  as  pieces  of  clothing,  they  more  commonly  give  rise  to  suppu- 
ration ;  and  should  the  patient  recover,  may  ultimately  find  their  way  into  the 
l;)ronchi,  and  be  coughed  up. 

4.  Pleurisy  and  Empyema. — "Whenever  the  pleura  is  wounded,  whether 
it  be  by  a  fractured  rib  or  by  a  direct  open  wound,  and  whether  the  lung  be 
injured  or  not,  localized  traumatic  inflammation  necessarily  results,  and  the 
first  stage  in  the  repair-  of  the  injury  in  the  serous  membrane  is  adhesion  of 
the  two  opposed  surfaces  by  means  of  the  inflammatory  exudation.  After- 
^vards  firm  fibrous  adhesions  are  formed  between  the  parietal  and  visceral  pleura 
at  the  injured  spot,  thus  obliterating  to  a  certain  extent  the  serous  sac.  Sub- 
cutaneous injuries  of  the  pleura,  such  as  are  made  by  the  ends  of  a  broken  rib, 
rarely  give  rise  to  any  serious  trouble.    The  inflammation  remains  strictly 
limited  to  the  injured  spot,  and  shows  little  tendency  to  spread.    Even  when 
the  physical  signs  have  shown  that  some  amount  of  blood  has  been  extrava- 
sated  into  the  cavity  of  the  pleura,  the  inflammation  rarely  reaches  the  stage 
of  suppuration  unless  there  is  an  external  wound.    If  there  is  an  external 
wound,  the  condition  is  always  one  of  considerable  danger.    The  cavity 
of  the  pleura  is  partly  filled  with  extravasafced  blood  and  inflammatory 
'■xadation,  that  is  to  say,  with  putresoible  matter,  to  which  the  air  has  free 
idmission  by  the  external  wound  ;  at  the  same  time,  in  most  cases,  the 
drainage  by  tlie  wound  is  very  imperfect.    Decomposition  naturally  follows, 
and  the  decomposing  matter  sets  up  the  most  intense  inflammation  of  the 
pleura,  rapidly  reaching  the  stage  of  suppuration.    The  lodgment  of  a  foreign 
body  in  the  pleural  cavity  or  an  unhealthy  constitutional  condition  of  the 
patient  necessarily  favours  the  formation  of  pus  in  the  pleura.    In  wounds  of 
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the  pleural  cavity  which  follow  this  course,  the  effased  fluid  is  at  first  serum 
with  some  flakes  of  lymph  floatino-  in  it,  and  it  is  generally  mixed  with  blood 
from  the  wounded  lung-.  The  effusion  takes  place  very  rapidly,  so  as  to  half 
fill  one  side  of  the  chest  in  two  or  three  days.  By  about  the  third  day  it 
becomes  turbid,  and  before  the  end  of  a  week  it  assumes  the  character  of  pus. 
The  discharge  from  the  wound  is  often  offensive,  and  is  extremely  acrid,  ex- 
coriating the  skin.  The  constitutional  symptoms  are  most  severe,  the  tempera- 
ture rising  to  104°  F.  or  105°  F.  The  patient  may  perish  during  the  first 
week  from  absorption  of  the  products  of  putrefaction.  Should  he  survive  till 
suppuration  is  fully  established,  the  intensity  of  the  symptoms  subsides,  the 
cavity  may  gradually  close,  and  recovery  take  place ;  or  death  may  ensue  from 
hectic  or  exhaustion  from  prolonged  suppuration.  The  discharge  in  these 
cases  is  sometimes  enormous  in  quantity,  and  is  composed  of  thin  serous  pus,' 
It  may  be  sufficient,  not  only  to  soak  the  bed-clothes,  but  actually  to  run 
through  on  to  the  floor,  unless  the  dressings  are  very  frequently  changed. 

The  presence  of  fluid  in  the  pleura  maybe  recognized  by  the  physical  signs  • 
dulness  on  percussion  and  absence  of  respiratory  murmur  at  the  lower  and 
posterior  parts  of  the  chest,  up  to  a  level  which  has  a  gradual  tendency  to 
ascend,  and  which  varies  according  as  the  patient  is  upright  or  recumbent ; 
the  vocal  fremitus  is  abolished  over  the  fluid,  and  the  voice-sound  is  muffled! 
At  the  border  of  the  fluid  there  is  occasionally  segophony.  In  cases  in  which 
there  is  no  external  wound,  or  in  which  it  has  been  closed,  the  whole  side  of 
the  chest  may  be  filled  with  fluid.  There  is  then  complete  absence  of  all 
breath-  and  voice-sounds  and  of  vocall fremitus,  with  increase  of  size  on 
measurement,  bulging  of  the  intercostal  spaces,  and  compression  of  the 
lung  against  the  spine;  and,  if  the  left  pleura  be  filled,  displacement  of  the 
heart  towards  the  right,  side— if  the  right  pleura,  descent  of  the  liver  below 
its  normal  level,  and  displacement  of  the  heart  to  the  left.  When  the  pleuritic 
effusion  and  extravasation  reach  such  a  degree  as  this,  there  is  necessarily 
great  dyspnoea,  and  death  will  usually  speedily  ensue.  If  there  be  air  as  well 
as  fluid  in  the  cavity  of  the  pleura,  it  can  be  recognized  by  the  combination 
of  the  signs  of  pneumothorax  at  the  u^Dper  part  of  the  chest,  with  those  of 
fluid  at  the  lower.  Occasionally  distinct  splashing  sounds  may  be  produced 
by  gently  shaking  the  patient.  If  it  is  desired  to  ascertain  the  nature  of  the 
fluid  in  the  pleural  cavity,  a  small  quantity  may  be  drawn  off  by  means  of  a 
hypodermic  syringe. 

Collapse  of  the  Lung. — In  wounds  of  the  chest,  as  soon  as  air  is  admitted 
to  the  cavity  of  the  pleura  the  atmospheric  pressure  on  the  surface  of  the  lung 
and  within  the  air-vesicles  becomes  equal  and  it  would  be  naturally  supposed 
that  the  lung  would  at  once  collapse  by  virtue  of  its  own  elasticity.  This, 
however,  is  not  always  the  case.  The  chest  may  be  largely  o]iened  and  yet  no 
collapse  may  take  place.  This  seems  most  probably  to  be  due  to  the  adhesion 
of  the  two  smooth  moist  pleural  surfaces  to  each  other.  When  collapse  of  the 
lung  occurs  early  it  is  often  due  to  air  entering  the  pleura  during  inspiration, 
either  from  the  lung  or  from  without,  and  in  consequence  of  the  valve-like 
action  of  the  wounded  lung,  oi-  an  oblique  external  wound,  being  unalile  to 
escape  during  expiration  ;  consequently,  as  the  chest-walls  descend,  the  lung 
is  squeezed  by  the  compressed  air.  This  may  be  repeated  at  each  respiration 
till  no  further  collapse  of  the  Inng  is  jiossible.  In  tlie  later  stages  it  may  be 
due  to  compression  by  blood  or  by  inflammatory  effusion.    The  complications 
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tluifc  may  attend  wounds  of  the  lung  having  been  uescribed  we  are  now  in  a 
position  to  consider  the  different  varieties  of  that  injury. 

Subcutaneous  Wounds  of  the  Lung  from  Fractured  Ribs.— Slight 
injuries  to  the  lung  arc  extremely  common  in  fractures  of  the  ribs  by  direct 
violence,  but  as  has  been  already  pointed  out,  are  much  less  likely  to  occur  in 
iVactm-es  by  indirect  violence,  as  in  these  the  pointed  ends  of  the  fragments 
are  directed  outwards.  These  injuries  rarely  extend  deeply  into  the  lung. 
The  usual  symptoms  ai'e  shght  hasmoptysis,  ceasing  by  the  second  day, 
loUowed  by  rusty  sputa  and  Hmited  dulness  round  the  injury,  and,  possibly,  at 
the  base  of  the  pleural  cavity  from  extravasated  blood.  There  may  be  a  little 
coai-se  crepitation  from  blood  in  the  lung.    Emphysema  is  of  frequent  ocoui'- 

iice,  but  pneumothorax  is  a  rare  complication;  it  seems  that  a  little  air 
iciidily  finds  its  way  across  the  pleural  cavity,  without  any  separation  of  the 
Aisceral  from  the  parietal  pleura,  probably  in  consequence  of  the  natural 
cohesion  of  two  smooth  moist  surfaces.  Occasionally  the  absence  of  air  in  the 
jileural  cavity  in  these  cases  may  be  due  to  the  presence  of  adhesions.  The : 
emphysema  in  these  cases  is  rarely  extensive.  These  slight  wounds  of  the 
hmg  in  a  healthy  subject  scarcely  add  to  . the  gravity  of  the  case,  and  require 
tiu  treatment  beyond  that  of  the  fractured  rib. 

More  severe  wounds  of  the  lung  may  occur  from  fractures  of  the  ribs,, 
arcompanied  by  pneumothorax,  extensive  emphysema  and  htemothorax.  These 
ire  occasionally  followed  by  pleurisy,  with  effusion  or  even  empyema.  The. 
uuijority  of  these  severe  injuries,  however,  do  well  so  long  as  the  patient  is 
healthy  and  there  is  no  open  wound. 

Penetrating  Wounds  of  the  Thorax  with  Wound  of  the  Lung. — 
A  penetrating  wound  is  recognized  by  the  presence  of  an  external  opening, 
through  wliich  air  is  frequently  drawn  in  and  out  during  respiration,  with  the 
-igns  before  given  of  wound  of  the  lung.  These  cases  are  always  serious,  as 
fium  the  admission  of  air  from  ^vithout  there  is  great  risk  of  the  occurrence 
'  )t  septic  pleurisy  and  pneumonia.  Moreover,  in  a  large  proportion  of  cases 
the  injmy  to  the  lung  extends  more  deeply  than  any  wound  which  can 
possibly  be  inflicted  by  a  broken  rib. 

Wounds  of  the  Lung  lij  sharp  penetrating  instruments,  as  knives  or  swords, 
are  specially  liable  to  be  complicated  by  profuse  htemorrhage,  both  into  the 
])leura  and  into  the  air-tubes.    Whoxi  penetrating  the  chest-wall  obliquely,  so 
as  to  leave  a  valved  opening,  they  may  give  rise  to  emphysema  and  pneumo- 
ihorax  ;  in  fact,  it  is  in  this  class  of  cases  that  these  conditions  have  most 
commonly  been  met  with  in  an  extreme  degree.    Septic  pleurisy  and  empyema 
.  are  common  complications,  but  from  the  clean,  incised  character  of  the  wound 
■  and  the  absence  of  foreign  bodies  carried  into  it  there  is  a  fair  hope  of  pre- 
venting these  complications  and  obtaining  union  of  the  external  wound  l)y  the 
1  first  intention  if  proper  treatment  be  adopted. 

Wounds  of  the  Lung  by  dlunt  instruments,  as  in  bullet-  or  shell -wounds  or  in 
1  machinery  accidents,  form  by  far  the  gravest  class  of  these  injuries.    In  con- 
'  sequence  of  the  form  and  size  of  the  external  opening,  emphysema  is  a  some- 
"  what  rare  complication,  and  when  air  is  present  in  the  pleura  it  is  seldom  at 
any  degi-ee  of  pressure.    Hasmothorax,  to  a  greater  or  less  extent,  is  always 
present,  and  in  the  majority  of  cases,  as  the  external  wound  can  scarcely  heal 
•  by  the  first  intention,  septic  pleurisy  and  empyema  follow  the  injury.    It  is 
sometimes  complicated  by  spreading  inflammation  of  the  lung,  terminating 
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iu  suppurafciou  or  gangrene.  These  cases  are  frequently  complicated  by  the 
lodgment  of  foreign  bodies,  such  as  bullets  or  pieces  of  clothing. 

The  Prognosis  in  wounds  of  the  lungs  is  necessarily  extremely  unfa\  our- 
able  if  the  injury  be  severe.  The  danger  will  depend  greatly  upon  whether  the 
wound  be  open  or  subcutaneous,  upon  the  nature  of  the  instrument  inflict- 
ing it,  and  upon  its  extent.  If  the  lung  be  wounded  by  the  sharp  end  of  a 
broken  rib,  recovery  usually  ensues.  Punctured  wounds  of  the  chest,  pene- 
trating the  lungs,  are  always  very  serious  ;  but  here  the  danger  will  depend 
partly  on  the  depth  of  penetration,  partly  on  the  size  of  the  instrument  that 
occasions  the  wound.  The  nearer  the  wound  penetrates  to  the  root  of  the 
lungs,  the  greater  is  the  danger  of  haemorrhage  from  the  larger  vascular  trunks. 
Grun-shot  wounds  of  the  chest  are  far  more  dangerous  than  stabs,  owing  partly 
to  the  laceration  attendant  on  a  bullet-wound,  but  chiefly  to  the  fact  that  the 
external  wound  can  rarely  heal  without  suppuration  and  consequently,  unless  it 
be  prevented  by  antiseptic  treatment,  septic  pleurisy  and  empyema,  and  perhaps 
also  pneumonia,  are  almost  certain  to  occur.  Their  danger  is  increased  also, 
in  many  cases,  by  the  lodgment  of  the  bullet  or  other  foreign  bodies. 

In  the  American  Report  of  the  "War  of  the  Rebellion,  a  table  is  given  of 
1609  cases  of  penetrating  wounds  of  the  chest,  collected  from  various  sources, 
including  the  reports  of  Mouat  on  the  New  Zealand  "War,  Chenu  and 
Matthew  on  the  Crimean  "War,  Stromeyer  on  the  Danish  "War,  and  others. 
Of  these  1049  died,  being  an  average  mortality  of  65'2  per  cent.  In 
the  American  Civil  War  8715  cases  were  recorded,  with  5260  deaths, 
or  62*6  per  cent.  The  highest  mortality  recorded  was  in  the  Crimean 
War,  in  which  91*6  per  cent  of  these  cases  terminated  fatally  amongst 
the  French  troops,  and  79 "2  amongst  the  English.  Longmore  remarks  that 
the  apparently  great  mortality  in  the  Crimean  returns  was  due  largely  to  the 
proximity  of  the  field-hospitals  to  the  trenches,  where  the  patients  were 
wounded  ;  if  they  had  been  wounded  in  the  ordinary  circumstances  of  a  battle, 
many  of  them  would  never  have  reached  a  hospital.  The  gi'eat  danger  and 
principal  cause  of  death  in  these  injuries  is  unquestionably  the  haemorrhage 
that  ensues.  This  may  prove  immediately  fatal  if  one  of  the  larger  pulmonary 
vessels  be  divided.  As  the  bleeding  is  most  abundant  at  and  shoi-tly  after  the 
receipt  of  the  wound,  Hennen  states  that,  if  the  patient  survive  the  third  day, 
great  hopes  may  be  entertained  of  his  recovery.  After  this  period,  the  chief 
som'ce  of  danger  is  the  occurrence  of  septic  inflammation  in  the  pleura  and 
sometimes  also  in  the  injured  lung,  the  probability  of  the  occuiTence  of  which 
is  greatly  increased  in  gun-shot  injuries  by  the  frequent  lodgment  of  foreign 
bodies  within  the  chest.  The  immediate  cause  of  death  at  this  stage  is 
the  accumulation  of  decomposing  inflammatory  eff'usion  in  the  pleural  cavity 
and  the  absorption  of  the  products  of  putrefaction.  This  may  jirove  fatal 
from  the  fourth  to  the  eighth  day.  Emphysema  is  seldom  a  dangerous 
complication,  though  it  may  become  so  if  very  extensive  and  allowed  to 
increase  unchecked. 

If  both  lungs  be  wounded  at  the  same  time,  the  result  is  almost  inevitably 
fatal,  cither  Ijy  the  abundant  hEBmorrhage  sufl'ocating  or  exhausting  the 
patient,  or  else  by  induction  of  asphyxia  in  consequence  of  air  being  drawn 
into  both  the  pleural  sacs.  This,  however,  does  not  necessarily  result  ;  and 
there  are  a  sufficient  number  of  cases  on  record  of  recoveries  after  stabs  or 
bullet-wounds  trav  ersing  both  sides  of  the  chest,  to  show  that  colla])se  of 
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the  lungs  and  consequeufc  asphyxia  does  uot  necessarily  result  from  this  double 
injury,  which  indeed  has  also  been  determined  experimentally  on  animals  by 
Cruveilhier. 

The  Treatment  of  wounds  of  the  chest,  implicating  the  lungs,  must  have 
reference  to  the  various  sources  of  danger  that  have  just  been  indicated  and 
to  the  nature  of  the  wound. 

The  Local  Treatment  in  cases  of  injury  of  the  lung  from  a  hrohen  rib 
without  an  external  wound  is  veiy  simple.  The  routine  system  of  bandaging 
or  strapping  up  the  chest  tightly  must  not  be  followed  in  all  cases.  There 
are  two  conditions  in  which  it  is  not  advisable  :  the  first  is  when  the  frag- 
ments of  the  broken  rib  are  sharp  and  angular,  and,  projecting  inwards  on 
the  pleura  and  lung,  produce  pain,  distress,  and  no  slight  danger  of  further 
hijury  to  these  structures  if  pressed  down  upon  them  ;  secondly,  when  the  lung 
has  become  compressed  by  the  effusion  of  air,  serum,  or  blood  into  the  pleural 
sac.  In  the  latter  cases,  tight  bandaging  of  the  chest  will  produce  great 
distress  ;  for,  the  lung  on  the  injm'ed  side  being  already  rendered  useless,  or 
nearly  so,  by  the  compression,  respiration  is  altogether  carried  on  by  the  lung 
on  the  uninjured  side.  If  the  chest  be  uniformly  or  tightly  compressed,  the 
use  of  this  lung  also  is  interfered  with  to  such  an  extent,  that  a  semi-asphyxial 
condition  may  ensue.  In  such  cases  the  better  plan  is  to  strap  up  only  the 
injured  side  from  spine  to  sternum,  so  as  to  restrain  its  movements  and  leave 
the  sound  side  free. 

In  a  penetrati?!//  ivouncl  of  the  chest  by  a  sharp  cutting  instrument,  if  it 
1)6  a  clean  piuicture,  an  attempt  should  be  made  to  close  it  in  such  a  way 
as  to  obtain  union  by  the  first  intention.  For  this  pm-pose  some  form  of 
antiseptic  treatment  should  always  be  adopted.  The  skin  around  the  wound 
must  be  cleaned  with  some  efiicient  antiseptic  solution,  such  as  carbolic  acid 
lotion  (1  in  20),  and  the  Avound  itself  may  be  wiped  out  by  means  of  a  sponge 
soaked  in  the  same  solution  and  held  in  a  pair  of  forceps.  If  the  wound  be 
large  the  edges  may  then  be  brought  together  by  sutures  ;  if  it  be  small  and 
not  gaping,  these  are  not  required.  The  surface  must  then  be  covered  with  an 
antiseptic  dressing.  In  the  absence  of  an  antiseptic  dressing  the  wound  may 
ite  closed  by  lint  and  collodion,  or  a  piece  of  lint  may  be  soaked  in  the  blood 
and  allowed  to  dry  upon  it.  If  the  wound  be  thus  closed  the  patient  must 
Ih!  carefully  examined  daily  for  elTusion  into  the  pleura,  and  the  temperature 
iimst  be  watched.  Should  there  be  increasing  dulness,  with  a  high  temperature, 
the  fluid  must  be  removed  by  means  of  the  aspirator,  and  examined.  Should 
it  be  turbid  or  jinrulent  a  free  vent  must  be  at  once  provided  for  it,  either 
liy  opening  up  the  original  wound,  or  by  making  a  new  one  at  the  most 
l  onvenient  spot. 

Should  the  wound  be  large  and  deep,  with  blood  and  air  issuing  fi-eely 
through  it  from  the  injured  lung,  it  should  not  be  completely  closed,  otherwise 
[  pneumothorax,  and  emphysema,  or  haamothorax  will  certainly  occur,    i  t  may 
be  cleaned  with  an  antiseptic  solution,  and  partly  closed  by  sutures,  a  large 
•  flrainage-tube  inserted,  and  an  antiseptic  dressing  applied,  or  in  the  absence 
'  of  antiseptics  it  may  be  covered  with  a  piece  of  oiled  lint.    The  patient 
should  be  laid  on  the  wounded  side,  and  the  wall  of  the  chest  may  be  fixed  by 
long  broad  strips  of  plaster  applied  to  the  injured  side  only,  an  aperture  being 
left  between  the  strips  opposite  the  wound.    Mouat  states  that  excellent 
results  have  followed  this  plan  of  treatment  in  military  practice. 
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If  there  is  no  antiseptic  lotion  at  hand  tlie  Surgeon  should  defer  the 
examination  till  the  patient  has  reached  the  hospital.  Nothing  is  more 
certain  to  give  rise  to  septic  pleurisy  than  the  introduction  of  a  dirty  fingei-. 

Tn  Bullet-wounds  of  iJis  Lung  the  wound  should  be  carefully  examined  with 
the  finger,  purified  by  some  antiseptic  fluid.  At  the  time  of  examination  all 
foreign  bodies  that  are  within  reach  sliould  be  extracted.  If  there  be  any 
difficulty  in  doing  this,  it  may  be  necessary  to  enlarge  the  aperture  ;  but  the 
Surgeon  must  not  go  too  deeply  or  perseveringly  in  search  of  tlie  foreign  body, 
lest  he  excite  more  irritation  than  it  would  if  left  alone.  No  attempt  should 
be  made  to  close  the  aperture,  so  that  the  escape  of  any  extraneous  substance 
that  may  have  been  left  in,  or  of  extravasated  blood,  or  inflammatory  effasions,  : 
may  not  be  interfered  with.  The  wound  should  be  cleaned  with  an  antiseptic 
solution,  and  dressed  antiseptically.  If  the  means  of  doing  this  are  not  at 
hand,  the  patient's  chance  of  recovery  will  be  increased  by  enlarging  the 
wound  if  it  be  too  small  to  allow  a  free  exit  to  all  discharges,  after  which  it 
may  be  covered  with  oiled  lint,  or  some  dry  absorbent  dressing. 

The  Constitutional  Treatment  of  wounds  of  the  lung  presents  nothing  . 
peculiar.  During  the  first  few  hours  the  chief  danger  is  loss  of  blood,  and  as  - 
the  feeble  state  of  the  circulation  during  the  state  of  shock  that  immediately  I 
foDows  the  injury  is  favourable  to  the  arrest  of  hemorrhage,  the  patient  should 
not  be  prematurely  roused  by  the  administration  of  stimulants.  He  must  bej 
kept  lying  on  the  injured  side,  and  have  ice  to  suck,  or  a  little  iced  milk  and 
soda-water,  or  barley-water,  to  drink,  when  these  are  obtainable.  He  must  be 
forbidden  to  talk,  and  kept  at  perfect  rest.  If  no  complications  ensue,  he 
must  be  kept  on  moderate  diet  for  a  few  days,  after  which  he  may  take  such 
food  as  he  is  inclined  for. 

Treatment  of  the  Complications  of  Penetrating  Wounds  of  tlie 
Iiuug. — Profuse  Immorrlmcje  is  a  common  complication  in  all  wounds  of  the 
chest.    It  may  occasionally  come  from  a  wounded  intercostal  or  internal 
mammary  artery,  and  must  then  be  treated  by  the  method  described  on  p.  473. 
If  the  haemorrhage  come  from  the  puhnonary  tissue,  the  first  indication  con- 
sists in  diminishing  the  quantity  and  force  of  the  blood  circulating  through 
the  Imigs,  and  thus,  by  lessening  the  impulse  of  the  heart  and  increasing  the 
tendency  of  the  blood  to  coagulate  in  the  smaller  vessels,  to  endeavour  to  arrest 
the  haemorrhage  from  these  organs.    If  the  haemon-hage  have  been  veiy  abun- 
dant, the  collapse  and  fainting  conseciuent  upon  this  may  tend  to  induce  a ' 
natural  cessation  of  the  bleeding,  whicli  thus  often  spontaneously  ceases  on  the  ; 
supervention  of  syncope.    Should  the  haemoptysis,  however,  continue  m  return  ) 
from  time  to  time,  what  should  be  done  ?  Here  a  very  considerable  discrepancy  ; 
of  opinion  exists  amongst  Surgeons  :  the  question  at  issue  being  whether  vene- 
section should  be  adopted  with  the  view  of  restraining  the  hemorrhage,  or  the  I 
patient  be  treated  by  rest,  low  diet,  ice,  digitalis,  and  similar  remedies.    Up  i 
to  the  close  of  the  Crimean  war,  the  most  experienced  Surgeons  were  uuani- 
mous  in  their  opinion,  that  the  patient's  safety  lay  in  free  and  repeated  vene- 
section. John  Bell,  Hennen,  and  Guthrie, all  concurred  in  urging  the  necessity  i 
of  free  venesection  so  as  to  keep  down  the  action  of  the  heart.    According : 
to  these  writers,  whenever  this  rises  and  the  cough  or  hasmoptysis  returns, 
recourse  should  be  had  to  the  lancet.    In  the  Crimean  campaign,  Macleod 
states,  that  "  those  cases  did  best  in  Avhich  early,  acti\  e,  and  repeated  bleed- 
ings were  had  recourse  to."    In  the  official  Report  of  the  Medical  and  Surgicali 
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History  of  the  War  in  the  Crimea,  venesection  is  advocated  with  equal  decision 
as  a  means  of  arresting  haemoptysis.  The  writer  states  :  "  When  hemoptysis 
t(i  any  considerable  or  dangerous  extent  is  present,  venesection  for  the  rapid 
induction  of  syncope  seems  not  only  allowable,  but  seems  to  afford  the  onl 
'  iKxnce  of  safety,  and  may  even  require  to  be  repeated."  However  paradoxical 
111-  even  irrational  it  might  at  first  sight  appear  to  endeavour  to  restrain  one 
l\temorrhage  by  establishing  anothei-,  yet  the  practice  seemed  established  as  the 
result  of  experience  ;  and  its  good  effects  could  be  explained  by  the  sudden 
induction  of  syncope  giving  time  for  the  sealing  up  of  the  pulmonary  vessels 
liy  coagulation  of  blood  within  them.  But  although  this  was  the  practice 
up  to  a  comparatively  recent  period,  the  views  of  military  Surgeons  on  this 
point  seem  now  to  have  undergone  a  complete  change  ;  and  the  experience 
derived  from  the  great  war  of  the  rebellion  in  America  and  from  the  Maori 
war  in  New  Zealand,  has  led  to  the  promulgation  of  different  doctrines  and 
the  adoption  of  a  different  line  of  practice.  In  the  American  war,  venesection 
appears  to  have  been  generally  abandoned,  while  reliance  was  placed  on  rest, 
cold,  and  opium  for  the  suppression  of  haemorrhage  ;  and  this  practice  is 
said  to  have  been  generally  satisfactory.  In  New  Zealand,  Mouat  states  that 
bleeding  was  almost  entirely  discarded.  Lougmore  says  that,  if  the  patient 
should  survive,  the  loss  of  blood  by  venesection  seems  to  interrupt  the 
reparative  measures  adopted  by  nature. 

If  extravasation  of  blood  into  the  pleura  be  going  on,  its  further  effusion 
must,  if  possible,  be  arrested  by  the  same  means.  Should,  however,  the 
hccmorrhage  continue  notwithstanding  the  employment  of  the  means  indi- 
cated, Guthrie  advises  that  the  wound  should  be  closed,  so  that  the  blood  that 
flows  into  the  pleural  sac  may,  by  accumulating  in  this,  compress  the  lung,  and 
thus  arrest  the  farther  escape  of  blood  from  the  wounded  vessels  ;  the  patient 
at  the  same  time  should  be  made  to  lie  on  the  injured  side,  in  order  to  increase 
tlie  pressure  exercised  upon  the  wounded  organ.  When  the  bleeding  has  been 
checked  in  this  way,  the  blood  must  be  removed  as  early  as  possible  from  the 
pleural  sac  ;  for,  if  it  be  allowed  to  remain,  it  will  in  most  cases  putrefy,  the 
putrefactive  ferment  having  found  its  way  in  before  the  wound  was  closed. 
Death  then  may  take  place  from  absorption  of  the  products  of  putrefaction,  or 
should  the  patient  escape  this,  suppurative  pleurisy  inevitably  follows.  To 
prevent  this,  the  pleura  must  be  tapped  with  a  large  aspirator-needle  on  the 
fourth  or  fifth  day,  or  earlier  if  the  temperature  be  veiy  high.  Should  it  be 
lound  that  the  blood  is  free  from  putrefaction,  the  extravasation  is  best 
removed  by  repeated  aspirations,  care  being  taken  not  to  remove  too  much 
It  one  time,  lest  by  causing  a  forcible  expansion  of  the  lung  the  haemorrhage 
I  nay  be  started  again.  If  the  fluid  withdrawn  is  decomposing,  a  free  opening 
HI  list  be  made  either  from  the  original  wound,  or  at  the  most  convenient  spot, 
aud  a  large  drainage-tube  inserted.  The  after-treatment  will  be  the  same  as 
for  septic  empyema. 

During  the  American  war  various  drugs  were  made  use  of,  with  the  intention 
of  aiding  the  arrest  of  hemorrhage,  amongst  them  being  tartarized  antimony, 
■iconite,  gallic  and  tannic  acids,  and  acetate  of  lead  ;  but  their  effects  do  not 
seem  to  have  been  such  as  to  justify  any  reliance  being^aced  upon  them.  In 
'  lie  Crimean  war  the  Russian  Surgeons  administered  digitalis  ;  but  according 
!  o  the  present  views  of  the  action  of  that  drug,  its  use  could  be  productive  only 
of  harm. 
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Pleurisy  and  Empijema.—lf  the  ]iafcieiifc  survive  to  the  tliird  day,  tho 
.danger  to  be  iipprcliended  is  no  longer  Iroiii  liasinorrliage,  ljut  from  iiiflamma- 
tioii  and  suppuration  in  tlic  cavity  of  the  ])leura,  consequent  upon  the  decom- 
position of  tlie  discharges  accumulated  in  that  cavity.    Tin's  is  in  some  casen 
complicated  by  inflammation  of  the  lung  s])reading  from  the  track  of  the 
wound.    Military  Surgeons  formerly  recommended  venesection  as  a  means 
both  of  i)reventing  and  of  reducing  inflammation.    Since,  however,  the  part  I 
played  by  the  decomposition  of  the  discharges  in  the  pleural  cavity  has  become  i 
fully  recognized,  much  more  importance  has  been  attached  to  draining  and 
cleaning  the  pleural  cavity  than  to  any  efforts  by  means  of  blood-letting  or 
drugs  to  subdue  the  local  inflammation  and  constitutional  disturbance,  i 
Possibly,  in  civil  practice,  if  a  case  were  met  with  in  which  the  inflammation  . 
was  confined  to  the  lung-substance,  and  attended  by  much,  dyspnoea  in  a  healthy  , 
young  subject,  some  relief  might  be  given  by  venesection ;  but  such  a  condition  j 
is  so  rare  that  it  may  practically  be  excluded  from  our  consideration.  When 
the  dyspnoea  arises  from  pleuritic  effusion,  bleeding  must  necessarily  be  use- 
less, and  in  fact  could  only  be  injurious  by  still  further  weakening  the  powers 
of  the  patient.    The  inflammation  must  be  combated  by  removing  its  cause  as 
far  as  possible. 

In  the  first  place  every  effort  should  be  made  to  prevent  the  occurrence  of 
decomposition,  either  of  extravasated  blood  or  inflammatory  exudation  in  the 
cavity  of  the  pleura  by  the  adoption  of  some  efiicieut  method  of  antiseptic 
treatment.  Should  these  endeavours  fail,  and  the  pleura  become  distended 
with  decomposing  discharges,  the  freest  possible  drainage  must  be  provided  by  |  \ 
enlarging  the  original  wound,  and  if  necessary,  making  a  counter-opening  at 
the  most  convenient  spot.  All  counter-openings  must  be  made  on  a  probe 
passed  from  the  original  wound  and  made  to  project  between  two  ribs,  as  the 
relations  of  the  walls  and  contents  of  the  cavity  are  often  much  altered  in  these 
cases,  and  unless  a  guide  is  obtained  in  this  way,  either  the  diajihragm  or  the 
lung  might  be  accidentally  wounded.  Large  drainage-tubes  should  be  inserted  ! 
at  the  wound  and  the  counter-opening  if  one  has  been  made.  If  any  difficulty 
is  experienced  in  doing  this,  a  piece  of  a  rib  may  be  cut  away.  If  the  discharges 
are  offensive,  the  cavity  of  the  pleura  must  be  washed  out  with  some  antiseptic 
solution.  Konig  reports  that  he  obtained  veiy  good  results  in  the  Franco- 
German  war  by  using  a  strong  solution  of  chloride  of  zinc.  ; 

It  will  always  be  necessary  in  these  cases  to  support  the  patient's  strength  jL 
by  abundant  liquid  nourishment  and  stimulants  when  they  are  obtainalile.  1 
Pain  and  cough  may  often  be  relieved  l)y  opium.  1 

If  any  extraneous  body,  such  as  a  bullet,  a  piece  of  wadding,  or  of  clothing,  ; 
have  penetrated  too  deeply  into  the  chest  to  be  readily  extracted  through  the  i 
external  wound,  it  would  not  be  safe  to  make  incisions  or  exploratory  reseai'ches,  i 
with  a  view  to  extracting  it ;  for,  though  its  presence  would  increase  the  i 
patient's  danger,  yet  attempts  at  extraction  would  not  only  add  to  this,  but  i 
would  in  all  probability  be  fatal,  hi  many  cases,  bodies  so  lodged  become  i 
surrounded  by  pus,  are  loosened,  and  eventually  arc  spat  up,  or  appear  at  the  I 
external  wound.  In  other  cases,  they  remain  permanently  fixed  in  the  chest.  I 
becoming  enveloped  in  a  cyst,  and  so  remaining  for  years,  without  producing 
irritation.  In  this  way,  Hennen  states,  a  bullet  has  been  lodged  in  the  chest  1 
for  upwards  of  twenty  years ;  and  Vidal  mentions  the  case  of  a  man  who  i 
Jived  for  fifteen  years  with  the  broken  end  of  a  foil  in  his  chest,  which,  in 
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iittev  death,  was  found  sticking  in  the  vertehi'fe,  and  stretching  across  to  one 
,  of  the  ribs. 

The  Treatment  of  Emphysema  and  Pneumothorax  consists  of  httle  in 
I  addition  to  what  is  called  for  by  the  wounded  lung.    In  many  cases,  indeed, 
the  air  becomes  absorbed  in  three  or  four  days  without  the  necessity  of  aiiy 
■  local  interference.    If,  however,  the  pneumothorax  interfere  with  respiration 
by  pressure  on  the  opposite  lung,  the  external  wound,  if  any  exist,  must  be 
'  freely  opened,  and  punctures  may  be  necessary  to  give  exit  to  the  air  in  the 
i  areolar  tissue.    If  no  wound  exists  the  pleura  must  be  tapped  as  for  fluid,  and, 
if  necessary,  the  cannula  must  be  left  in.    I  doubt  whether  emphysema  alone 
;  can  ever  prove  fatal. 

Hernia,  of  the  Lung,  or  Pneumocele. — This  is  an  extremely  rare 
'affection.  It  consists  in  the  protrusion  of  a  portion  of  the  lung  at  some  part 
,  of  the  thoracic  walls,  so  as  to  form  a  tumour  under  the  skin.  It  has  most 
I  frequently  been  met  with  after  an  external  wound,  under  the  cicatrix  of  which 
:  the  hernial  swelling  has  appeared ;  but  it  has  been  known  to  occur  from 
I  fractured  ribs  without  any  wound,  and  even  from  violent  straining  during 
\  labour.  I  have  seen  a  case  in  a  man  who  gained  his  livelihood  by  playing  the 
I  cornet.  In  these  cases  it  is  probable  that,  the  intercostal  muscles  and  costal 
ipleui-a  having  been  divided  or  ruptured  by  the  efforts  of  the  patient,  and  not 
'  having  united  afterwards,  the  lung  has,  during  expiration,  gradually  insinuated, 
itself  into  the  aperture  so  formed,  until  at  last  the  hernial  tumour  has  appeared. 
This  protrusion  may  take  place  at  any  part  of  the  thoracic  parietes  ;  thus 
Yelpeau  observed  it  in  the  supraclavicular  region  of  a  girl  ;  but  most  com- 
:  monly  it  occurs  on  one  or  other  side  of  the  chest.  The  tumour  may  attain 
.  a  large  size  ;  I  have  heard  Yelpeau  state  that  he  had  seen  one  half  as  large  as 
t  the  head.    It  does  not  appear  to  shorten  life. 

The  only  case,  other  than  the  above,  that  has  fallen  undei-  my  own  observation 
is  one  that  I  saw  in  1839,  in  Velpeau's  wards  at  La  Charite ;  and  as  the  signs  of 
the  affection  were  well  marked,  I  may  briefly  relate  it,  from  notes  taken  at  the 
time.    A  man  twenty-nine  years  of  age,  left-handed,  received  in  a  duel  a 
sword-wound  at  the  inner  side  of,  and  a  little  below  the  left  nipple ;  he  lost 
a  considerable  quantity  of  blood,  but  did  not  spit  up  any.    The  wound  healed 
in  about  a  fortnight,  shortly  after  which  he  noticed  the  tumour,  for  which  he 
'  was  admitted  three  months  and  a  half  after  the  receipt  of  the  injury.  On 
examination,  an  indurated  cicatrix  about  half  an  inch  in  length  was  found  a 
little  below,  and  to  the  inner  side  of,  the  left  nipple.    On  expiring  or  cough- 
ing, a  soft  tumour  of  about  the  size  of  an  egg  appeared  immediately  underneath 
:  the  cicatrix,  which  it  raised  up ;  it  subsided  under  pressure,  or  when  the 
'  patient  ceased  to  expire  or  to  cough ;  and  its  protrusion  might  be  prevented 
by  pressing  the  finger  firmly  on  the  part  where  it  appeared,  when  a  depression 
'  was  felt  in  the  intercostal  muscles.    If  the  fingers  were  slid  obliquely  over  the 
tumour,  it  yielded  a  fine  and  distinct  crepitation,  exactly  resembling  that  pro- 
duced by  compressing  a  healthy  lung,  and  the  spongy  feel  of  the  organ  could 
I  be  recognized.    On  applying  the  ear,  a  fine  crackling  and  rubbing  sound  was 
distinctly  perceived ;  the  tumour  was  resonant  on  percussion.    The  portion  of  ' 
protruded  lung  did  not  appear  to  re-enter  the  chest  on  inspiration,  but  was 
I    firmly  fixed  in  its  new  situation.    No  treatment  was  adopted  in  the  case,  nor 
)   docs  any  appear  admissible  in  similar  instances. 

The  only  affection  with  which  a  hernia  of  the  lung  can  be  confounded,  is  « 
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circumscribccl  empyema  which  is  making  its  way  through  the  walls  of  the 
chest.  Here,  however,  the  dulness  on  percussion,  and  the  absence  of  resjjira- 
tory  murmur  and  of  crackling  under  the  fingers,  wiU  readily  enable  the  Surgeon 
to  make  the  diagnosis. 

It  occasionally  happens  in  extensive  wounds  of  the  chest  that  a  portion  of  the 
lung  protrudes  during  efforts  at  expiration.  If  the  wound  be  free,  the  protruded 
lung  may  return  on  pressure  or  during  inspiration.  If  left  un-returned,  it  soon 
becomes  livid  and  gangrenous ;  in  these  circumstances  it  may  be  removed  by 
the  knife  or  ligature. 

WOUNDS    OF    THE    HEABT   AND   LARGE  VESSELS. 

Wounds  of  the  Pericardium.— The  pericardium  may  be  wounded  with 
or  without  penetration  of  the  chest,  and  with  or  without  injury  of  the  heart. 
Without  wound  of  the  chest-wall,  it  may  be  lacerated  by  a  severe  contusion  ; 
with  penetration  of  the  chest-wall,  it  may  be  wounded  by  a  stab  or  by 
gun-shot. 

Laceration  of  the  Pericardium  may  take  place  fi-om  a  severe  blow  on  the 
chest.  I  have  seen  the  membrane  split  longitudinally  for  two  or  three 
inches,  from  contusion  received  in  a  fall. 

The  Pericardium  may  be  wounded  by  a  stab  Avithout  the  heart  being 
injured.  Thus  I  have  seen  a  wound  of  the  pericardium  in  a  young  man,  in- 
flicted by  his  sweetheart  with  a  sharp-pointed  pair  of  embroidery  scissors. 

The  pericardium  maybe  bruised  or  cut  by  an  oblique  gun-shot  wound 
without  damage  to  the  heart.  This  I  have  seen  happen  from  a  pistol-bullet 
penetrating  the  chest  obliquely. 

In  injuries  such  as  these,  collapse  to  a  greater  or  less  extent  is  always  met 
with.  This  is  followed  by  inflammation  ;  the  ordinary  auscultatory  signs  of 
pericarditis  followed  by  effusion,  such  as  friction,  with  extended  dulness  on 
percussion,  become  perceptible  ;  and  there  are  intense  thoracic  oppression, 
dyspnoea,  and  restlessness,  with  pallor  and  a  small  rapid  pulse. 

In  some  cases  of  wound  of  the  pericardium,  with  a  superficial  injmy  to  the 
heart,  one  of  the  coronary  vessels  may  be  divided,  and  blood  effused  into  the 
sac.  In  these  cases  the  interposition  of  the  layer  of  blood  causes  the  heart- 
sounds  to  be  weak  and  remote,  the  impulse  of  the  apex  to  be  indistinct  or 
imperceptible,  and  the  cardiac  dulness  to  be  widely  diffused. 

The  Prognosis  of  cases  of  injury  of  the  pei-icardium  is  necessarily  very 
unfavourable.  The  heart  may  become  choked  by  the  intra-pericardial  extra- 
vasation of  blood  or  the  inflammatory  effusion. 

The  Treatment  of  these  cases  of  wound  of  the  pericardium  should  be  con- 
ducted as  far  as  possible  on  antiseptic  principles.  In  cases  of  a  punctured 
wound,  should  the  external  opening  close,  and  the  pericardium  become  distended 
with  effusion  to  such  an  extent  as  to  embarrass  the  action  of  the  heart  and 
threaten  to  prove  fatal,  the  fluid  must  be  removed  by  means  of  the  as]-)irator. 
(See  Tapping  the  Pericardium,  Vol.  II.)  The  general  treatment  must  be  con- 
ducted on  those  ordinary  medical  principles  that  guide  us  in  the  management 
of  pericarditis  arising  from  other  causes. 

Wounds  of  the  Heart. — The  heart  may  receive  a  wound  which  does  not 
penetrate  through  the  walls  ;  or  one  or  more  of  its  cavities  may  i)e  opened  by 
the  agent  that  inflicts  the  injury.  Most  commonly  the  Avound  is  inflicted  by 
stab  or  gun-shot,  and  then  generally  no  foreign  body  is  lodged  in  the  cardiac 
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cavities  or  substance.  But  in  some  instances  bullets,  pieces  of  stick,  needles, 
iron  pins,  and  other  substances,  have  been  lodged  and  encysted  in  the  walls  of 
the  ventricles. 

In  the  vast  majority  of  cases,  wounds  of  the  heart  are  immediately  fatal, 
but  they  are  not  necessarily  or  invariably  so.  Much  will  depend  on  whether 
they  penetrate  or  not  into  the  cavities,  and  on  the  extent  of  the  injury  that  the 
heart  has  sustained. 

ITon-Psnetrating  Wounds  may  be  fatal  at  once  from  direct  shock  to  the 
heart ;  or  the  patient  may  survive  a  few  hours  or  days  and  then  die  of  peri- 
carditis ;  or  he  may  recover  and  live  for  years,  as  in  a  case  reported  by  West 
of  Birmingham,  in  which  the  man  lived  for  four  and  a  half  years.  After 
death,  evidences  of  extensive  and  severe  pericarditis  were  found,  and  there  was 
a  linear  cicatrix  half  an  inch  long  in  the  anterior  part  of  the  right  ventricle. 

Penetrating  Wounds  of  the  Heart  are  almost  invariably  at  once  fatal 
fi-om  loss  of  blood  and  shock  to  the  organ  and  system.    This  is  especially  the 
case  if  the  cavities  be  largely  opened,  or  much  of  the  heart-substance  destroyed. 
But  there  are  many  exceptions  to  this  general  law  of  fatality.    J  amain  has 
collected  84  cases  in  which  people  lived  for  considerable  periods  after  having 
received  a  wound  of  the  heart.    Of  these,  in  35  cases  the  right  ventricle  was 
wounded,  and  the  sufferers  lived  fi-om  four  and  a  half  hours  to  twenty-three 
days.    In  19  cases  the  injmy  was  to  the  left  ventricle  ;  and  of  these  life  was 
prolonged  to  periods  varying  from  half  an  hour,  in  two  cases,  to  six  months  in 
one  instance.    Both  ventricles  were  wounded  in  five  cases  in  patients  who  lived 
from  one  hour  to  nine  and  a  half  months ;  the  right  auricle  in  seven  cases,  the 
patients  living  from  seven  hours  to  twenty  days  ;  the  left  auricle  in  two  cases, 
in  which  the  patients  lived  respectively  one  and  two  days.    In  many  cases, 
the  patient  has  been  known  to  walk  or  to  run  some  considerable  distance  alter 
the  receipt  of  the  injury.    OUivier  and  Sanson  have  collected  21)  cases  of 
penetrating  wounds  of  the  heart,  which  did  not  prove  fatal  in  the  first  forty- 
eight  hours  after  the  receipt  of  the  injury.  On  analysing  these,  it  would  appear 
that  the  rapidity  of  death  depends  greatly  on  the  direction  of  the  wound  and  the 
part  of  the  organ  injured.  When  the  wound  is  parallel  to  the  axis  of  the  heart, 
it  is  not  so  speedily  fatal  as  when  in  a  transverse  direction,  and  wounds  of  the 
auricle  are  more  immediately  followed  by  death  than  those  of  the  ventricle ;  the 
irregular  contraction  of  the  different  planes  of  muscular  fibre  that  enter  into 
the  formation  of  the  wall  of  the  ventricle  tending  to  obstruct  the  free  passage 
of  the  blood  through  the  wound,  and  perhaps  to  close  it  entirely.    The  size 
of  the  wound,  however,  \vill  necessarily  influence  the  result  more  materially 
than  its  direction.    Not  only,  however,  may  a  person  live  a  considerable  time 
after  having  received  a  penetrating  wound  of  the  heart,  but  there  are  many 
cases  on  record  in  which  life  has  been  prolonged  even  though  a  foreign  body 
was  lodged  in  the  cavities  or  substance  of  the  organ.    Thus  Ferrus  relates 
the  case  of  a  man  who  lived  for  twenty  days  with  a  skewer  traversing  the 
heart  from  side  to  side  ;  and  Iloux  that  of  a  man  who  lived  twenty-one  days 
■with  a  portion  of  a  file,  with  which  he  liad  stabbed  himself,  in  the  wall  of 
the  left  ventricle.    Davis  and  Stewart  found  a  piece  of  wood,  three  inches 
long,  in  the  right  ventricle  of  a  boy,  who  lived  five  weeks  after  the  accident 
had  happened  ;  Carnochan  relates  a  case  in  which  the  wounded  man  survived 
eleven  days  with  a  bullet  deeply  lodged  in  the  substance  of  the  apex  of  the 
heart ;  and  Latour  records  the  case  of  a  soldier  who  lived  for  six  years  after 
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being-  wounded  witli  a  iimsket-ball  iu  the  side,  and  in  the  right  ventricle  of 
whose  heart  the  bullet  was  iouiid  lodged,  lying  against  the  septum. 

The  part  of  the  heart  that  has  been  injured  may  be  determined  by  attention 
to  the  situation  of  the  wound  and  tlie  direction  it  takes,  for  the  situation  of 
the  different  cavities  of  the  heart  in  relation  to  the  superficial  structures  is 
constant.  Thus,  a  stab  below  the  fifth  rib,  about  one  inch  to  the  sternal  side 
of  the  nipple,  and  two  inches  below  it,  will  wound  the  a])ex  of  the  heart ;  a 
stab  through  the  second  intercostal  space  close  to  the  right  side  of  tlie  sternum 
would  wound  the  most  prominent  part  of  the  ascending  aorta  after  passing 
through  the  lung.  One  through  the  third  to  the  fifth  intercostal  spaces  to  the 
right  of  the  sternum  would  wound  the  right  auricle.  The  pulmonary  artery 
would  be  reached  by  a  thrust  through  the  third  rib  on  the  left  side  at  its 
junction  with  the  sternum.  The  statistics  collected  by  Fischer,  Jamain,  West, 
and  others,  show  that  the  right  ventricle  is  most  commonly  wounded. 

There  are  instances  on  record  in  which  a  ball  has  entered  the  chest  and 
caused  a  laceration  of  the  heai-t-substance  without  penetrating  the  pericardium, 
which  escaped  in  consequence  of  its  firmness  and  fibrous  character.  Again,  as 
has  already  been  stated,  the  pericardium  alone  may  be  injured  :  Fischer  has 
collected  51  such  cases. 

The  Symptoms  of  a  wound  of  the  heart,  when  immediately  fatal,  are  as 
follows.  The  person  struck  springs  up  convulsively,  or  falls  suddenly  pros- 
trate ;  sometimes  with,  sometimes  Avithout,  a  sudden  sharp  shriek.  Death 
results  from  hemorrhage,  which  will  be  profuse,  the  blood  passuig  out  beyond 
the  pericardium,  if  the  wound  be  large  and  that  membrane  be  widely  opened  : 
or  into  the  pericardium,  preventing  the  action  of  the  heart  by  comj)ression,  if 
the  wound  be  small.  In  either  case,  death  is  hastened  by  collaj^se  arising- 
from  shock  to  the  central  organ  of  the  circulation  itself,  and  to  the  system  at 
large  from  the  wound  of  so  important  an  organ. 

If  the  wound  be  small  and  death  be  not  immediate,  there  are  evidences  of 
great  shock  in  the  intense  depression  of  vital  power,  the  pallid  and  anxious 
countenance,  and  the  relaxation  of  the  limbs.  The  action  of  the  heart  icself 
is  tumultuous,  weak,  and  irregular  :  the  pulse  is  scarcely  pei-ceptible ;  the 
breathing  is  frightfully  embarrassed.  If  the  patient  survive  a  few  days,  these 
symptoms  partially  and  intermittingly  subside,  and  the  ordinary  signs  of 
pericarditis  come  on  —friction,  gradually  disai)pearing  more  or  less  completely 
as  the  pericardium  becomes  distended  with  fluid,  when  there  will  be  increased 
dulness  on  percussion,  with  a  Aveak  impulse  and  elevation  of  the  heart's  apex. 
By  auscultation  the  heart-sounds  will  be  found  to  be  feeble  and  muffled,  espe- 
cially at  the  apex.  To  these  symptoms  may  possibly  be  added  evidences  of 
endocardial  inflammation.  Of  these  consecutive  iuflammatorj  complications 
and  of  their  consequences  the  patient  will  most  probably  die,  though  perhaps 
at  a  remote  period  and  after  prolonged  sufTeriug. 

Ruptures  op  the  Heart  from  External  Violence,  without  penetrating- 
wounds  of  the  chest,  are  not  of  frequent  occurrence.  Ganigce  has,  however, 
collected  22  published  cases  of  this  accident.  On  analysing  these  he  finds  tliaL, 
in  at  least  one  half  of  the  cases,  the  pericardium  was  intact ;  12  of  the  rui)tures 
were  on  the  right,  10  on  the  left  side.  The  right  ventricle  was  rujjtured  iu  8, 
and  the  loft  in  3  cases  ;  Mliereas  the  left  auricle  was  torn  in  7,  and  the  right 
only  in  4  instances.  Death  is  usually  almost  instantaneous,  though  there  are 
instances  on  record  in  which  the  patient  made  some  exertion  after  the  i-npturc- 
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iiiul  taken  place,  and  has  even  lived  for  several  hours.  In  a  case  of  rupture  of 
the  right  auricle  recorded  by  Rust,  the  patient  survived  fourteen  hours.  In 
most  of  the  recorded  cases,  the  injury  occasioning  the  ruptui-e  was  directly 
applied  to  the  region  of  the  heart.  But  instances  are  not  wanting  in  which 
this  organ  has  been  found  ruptured  through  one  or  both  ventricles  or  in  one  of 
the  auricles,  without  any  evidence  of  direct  injury  in  the  cardiac  region— the 
patient  having  fallen  upon  his  head  or  shoulders,  or  having  been  merely  thrown 
forcibly  to  the  ground  with  serious  injury  to  the  lower  extremities.  In  some 
of  these  cases,  there  is  reason  to  believe  that  the  rupture  was  produced  by 
the  violence  of  the  contractions  of  the  heart,  under  the  influence  of  great 
mental  emotion  or  fear.  The  only  case  that  has  occurred  in  my  practice  was 
that  of  a  man  brought  into  the  Hospital  dead,  having  fallen  fi'om  the  top  of 
a  cart  on  to  his  right  shoulder.  On  examination,  the  livei-  was  found  exten- 
sively torn,  in  fact  smashed,  and  the  pericardium  was  distended  with  blood— - 
there  being  a  triangular  ragged  aperture  at  the  anterior  part  of  the  left  auri- 
cular appendage,  through  which  it  had  escaped. 

Wounds  of  the  Aoeta  and  Vena  Cava  are  usually  as  immediately  fatal 
as  those  of  the  heart  itself  In  this  respect,  they  resemble  wounds  of  the 
am-icles  rather  than  those  of  the  ventricles.  Heil  has,  however,  recorded  a 
case  in  which  the  patient  lived  for  a  twelvemonth,  after  receiving  a  stab  that 
jjenetrated  the  ascending  aorta. 

Wound  of  the  Thokacio  Duct  is  very  rare.  It  has  occurred  during  an 
attempt  to  ligature  the  first  part  of  the  left  subclavian  artery,  in  remoA^al  of 
tumours,  and  in  stabs  above  the  clavicle  or  in  the  chest.  The  chief  symptom 
is  a  constant  draining  away  of  chyle.  The  condition  may  be  regarded  as 
inevitably  fatal.  Bradley  has  collected  and  published  the  following  six  cases 
which  illustrate  well  the  characters  of  the  injury. 

"  Hoffmann's  first  case  was  that  of  a  woman  wounded  through  the  left  side 
with  a  knife.  Following  the  wound  there  was  a  copious  discharge  of  a  spon- 
taneously coagulating  fluid,  which  was  observed  to  be  miUcy  during  digestion, 
and  clear  while  the  patient  was  fasting.  In  his  second  case,  the  escape  of 
chyle  followed  the  opening  of  an  abscess  of  the  posterior  mediastinum.  Monro 
relates  a  case  where  the  thoracic  duct  was  wounded  by  a  stab  ;  the  lymph 
escaped  externally  and  also  into  the  pleural  cavity,  interfering  with  the  heart's 
action.  GuifPort's  case  is  of  a  similar  nature.  Bonnet  gives  the  histoiy  of  a 
Baron  Heinden,  who  was  wounded  in  battle  by  a  bullet,  which  escaped  beneath 
the  left  scapula.  From  this  wound  there  gradually  began  to  flow  an  excessive 
quantity  of  lymph."  In  Quincke's  case,  "  the  pleural  cavity  became  so  full  of 
extravasated  lymph  that  paracentesis  had  to  be  performed  to  prevent  suffoca- 
tion, from  which,  indeed,  the  patient  eventually  died."  Krabbel  has  subse- 
quently recorded  a  case  in  which  the  duct  was  completely  torn  across  by  a 
fracture  of  the  ninth  dorsal  vertebra,  from  the  passage  of  an  empty  coal-truck 
over  a  boy's  back.  Death  occurred  on  the  fifth  day,  and  the  right  pleural 
cavity  was  found  to  be  distended  with  chyle.  A  doubtful  case  also  occurred 
to  Kirchuer,  in  a  girl  aged  9,  who,  fourteen  days  before,  had  run  violently 
against  a  "window  parapet."  A  litre  of  chyle  was  withdrawn  by  aspii-atiou 
from  the  right  ])leura,  and  the  patient  recovered. 
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INJURIES    OF    THE    ABDOMEN   AND   ABDOMINAL  VISCERA. 

Injumbs  of  the  abdomen  may  be  divided  into  Contusion,  with  or  without 
Euptm-e  of  Internal  Organs  ;  Non-penetrating  Wounds  ;  and  Penetrating 
Wounds,  either  micomplicated,  or  conjoined  with  Injury  or  Protrusion  of 
some  of  the  Organs  contained  in  this  cavity. 

Contusions  of  the  AsDOiimAL  Walls  fi-om  blows  or  kicks  usually  ter- 
mmate  without  serious  inconvenience,  but  in  some  cases  are  followed  by  very 
acute  peritonitis,  which  may  prove  fatal.  In  other  cases,  the  abdominal 
muscles  may  be  ruptured,  although  the  skin  may  remain  unbroken.  A  man 
was  admitted  under  my  care  into  the  Hospital  who  had  received  a  blow  from 
the  buflPer  of  a  railway-carriage  upon  his  abdomen.  He  complained  of  great 
pain  at  one  spot ;  and,  on  examination  after  death,  we  found  the  rectus  muscle 
torn  across  without  injury  either  to  the  integuments  or  the  peritonemii.  If 
the  patient  live,  an  injury  of  this  kind  is  apt  to  be  followed  by  a  ventral 
hernia.  Occasionally  the  contusion  is  followed  by  abscess  in  the  abdominal 
wall,  which  has  a  tendency  to  extend  widely  Ijetween  the  muscular  planes. 
The  abscesses  should  be  opened  early,  lest  they  bufst  into  the  peritoneal 
cavity  and  occasion  fatal  inflammation. 

Buffer  Accidents. — A  contusion  of  the  abdomen  is  often  associated  with 
Rupture  of  some  of  the  Viscera. — In  military  practice  these  internal  in- 
juries are  met  Avith  in  the  so-called  "  wind-contusions ;  "  in  civil  practice 
they  commonly  result  from  blows,  kicks,  the  passage  of  a  cart-wheel  over 
the  abdomen,  or  a  squeeze  of  the  body  between  the  buffers  of  two  railway 
carriages.  These  "  buffer  accidents  "  are  of  common  occurrence  in  hospital 
practice,  resulting  usually  from  the  carelessness  of  railway  porters,  who, 
in  tiying  to  pass  between  carriages  in  motion,  are  caught  and  squeezed 
between  the  buffers.  In  these  cases  the  most  fearful  internal  injuries  occur, 
without  any  external  wound.  A  man  was  admitted  under  my  cjire  inti> 
University  College  Hospital,  in  whom  the  liver,  stomach,  .spleen,  and  kidneys 
were  crushed  and  torn  ;  the  heart  was  ecchymosed  on  its  surface,  and  one  of 
the  lungs  was  lacerated,  Avithout  any  rupture  of  tlie  skin  or  fracture  of  the 
ribs.  The  particular  organ  injured  dejiends  on  the  situation  of  the  blow.  The 
organ  that  is  most  frcr|ucntly  ci'ushed  in  tin's  way  is  the  liver,  owing  to  its 
large  size  and  the  unyielding  iiatui'c  and  ready  lacerability  of  its  structure  ; 
the  other  solid  organs,  such  as  the  spleen  and  kidneys,  do  not  suffer  so  fre- 
quently :  the  pancreas  I  have  never  seen  injured.  Among  the  hollow  organs 
the  stomach  most  commonly  suffers,  and  it  is  es])ccially  likely  to  do  so  if 
struck  while  distended  by  food.    Any  portion  of  the  intestinal  canal  may  l^e 


BUFFER  ACCIDENTS— RUPTURE  OF  LIVER.  875 


lacerated.  I  have  seen  the  duodenum,  the  ileum,  the  jejunum,  and  the  large 
intestine  ruptured  in  different  cases  ;  the  mesentery  likewise  may  be  lacerated, 
and  the  spermatic  cord  torn  across. 

The  sufferer  usually  dies  in  the  course  of  a  few  hours,  after  the  receipt  of 
these  severe  injuries,  from  htxjinorrhage  into  the  abdominal  cavity,  conjoined 
with  shock,  it  is  seldom  that  life  is  prolonged  sufficiently  for  peritonitis  to 
be  set  up,  though  this  is  the  chief  danger  to  be  apprehended  in  those  cases 
that  survive  the  more  immediate  effects  of  the  accident.  The  shock  of  itself 
may  prove  fatal,  though  there  be  but  little  apparent  internal  mischief  ;  thus, 
I  have  seen  a  man  die  collapsed  eight  hours  after  a  buffer  accident,  in  whom 
no  injury  was  found  except  a  small  rupture  of  the  mesentery,  attended  with  but 
very  slight  extravasation  of  blood.  The  severity  of  the  shock,  amounting 
often  to  prolonged  and  complete  collapse,  is  one  of  the  most  remarkable  phe- 
nomena attending  these  injuries.  It  is  dilficult  to  account  for  it,  except  ou 
the  supposition  that  it  is  due  to  wound  or  concussion  of  the  sympathetic  nerves 
and  the  large  abdominal  gangUa.  To  whatever  cause  it  may  be  referred,  it  is 
certain  that  it  is  greater  than  that  which  follows  a  corresponding  injury,  un- 
attended by  loss  of  blood,  of  any  other  part  of  the  body  except  the  central 
portions  of  the  cerebro-spinal  nervous  system.  The  continuance  of  the  shock 
may  be  maintained,  and  its  intensity  increased,  by  the  effect  of  internal  hemor- 
rhage. So  far  as  my  experience  goes,  I  would  say  that  the  shock  is  most  severe 
in  injm-ies  of  and  about  the  stomach,  probably  from  damage  to  the  solar  plexus. 
Haemorrhage  is  the  most  usual  cause  of  death  when  the  liver  and  spleen  arc 
ruptured  ;  and  the  patient  usually  dies  of  acute  peritonitis  when  the  intestine 
has  been  torn  across. 

The  Symptoms  of  an  internal  abdominal  injury  are  often  extremely 
equivocal,  and  will  necessarily  vary  according  to  the  organ  injured. 

If  the  Liver  have  been  ruptured,  pain  over  the  region  of  that  organ,  duhiess 
on  percussion  from  extravasated  blood,  and  great  collapse,  followed,  if  the 
patient  live,  l)y  diffuse  peritonitis,  bilious  vomiting,  white  stools,  and  jaundice, 
will,  with  sufficient  precision,  indicate  the  true  nature  of  the  injury.  Bernard 
has  further  shown  that  contusions  of  the  liver  are  followed  by  the  appearance 
of  sugar  in  the  m-ine. 

Rupture  of  the  liver  is  by  no  means  always  speeddy  or  even  necessarily 
fatal.  It  may  be,  and  usually  is  so,  from  great  extravasation  of  blood  or  of 
bile ;  but  if  neither  of  these  be  largely  poured  out,  the  patient  may  live  for 
some  considerable  time,  though  he  may  eventually  succumb  to  peritonitis. 
A  man  was  once  admitted  under  my  care  into  University  College  Hospital, 
who  had  been  crushed  between  the  buffers  of  two  railway  carriages.  He 
was  collapsed  and  apparently  moribund,  but  rallied  in  a  few  hours.  Two 
days  after  the  accident,  great  pain  and  tenderness  in  the  right  hypo- 
chondrium  were  complained  of,  and  dulnesss  on  percussion  was  found  to 
extend  as  low  as  the  umbilicus.  He  became  jaundiced,  and  there  were 
symptoms  of  peritonitis ;  these  were  followed  by  great  swelling  of  the 
abdomen,  which  became  tympanitic  ;  the  peritonitis  continued,  and  symptoms 
of  intestinal  obstruction  came  on,  the  dulncss  increasing,  with  fluctuation  in 
the  flanks.  He  died  on  the  sixteenth  day  after  the  accident,  and  on  examina- 
tion no  less  than  240  ounces  of  bilious  fluid,  mixed  with  flakes  of  lymph,  were 
■fouijd  in  the  abdominal  cavity  ;  the  obstruction  of  the  bowels  being  dependent 
on  the  pressure  of  this  effusion,  and  on  the  matting  together  of  the  intestines 
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by  Ij'inph.    There  was  a  large  rent  iu  tlio  thick  border  of  the  liver,  which  wa« 
beginning-  to  cicatrize. 

The  foUoM'ing  is  an  example  in  which  recovery  took  phicc.  A  man, 
about  forty  years  of  age,  fell  from  a  scalfold  to  the  ground.  In  falling,  he 
struck  violently  against  a  beam,  injuring  his  abdomen  on  the  right  side.  He 
was  brought  to  the  Hospital  in  a  state  of  collapse,  from  which  he  slowly 
rallied.  There  was  no  injury  but  that  of  the  abdomen,  of  which  he  complained 
much,  more  particularly  over  the  region  of  the  liver,  which  was  very  tense. 
Peritonitis  speedily  set  in,  with  great  tympanitic  distension  of  the  belly,  vomit- 
ing of  bilious  matter,  and  the  passage  of  coloui-less  stools.  These  symptoms 
continued  many  days,  and  the  man  became  jaundiced.  As  the  tympanites 
subsided,  it  was  found  that  there  was  dulness  on  percussion  in  both  flanks,  and 
that  the  fluid,  which  was  evidently  extravasated  into  the  peritoneal  cavity, 
rose  to  a  level  with  the  umbilicus  when  he  lay  on  his  left  side,  which  he  did 
habitually.  He  was  treated  with  opium,  and  put  on  a  very  mild  unstimulating 
diet.  He  gradually  but  slowly  recovered,  the  vomiting  becoming  less  frequent, 
and  eventually  ceasiiig,  and  the  fluid  in  the  abdomen  being  slowly  absorbed, 
bile  at  the  same  time  appearing  in  the  motions ;  but  the  tenderness  over  the 
region  of  the  liver  continued  up  to  the  time  at  which  he  left  the  Hospital, 
nearly  two  months  after  the  accident.  In  this  case  the  long  and  severe 
collapse,  the  seat  of  pain  and  injury,  the  peritonitis,  the  bilious  vomitings,  | 
and  the  white  stools,  all  pointed  to  serious  injury  of  the  hver ;  and  rapid 
intra-abdominal  extravasation  could  only  be  accounted  for  by  rupture  of  that 
organ. 

If  the  Spleen  have  been  lacerated,  there  will  be  severe  shock,  accompanied, 
by  signs  of  internal  haemorrhage  ;  coldness  and  pallor  of  the  surface,  a  small 
and  feeble  pulse,  anxiety  of  countenance,  and  great  depression  of  the  vital 
powers,  with  pain  at  the  seat  of  injury,  and  dulness  on  percussion  fi-om  extra- 
vasated blood.  These  symptoms  usually  terminate  rapidly  in  death.  Ruptm-e  : 
of  the  spleen  is  specially  liable  to  occur  from  slight  blows  when  that  organ  is 
enlarged  as  the  result  of  exposure  to  a  malarious  climate. 

If  the  Kidneys  be  injured,  there  will  often  be  a  frequent  desire  to 
pass  urine,  and  this  will  be  tinged  with  blood,  often  to  a  considerable  extent,  i 
If  the  ureter  become  plugged  by  a  clot  there  may  be  severe  renal  colic,  the  ' 
pain  shooting  down  to  the  testicle  and  thigh.  Sometimes  the  bladder  becomes 
distended  with  coagulated  blood.  After  the  discharge  of  blood  ceases,  the 
urine  will  become  albuminous,  and  may  continue  so  for  a  great  length  of  time. 
On  examining  such  albuminous  urine  under  the  microsco])e,  it  will  generally 
be  found  to  contain  a  few  blood-corpuscles,  and  possibly  some  tube-casts, 
at  first,  perhaps,  containing  blood-cor]mscles,  and  later  on  becoming  granular. 
Pus  and  mucus,  M'ith  epithelium-cells  from  the  pelvis  of  the  kidney,  and 
occasionally  renal  epithelium  may  be  met  with  later  on,  showing  the  existence 
of  inflammation  in  the  kidney.  It  is  an  important  practical  fact,  so  far  as 
my  experience  goes,  that  albumen  never  appears  in  the  urine  as  the  result  of 
I'cnal  injury,  unless  it  liad  been  preceded  by  blood.  The  absence  of  blood 
from  the  urine  must  not,  however,  be  taken  as  an  indication  that  the  kidney 
is  not  injured  ;  it  may  be  so  disorganized  as  to  be  totally  incapable  of 
secreting,  or  the  ureter  being  torn  across  no  bloody  urine  finds  its  way 
into  the  bladder.  A  man  was  admitted  into  the  Hospital  under  my  care  for 
a  buffer  injury  of  the  back  ;  he  pnssod  urine  untinged  with  l)lood,  but  aft^er 
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tleath  his  right  kidney  was  found  completely  smashed  by  the  blow,  and  there 
wiis  an  extensive  extravasation  of  blood  in  the  fat  around  it;  here  it  was 
evident  that  the  disorganization  was  so  sudden  and  complete  that  no  m-ine 
could  find  its  way  into  the  bladder.  In  another  case,  in  consequence  of  a  fall 
from  a  window,  an  elderly  man  died  in  the  course  of  an  hour,  having  struck 
his  back  and  sustained  several  fractures  of  the  limbs.  The  left  kidney  was 
ruptured  in  a  starred  manner,  with  extensive  extravasation  of  blood  into  the 
tissues  around  it,  but  there  was  not  a  tinge  of  blood  in  the  urine  which  was 
retained  in  the  bladder. 

Rupture  of  the  kidney  is  by  no  means  necessarily  fatal.  Patients  have 
lived  after  exhibiting  all  the  signs  of  it — the  passing  of  bloody  urine,  and  the 
presence  of  circumscribed  peritonitis  ;  and,  when  death  lias  occurred  at  a  later 
period,  cicatrices  have  been  detected  in  the  organ.  A  patient  was  admitted 
under  my  care  into  the  University  College  Hospital  for  a  severe  blow  upon 
the  back  from  the  buffer  of  a  railway-carriage,  followed  by  hsematuria  and 
other  symptoms  of  renal  injury  ;  on  his  death  from  pneumonia  nine  weeks 
after  the  accident,  an  extravasation  of  blood,  with  the  marks  of  recent 
cicatrization,  was  found  in  the  left  kidney. 

When  the  Stomach  is  ruptured  the  nature  of  the  accident  is  usually 
revealed  by  bloody  vomiting,  with  pain  in  the  region  of  the  stomach,  and  the 
most  profound  shock.  These  signs,  however,  do  not  occur  in  all  cases.  A 
man  was  admitted  to  the  Hospital  under  my  care,  whose  abdomen  had  been 
squeezed  between  a  cart-wheel  and  a  lamp-post ;  during  the  five  hours  that  he 
lived  he  vomited  several  times,  bringing  up  a  meal  which  he  had  taken 
immediately  before  the  accident.  In  the  vomited  matters  there  was  no  blood 
to  be  seen  ;  but  after  death  it  was  found  that  not  only  the  liver  and  spleen 
were  ruptured,  but  the  stomach  was  torn  almost  across  near  the  pylorus. 

Eupture  of  the  Intestine  is  much  more  common  than  that  of  the 
stomach.    It  may  occur  at  any  part,  but  is  most  commonly  met  with  in  the 
duodenum  or  at  the  junction  of  the  duodenum  and  jejunum.    The  frequency 
with  which  the  duodenum  is  ruptured  is  due  partly  to  its  position,  and  partly 
to  its  fixity.    The  third  part  of  the  duodenum  crosses  the  spine  in  front  of 
the  second  lumbar  vertebra,  or  about  one  inch  above  the  umbilicus,  and  thus 
receives  no  protection  from  the  costal  cartilages.    In  this  part  of  its  course  it 
is  uncovered  by  peritoneum,  and  is  consequently  fixed  so  firmly  that  it  receives 
the  full  force  of  any  violent  pressure,  being  unable  to  slip  away  from  beneath  it, 
as  do  those  parts  of  the  intestine  which  are  completely  covered  by  peritoneum, 
and  attached  to  a  loose  mesentery.    When  the  force  is  applied  in  an  oblique 
direction  from  right  to  left,  rupture  occasionally  takes  place  at  the  junction  of 
the  movable  jejunum  with  the  fixed  duodenum.    Rupture  of  the  duodenum 
may  occur  therefore  with  or  without  injury  to  the  peritoneum.    Rupture  of  the 
gut  into  the  peritoneal  cavity  is  indicated  by  intense  pain  in  the  belly  with  severe 
shock.    Peritonitis  speedily  sets  in,  with  vomiting,  at  first  bilious,  but  soon 
becoming  dark-coloured  or  almost  black.    The  abdomen  becomes  tympanitic 
and  tensely  distended,  with  gradually  increasing  dulness  in  each  flank.  Free 
gas  in  the  peritoneal  cavity  may  sometimes  be  recognized  by  tympanitic 
resonance  in  front  of  the  liver.    The  belly  is  acutely  tender,  and  the  patient 
lies  on  his  back  wdth  his  knees  drawn  up.    These  injuries  are  extremely 
fatal ;  in  fact  if  the  aperture  in  the  gut  be  of  suflicient  size  to  allow  of  the 
«8cape  of  its  contents  into  the  peritoneal  cavity,  death  almost  inevitably 
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results.  Rupture  of  the  third  part  of  the  duodenum  behind  the  peritoneum 
is  accompanied  by  much  less  clearly  marked  symptoms;  there  are  pain  and 
tenderness,  and  possibly  vomiting  of  blood.  If  the  patient  survive  sufficiently 
long  he  may  pass  a  motion  blackened  by  altered  blood.  Death  takes  place 
in  those  cases  usually  from  diffuse  suppuration  spreading  in  the  loose  sub- 
peritoneal tissue  downwards  in  front  of  the  kidneys  or  even  to  the  iliac  fossae, 
in  consequence  of  which  peritonitis  with  effusion  is  often  set  up. 

An  occasional  symptom  of  rupture  of  the  intestine  is  Emphysema  of  tlie 
Abdominal  Wall,  and  subsequently  of  the  trunk  generally,  from  the  escape 
of  flatus  from  wounded  intestine  into  the  subperitoneal  areolar  tissue,  and 
thence  into  the  more  superficial  planes.  When  this  takes  place,  the  same 
doughy,  pufiFy,  inelastic,  crepitating  swelling  of  the  subcutaneous  areolar 
tissue,  that  is  met  with  in  thoracic  emphysema,  is  obser\-ed.  It  usually 
commences  in  one  or  the  other  flank,  and  may  then  creep  up  towards  the 
axilla,  or  in  front  of  the  abdominal  wall. 

As  a  diagnostic  sign,  this  form  of  emphysema  is  valuable  in  those  caises  in 
which  the  intestines  have  been  injured,  either  without  any  wound  of  the 
abdominal  parietes,  or,  if  there  be  wound,  without  protrusion  of  the  injured 
portion  of  gut.  In  two  of  the  cases  in  which  I  have  observed  it,  this  con- 
dition was  the  only  positive  sign  of  intestinal  injury.  In  one  case,  the  third 
part  of  the  duodenum  had  been  ruptured  where  uncovered  by  peritoneum,  by 
a  buffer  accident ;  and,  in  the  other  the  rectum  and  meso-rectum  had  been 
traversed  by  a  pistol-ball.  In  both  these  cases  the  emphysema  was  extensive, 
the  flatus  having  passed  directly  into  the  subperitoneal  areolar  tissue.  In 
other  cases  it  may  in  the  first  instance  pass  into  the  cavity  of  the  abdomen, 
and  render  that  tympanitic,  and  then,  as  in  thoracic  emphysema  after  pneumo- 
thorax, escape  into  the  areolar  tissue  at  the  edges  of  the  wound.  In  a  case 
nnder  my  observation,  it  occurred  after  tapping  the  bladder  through  the 
rectum.  The  flatus  escaped,  after  the  removal  of  the  cannula  on  the  sixth 
day,  through  the  small  aperture  in  the  walls  of  the  gut  into  the  subperitoneal 
areolar  tissue  of  the  pelvis,  and  thence,  through  the  sciatic  notches,  down  the 
posterior  and  outer  parts  of  the  thighs  and  the  flanks. 

The  diagnosis  of  abdominal  emphysema  requires  to  be  made  from  thoracic 
emphysema,  and  from  putrefactive  infiltration  of  air  into  the  areolar  tissue. 
In  the  first  case,  this  may  readily  be  effected  by  the  absence  of  any  signs  of 
thoracic  injury,  and  by  the  situation  of  the  emphysema  in  the  posterior  or 
lateral  abdominal  wall,  or  around  the  lips  of  a  wound.  From  putrefactive 
infiltration  with  gas,  abdominal  emphysema  is  distinguished  by  the  cause, 
and  by  the  absence  of  diffuse  inflammation  of  the  areolar  tissue. 

The  only  Treatment  of  the  various  injuries  of  the  abdomen  that  have  just 
been  described,  ccjnsisted  up  till  very  recently  in  keeping  the  patient  quiet 
and  employing  the  means  that  have  been  recommended  for  lessening  the 
effects  of  shock.  If  the  patient  survived  this  period  the  chief  reliance  was 
placed  on  the  maintenance  of  perfect  rest  of  the  intestines  by  the  free  adminis- 
tration of  opium.  There  is  no  doubt  that  in  the  great  majority  of  cases 
nothing  more  than  this  can  be  done,  and  any  operative  interference  would 
only  hasten  the  patient's  death ;  but  in  certain  cases,  especially  in  hospital 
practice,  where  everything  is  ready  for  operative  interference  without  delay, 
an  exploratory  laparotomy  may  be  undertaken  with  the  view  of  ascertaining 
the  exact  nature  of  the  injury  and,  if  possible,  of  adopting  some  further 
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liicasiires  for  its  relief.    Sir  William  MacCormac,  iu  a  valuable  and  suggestire 
adciress  on  abdominal  sect-aon  for  intra-perifconeal  injury,  has  collected  the 
records  of  thirteen  oases  treated  in  this  waj  in  the  last  few  years.    In  one 
the  spleen  was  raptured  and  was  excised,  but  the  patient  did  not  rally  from 
the  shock.    In  one  the  liver  was  crushed,  and  the  same  result  foUowed.  In 
eight  rupture  of  the  small  intestine  was  found,  and  all  these  terminated  fatally 
except  one,  under  the  care  of  Croft.    In  this  case  the  gut  was  brought  out 
and  an  artificial  anus  was  formed  and  the  patient  recovered,  but,  unfor- 
iimately,  he  died  some  weeks  later  from  a  secondary  operation  undertaken  to 
close  the  opening.    In  two  nothing  beyond  bruising  Avas  found,  and  both 
(lied,  one  six  and  the  other  seven  days  after  the  operation.    The  operation 
has,  therefore,  not  as  yet  been  attended  by  much  success ;  but  Croft's  case,  and 
the  experience  derived  fi-om  stabs  and  gun-shot  wounds  treated  in  the  same 
way.  show  that  iu  the  case  of  a  rupture  of  the  small  intestine  it  does  give  a 
chance  of  life,  whereas  without  operation  this  condition  is  inevitably  fatal. 
In  ruptures  of  the  solid  viscera  it  is  doubtful  if  it  can  be  of  much  service. 
The  great  difficulty  in  all  these  cases  lies  in  making  the  diagnosis  sufficiently 
early  for  the  operation  to  be  of  any  use.    If  it  be  delayed  till  septic  peritonitis 
has  set  in,  there  is  little  or  no  hope  for  the  patient,  but  even  here  laparotomy 
and  drainage  give  the  only  conceivable  chance  of  life.    The  treatment  of  the 
injured  intestine  is  the  same  as  that  in  gunshot  wounds,  and  will  be  described 
later  on. 

In  laceration  or  rupture  of  the  kidney,  operative  interference  is  justified  by 
three  conditions :  First,  profuse  and  prolonged  ha?morrhage,  filling  the  bladder 
with  clots,  and  threatening  to  prove  fatal ;  secondly,  if  the  symptoms  indicate 
suppuration  round  the  injured  kidney  ;  and,  thirdly,  if  a  large  fluctuating 
tumour  forms  which  on  aspiration  is  found  to  be  a  collection  of  urine.  (See 
Rupture  of  the  Ureter.)  In  these  cases  the  kidney  may  be  exposed  by  a  lumbar 
incision,  and,  if  necessary,  removed.  (See  Surgical  Operations  on  the  Kidney, 
VoL  II.,  Chap.  LXVII.) 

Wounds  of  the  Diapheagm  may  be  occasioned  by  stabs  or  by  gun-shot 
injury  ;  in  rare  cases  by  the  fragment  of  a  broken  rib,  without  external  wound. 
The  lesion,  though  not  iu  itself  mortal,  is  usually  complicated  with  so  much 
visceral  injury  as  to  be  followed  by  death.  If  the  patient  survive,  the  aperture 
may  be  closed  by  a  cicatrix,  to  which  the  adjacent  lung  will  probably  adhere ; 
and  thus  the  separation  between  the  cavities  of  the  chest  and  abdomen  will  be 
maintained.  Should  this  not  happen,  and  the  injury  be  on  the  left  side,  a 
hernial  protrusion  of  some  of  the  abdominal  viscera  may  take 'place  into  the 
pleural  cavity.    (See  Diaphragmatic  Hernia.) 

Wounds  op  the  Abdomen. — Wounds  of  the  A'bdominal  Wall  that  do 
not  penetrate  the  Peritoneal  Cavity,  if  uncomplicated  with  internal 
injuiy,  usually  do  well,  and  require  merely  to  be  treated  on  ordinary  prin- 
ciples. If  they  be  incised,  and  so  extensive  as  to  require  sutures,  tlie  stitches 
should  be  introduced  deeply  through  muscular  and  tendinous  structures,  and 
the  parts  injured  must  also  be  relaxed  by  careful  attention  to  position.  When 
they  are  the  result  of  gun-shot  injury,  they  suppurate  extensively,  and  are 
very  slow  in  healing.  The  epigastric  artery  is  occasionally  divided  in  tliese 
injuries,  and  may  give  rise  to  extravasation  of  large  quantities  of  blood  into 
the  sheath  of  the  rectus ;  the  wound  must  then  be  enlarged,  if  necessary,  tlie 
extravasated  blood  cleaned  out,  and  the  artery  secured. 
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Wounds  that  Penetrate  the  Cavity  of  the  Abdomen  arc  of  especial 
infceresb,  on  account  of  the  frequency  with  whicii  tliey  are  complicated  with 
peritonitis,  and  with  injury  of  the  viscera.  They  may,  for  practical  ])urposes. 
be  divided  into  1,  those  that  Penetrate  the  Pei-itoneal  Sac,  without  wounding 
or  causing-  the  protrusion  of  any  of  the  contained  organs  ;  and  2,  those  that 
are  complicated  with  Protrusion  or  Wound  of  some  of  the  Viscoi-a. 

1.  Penetrating  Wounds  of  the  Abdomen,  without  Visceral  Pro- 
trusion or  Injury,  are  often  somewhat  difficult  to  distinguish  from  8im])le 
wounds  of  the  abdominal  wall,  though  the  escape  of  a  small  quantity  of  reddish 
serum  may  reveal  the  nature  of  the  accident.  In  these  cases  the  Surgeon 
should  be  carefrd  not  to  push  his  examination  too  far,  by  probing  or  otherwise 
exploring  the  wound,  lest  he  really  perforate  the  peritoneum  which  was  pre- 
viously intact.  The  ca\  ity  of  the  peritoneum  has  often  been  perlbrated  from 
front  to  back  by  bullet-wounds  or  sword-thrusts,  without  there  being  any  sign 
of  visceral  injury.  In  the  absence  of  peritonitis  or  other  signs  of  mischief, 
the  wound  must  be  treated  as  a  simple  one  of  the  abdominal  wall,  and  any 
complication  that  may  occur  must  be  met  in  the  way  that  will  immediately 
be  described. 

2.  In  a  Penetrating  Wound  with  Protrusion  or  Injury  of  Viscera, 

the  risk  is  necessarily  greatly  increased ;  here  the  chief  danger  is  from  peri- 
tonitis, induced  either  by  extravasation  of  the  intestinal  contents  into  the 
peritoneal  cavity,  or  by  decomposition  of  the  extravasated  blood,  or  serous 
effusion,  in  the  peritoneum  consequent  upon  the  communication  of  the  cavity 
with  the  air  by  the  external  wound.  This  is  all  the  more  likely  to  occur  if 
the  wound  be  of  such  a  nature  that  it  cannot  unite  by  the  first  intention,  as 
in  most  gun  shot  injuries.  It  but  seldom  happens  that  death  results  from 
haemorrhage  in  these  cases,  though  this  may,  of  course,  occur  if  any  of  the 
larger  vessels  be  injured. 

Protrusion  of  ^minjurccl  intestine,  ■mcsenlerij,  or  omentum  may  take  place 
through  the  wound  in  the  abdominal  wall.  This  protruded  mass  is  always 
very  large  in  comparison  with  the  aperture  from  which  it  escapes,  the  sides  of 
which,  being  overlaid  by  it,  constrict  it  rather  tightly,  so  as  to  form  a  distinct 
neck  to  the  protrusion.  If  left  imreduced,  the  mass  speedily  loses  its  polish 
and  bright  colour,  becoming  dull  and  li\ad  from  congestion  ;  it  then  swells, 
and  soon  becomes  gangrenous  fi-om  the  pressm-e  exercised  upon  it  by  the  side> 
of  the  aperture  through  which  it  has  passed. 

In  many  cases  the  prolriidcd  inteHine  is  wounded.  The  existence  of  this 
further  injury  will  readily  Ije  ascertained  by  the  escape  of  flatus,  or  of  the 
fluid  contents  of  the  gut.  The  characters  of  the  wound  vary,  as  Travers 
pointed  out,  aci-ording  to  its  size.  If  it  be  a  mere  jjuncfcure,  or  even  an 
incision  two  oi'  three  lines  in  length,  eversion  or  prolapse  of  the  mucous 
membrane  will  take  place,  so  as  to  close  it  sufficiently  to  prevent  the  escape  of 
the  contents.  If  the  aperture  be  above  four  lines  in  length,  this  plugging  of 
it  by  everted  mucous  membrane  cannot  occur,  and  then  the  contents  of  the 
bowel  escape  ;  but,  even  in  these  circumstances,  there  will  be  a  tendency  to 
the  protrusion  of  the  membrane,  which  forms  a  kind  of  lip  over  the  edge  of 
the  cut. 

I  A  ivoundcd  intestine  which  does  not  jjrotrnde,  but  remains  within  the 
abdominal  cavity,  exhibits  the  same  phenomena.  In  these  cases,  howcvei-. 
Jihcre  is  the  additional  danger  of  the  extravasation  of  the  intestinal 
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contents  into  the  peritoneum.  This  extravasation  is  unquestionably  one  of 
the  greatest  dangers  that  can  occur  in  wounds  of  the  abdomen,  inasmuch 
as  by  its  irritating  quahties  the  feculent  matter  gives  rise  to  the  most 
intense  peritonitis.  It  is  not,  however,  an  invariable  sequence  of  pene- 
trating wounds  of  the  intestine,  especially  if  the  wound  be  made  by  a  sharp 
instrument ;  and  even  in  bullet-wounds  of  the  gut  no  fsecal  extravasation  may 
take  place.  This  was  well  illustrated  in  a  case  in  University  College  Hospital 
of  a  man  who  was  shot  through  the  abdomen.  The  intestines,  which  con- 
tained much  feculent  matter,  were  traversed  by  the  bullet  in  four  places.  He 
lived  twenty-four  hours,  and  yet  no  feculent  extravasation  took  place.  In 
another  case  to  which  I  was  called,  that  of  a  young  gentleman  who  had  been 
accidentally  shot  through  the  abdomen  with  the  ramrod  of  a  horse-pistol,  the 
descending  colon  was  cut  completely  across,  and  the  small  intestines  perforated 
in  two  places  ;  and  yet  no  extravasation  took  place,  though  he  survived  the 
accident  two  days.  Otis,  however,  points  out  in  the  Eeport  of  the  American 
War,  that  these  cases  are  entirely  exceptional,  and  that  in  the  vast  majority 
of  gun-shot  wounds  of  the  intestine,  ftecal  extravasation  does  take  place,  and 
gives  rise  to  fatal  peritonitis.  That  certain  cases  escape  this  danger  may  be 
due  to  several  causes.  In  the  first  place,  as  we  have  ah-eady  seen,  if  the 
"wound  in  the  gut  be  below  a  certain  size,  there  is  a  natural  tendency  to  its 
occlusion  by  eversion  of  the  mucous  membrane.  In  other  cases  again,  as  in 
the  duodenum  or  colon,  the  gut  may  be  wounded  at  a  part  that  is  not  covered 
by  peritoneum.  Besides  this,  it  must  be  borne  in  mind  that,  though  in  ordi- 
nary language  we  speak  of  the  "  cavity  "  of  the  abdomen,  there  is  in  reality 
no  such  thing ;  there  being  no  empty  space  within  the  peritoneal  sac,  but  the 
whole  of  the  visceral  contents  of  the  abdomen  being  so  closely  and  equably 
brought  into  contact  by  the  pressure  of  the  abdominal  muscles  and  of  the 
diaphragm,  that  it  requires  some  force  for  the  intestinal  contents  to  overcome 
this  uniform  support,  and  to  insinuate  themselves  between  the  coils  of  con- 
tiguous portions  of  intestine.  The  influence  exercised  by  the  continuous 
pressure  of  the  abdominal  walls  upon  the  intestinal  contents,  is  well  shown 
by  the  greater  facility  with  which  these  escape  from  a  portion  of  wounded 
intestine  that  has  been  protruded,  than  from  one  that  is  still  lying  within  the 
abdomen.  In  the  former  case,  fajces  will  escape  from  a  much  smaller  aperture 
than  in  the  latter.  The  close  and  uniform  contact  of  the  coils  of  intestine  with 
■  each  other  also  favours  the  adhesion  of  the  wounded  coil  to  the  neighbouring 
parts,  and  thus  tends  either  completely  to  prevent  or  to  limit  faecal  extravasa- 
'  tion.  In  some  cases  also  it  is  probable  that  the  shock  of  the  injury  arrests 
for  a  time  the  peristaltic  movements  of  the  gut,  and  in  these  circumstances 
;  adhesions  sufficiently  firm  to  prevent  faecal  extravasation  may  form  within 
twenty-four  hours.  Thus,  in  a  case  under  my  care,  the  patient,  a  young 
man,  aged  22,  cut  his  throat,  and  stabbed  himself  twice  in  the  abdomen  with 
:  a  dinner-knife.  One  of  these  wounds  divided  more  than  a  third  of  the  cir- 
<  cumference  of  the  jejunum.  The  patient  survived  thirty-six  hours,  and  at  the 
I  post-mortem  examination  the  wounded  coil  was  found  to  contain  blood  and 
i  liquid  contents,  but  it  was  adherent  by  firm  inflammatory  exudation  to  the 
neighbouring  coils  of  intestine,  and  no  extravasation  had  taken  place.  The 
patient  more  frequently  escapes  without  extravasation  when  the  great  gut  is 
"Wounded,  than  when  the  small  intestine  is  perforated. 

Blood  is  extravasated  readily,  as  the  force  of  the  circulation  is  quite  sufficient 

VOL.  I.  3  L 


882         INJURIES  OF  THE  ABDOMEN  AND  PELVIS. 


to  overcome  any  resistance'  oflTered  by  the  equable  support  of  the  abdominal 
walls.  Extravasations  of  blood  usually  diffuse  themselves  amongst  the  intes- 
tines, and  gravitate  to  the  flanks,  and  to  the  cavity  of  the  pelvis. 

When  the  contents  of  the  intestine  escape  into  the  peritoneum  diffuse 
peritonitis  almost  invariably  results,  the  faeces  becoming  mixed  with  the  abun- 
dant inflammatory  effusion.  In  rare  cases,  however,  extravasations,  whether 
of  fjBces  or  blood,  if  in  small  amount,  may  show  but  little  tendency  to  diffuse 
themselves,  and  may  become  localized  in  the  neighbourhood  of  the  jDart  from 
which  they  were  originally  poured  out ;  owing,  in  the  first  instance,  to  the 
surrounding  pressure,  and,  at  a  later  period,  to  the  formation  of  adhesions 
between  the  folds  of  intestine  and  the  neighbouring  viscera.  The  existence 
of  these  extravasations  may,  in  many  cases,  be  recognized  by  dulness  on  per- 
cussion around  the  wound,  by  the  locahzed  swelling  to  which  they  give  rise, 
and  sometimes  by  their  escape  through  the  external  aperture. 

Traumatic  Peritonitis  is  the  great  danger  to  be  apprehended  in  all 
serious  injuries  of  the  abdomen.  It  occurs  in  two  forms,  the  localized  and 
diffuse.  Iiocalized  Peritonitis  may  follow  a  severe  contusion,  without  recog- 
nizable injury  to  any  viscusi  It  occurs  also  in  cases  of  wound  or  ruptm-e  of 
the  intestine,  in  which  there  is  no  extravasation  of  the  contents  of  the  gut,  and 
in  slight  lacerations  of  the  liver,  spleen,  or  kidneys.  Localized  peritonitis  is 
accompanied  by  the  pathological  phenomena  common  to  all  inflammation  ; 
the  vessels  become  engorged  and  exudation  takes  place,  composed  of  blood- 
plasma,  more  or  less  pure,  and  migrating  white  corpuscles.  The  exudation 
coagulates,  the  fibrin  and  the  corpuscles  forming  the  "  lymph  "  which  glues 
the  contiguous  surfaces  of  the  i^eritoneum  to  each  other,  and  the  serum  drain- 
ing away  into  the  cavity  of  the  abdomen,  from  which  it  is  rapidly  absorbed. 
In  these  cases,  in  which  there  is  no  persistent  source  of  irritation,  the  inflam- 
mation speedily  subsides,  the  exudation  becomes  penetrated  by  new  vessels, 
and  finally  firm  bands  of  fibrous  tissue  are  formed,  uniting  the  coils  of  intestine 
or  the  injured  viscera  to  each  other  or  to  the  abdominal  wall.  In  other  cases 
again,  firm  adhesions  may  form  at  the  circumference  of  the  inflamed  area,  and 
the  process  may  reach  the  stage  of  suppuration  opposite  the  wound  of  the  gut 
in  consequence  of  a  very  slight  escape  of  its  contents,  or  the  same  may  occur 
opposite  a  wound  or  laceration  of  one  of  the  solid  viscera.  There  is  thus 
formed  a  collection  of  pus  bounded  by  the  neighbouring  viscera  or  coils  of 
intestine,  and  shut  off  by  firm  adhesions  from  the  general  cavity  of  the  abdo- 
men. Such  a  collection  of  pus  may  finally  burst  through  the  surrounding 
adhesions,  and  thus  set  up  diffuse  peritonitis,  or  it  may  make  its  way  into  one 
of  the  hollow  viscera  or  to  the  skin,  and  be  safely  discharged. 

The  symptoms  of  localized  peritonitis  are  intense  pain  and  tenderness  over 
■the  affected  spot ;  often  aggravated  by  movement  or  respiration.  There  is 
some  elevation  of  temperatui'e,  and  there  may  be  vomiting.  Should  a  loca- 
lized collection  of  pus  form,  the  tenderness  and  pain  will  remain,  there  will 
be  a  definite  swelling  and  hardness  to  be  felt  at  the  affected  part.  The  febrile 
disturbance  remains  unrelieved,  and  there  may  be  one  or  more  rigors.  Should 
the  pus  burst  through  the  surrounding  adhesions  and  find  its  way  into  the 
general  cavity  of  the  peritoneum  there  will  be  intense  sudden  aggravation  of 
the  pnin,  followed  by  the  symptoms  of  diffuse  peritonitis. 

Diffuse  Peritonitis  occurs  first,  as  the  result  of  extravasation  of  the  con- 
tents of  the  gut,  either  in  penetrating  wounds  fi'om  Avithout  or  from  within 
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tlie  gut,  or  from  ruptures  ft'oui  external  violence  ;  and  secondly,  from  decom-' 
position  of  extra vasated  blood  or  inflammatory  exudation  in  the  cavity  • 
(if  the  peritoneum.  The  putrefactive  ferment  may  find  its  way  into  the 
cavity  of  the  peritoneum  from  without  by  means  of  an  external  wound,  or 
from  within,  from  the  intestine,  either  by  rupture  or  perforation  of  its 
coats,  or  in  consequence  of  sloughing  of  the  wall  of  the  gut  from  the 
violence  to  which  it  has  been  exposed.  The  experience  of  the  operation  of 
ovariotomy  shows  us  that  the  peritoneal  cavity  may  be  opened  and  freely 
exposed  to  the  air  without  any  great  risk  of  the  occurrence  of  septic  peritonitis 
provided  that  it  be  thoroughly  cleaned  and  no  decomposable  matter  be  left 
within  it.  The  subject  has  further  been  experimentally  investigated  in 
animals  by  Wegner,  and  the  results  obtained  by  him  tend  to  show,  that  if 
only  a  portion  of  the  peritoneum  be  exposed  to  irritation,  the  liquid  exudation 
is  rapidly  absorbed  by  the  healthy  part  of  the  membrane,  so  that  the  cavity  is 
kept  dry  and  fi-ee  from  putrescible  matter.  In  rabbits  it  was  found  that  a 
considerable  quantity  of  simple  water,  or  even  of  fluids  containing  septic 
bacteria,  could  be  injected  into  the  peritoneal  cavity  without  evil  results 
following,  the  fluids  being  rapidly  absorbed  and  carried  into  the  blood-stream. 
If,  however,  the  quantity  injected  was  greater  than  could  be  thus  rapidly  disposed 
f,  septic  peritonitis  invariably  followed.  It  seems  probable,  therefore,  that 
[he  occurrence  of  septic  peritonitis  after  wounds,  opening  the  cavity  of  the 
abdomen,  whether  in  surgical  operations  or  in  accidents,  depends  to  a  great 
extent  upon  the  amount  of  putrescible  matter  in  the  cavity.  If  from  a  wound 
of  some  considerable  vessel  a  large  quantity  of  blood  is  extravasated,  or  if  in 
consequence  of  local  irritation,  as  from  a  wound  or  rupture  of  the  gut  with  or 
without  slight  feecal  extravasation,  the  amount  of  inflammatory  effusion  is 
-greater  than  the  uninjured  part  of  the  peritoneum  can  rapidly  absorb,  the 
putrefactive  ferment  finds  material  upon  which  it  can  act,  and  decomposition 
and  septic  peritonitis  follow.  With  a  clean  peritoneal  cavity  and  little 
exudation  the  patient  escapes.  In  injuries  of  the  liver,  peritonitis  may  result 
from  the  escape  of  bile  into  the  cavity  of  the  abdomen  without  decomposition 
taking  place. 

In  a  case  of  diffuse  peritonitis  the  post-mortem  examination  shows  excess 
'if  fluid  which,  in  the  earlier  stages,  is  found  chiefly  in  the  most  dependent 
parts,  the  cavity  of  thp  pelvis  and  the  flanks.    The  intestines  are  reddened, 
t!id  the  coils  are  distended.    In  the  earliest  stage  the  peritoneal  surface  has 
ist  its  natural  gloss  to  some  extent,  and  feels  greasy.    "When  the  inflammation 
is  further  advanced,  lymph  is  found  on  the  gut,  and  especially  in  the  angles 
"  tween  two  contiguous  coils.    If  two  coils  be  separated,  they  will  be  found 
aler  in  colour  from  mutual  pressure  at  the  points  which  have  been  in  contact,' 
lid  marked  by  a  darker  red  hne  where  they  separate.    The  intestines  are  very 
lightly  adherent  to  each  other.    In  the  most  dependent  parts  of  the  cavity  is 
I  large  quantity  of  turbid  serum,  mixed  with  shreds  of  coagulated  exudation, 
If  the  fluid  may  assume  the  form  of  thin  pus.    It  is  usually  very  offensive, 
"id  is  excessively  dangerous  if  inoculated,  giving  rise  to  the  worst  forms  of 
1  issecting-wound.    Gas  from  the  intestines  is  also  frequently  met  with  in  the 
'iKlominal  cavity. 

The  Symptoms  of  Diffuse  Peritonitis  are  pain  and  tenderness,  at  first 
iiost  marked  in  the  neighbourhood  of  the  injury,  but  gradually  extending  to  the 
•vhole  abdomen,  and  aggravated  by  occasional  stabbing  pains.    This  is  followed 
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by  tympanitic  distension  of  the  abdomen,  from  paralysis  of  the  muscular  coat 
of  the  gut,  and  also  in  some  cases  partly  from  the  escape  of  flatus  into  the 
peritoneal  cavity.  The  patient  suffers  great  distress  ;  he  lies  on  his  back  with 
his  knees  drawn  up  to  relax  the  abdominal  muscles,  and  the  slightest  pressure 
causes  intense  agony.  Occasionally,  respiration  is  seriously  interfered  with  by 
the  tension  of  the  abdomen.  Vomiting  is  an  early  symptom  ;  the  contents  of 
the  stomach  are  brought  up  without  straining,  seeming  to  pump  out  almost  i 
without  effort.  As  the  effusion  increases,  there  will  be  dulness  in  the  flanks 
shifting  its  position  as  the  patient  is  moved,  and  tympanitic  resonance  in  front! 
As  the  case  advances,  the  vomited  matter  becomes  dark  from  admixture  of 
blood  from  the  congested  mucous  membrane.  Hiccup  may  form  a  troublesome 
symptom.  The  pulse  is  at  first  small,  quick,  and  hard,  often  assuming  a  wiry, 
incompressible  character.  The  temperature  is  at  first  high,  reachino-  often 
103°  or  104°  Fahr. ;  but  in  septic  cases  it  usually  falls  rapidly  before  death, 
and  may  even  become  subnormal.  There  is  great  anxiety  of  countenance) 
and  before  death  the  extremities  become  cold,  and  the  patient  dies  with  the 
signs  of  collapse.  This  diffuse  traumatic  peritonitis  will  set  in  and  run  its  course 
with  great  rapidity.  In  a  case  in  University  College  Hospital  already  alluded 
to,  of  bullet-wound  of  the  abdomen,  the  patient  hved  twenty-four  hours.  Two 
or  tlii-ee  pints  of  serous  effusion  with  much  pui'iform  fluid  were  found  ;  and 
great  reddening  of  the  whole  of  the  visceral  and  much  of  the  parietal  peri- 
toneum had  ensued.  In  another  case  of  rupture  of  the  ileum,  the  consecutive 
peritonitis  proved  fatal  in  about  thirty  hours  after  the  accident.  This  extreme 
rapidity  in  its  com-se  and  fatal  termination,  is  due  to  the  rapid  absorption  of 
the  unhealthy  inflammatory  products,  in  septic  cases  aggravated  by  the 
presence  of  the  products  of  putrefaction  ;  in  fact  many  of  these  cases  form 
the  most  marked  instances  of  this  form  of  blood-poisoning.  The  rapidity  of 
the  fatal  termination  is  due  to  the  great  extent  of  the  absorbing  sm-face,  and 
the  large  dose  of  the  poison  that  is  thus  taken  up  in  a  very  short  time. 

Prognosis  of  Penetrating  Wounds  of  the  ATjdomen. — Penetrating 
wounds  of  the  abdomen  are  amongst  the  most  fatal  of  all  injm-ies.    In  the 
reports  of  ^  the  American  Civil  War,  thirteen  cases  of  punctm-ed  or  incised 
wounds  without  injury  to  viscera  are  recorded,  with  nine  recoveries,  and 
nineteen  similar  injuries  fi-om  gun-shot,  with  twelve  recoveries.    Of  fourteen 
recorded  cases  of  punctured  or  incised  wounds  with  visceral  lesion  only  two 
recovered.    The  recorded  cases  of  gun-shot  wound  with  visceral  injuries 
amounted  to  3,771,  and  of  these  only  421  recovered,  and  in  242  the  result 
was  unknown.    In  the  gi-eat  majority  of  these  cases  the  exact  visceral  injuiy 
was  not  recorded.    In  seventy-nine  the  stomach  was  wounded,  and  of  these 
nineteen  recovered.    In  653  the  intestines  were  wounded,  and  of  these  118  re- 
covered ;  but  the  exact  part  of  the  gut  is  not  specified  in  a  large  proportion  of 
these  cases.    Otis,  however,  states  that  he  has  been  unable  to  find  a  single  in- 
contestable case  of  bullet-wound  of  the  small  intestine  in  which  recovery  took 
place.    On  the  other  hand,  there  are  good  records  of  at  least  fifty-nine  cases 
of  wound  of  the  great  intestine,  which  terminated  favourably,  usually  with  a 
temporary  establishment  of  a  fascal  fistula.    The  liver  was  wounded  in  173 
cases,  of  which  sixty-two  recovered.    Injuries  of  the  spleen  were  more  fatal, 
only  two  recovering  out  of  twenty-nine  cases.    In  seventy-eight  cases  the 
kidney  was  wounded,  and  of  these  twenty-six  recovered.    Of  the  2,599  cases 
in  which  the  lesion  was  not  specified,  only  186  are  reported  as  having 
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rccoTered.  It  is  evident,  therefore,  that  the  records  of  the  cases  in  which 
the  exact  injury  is  specified,  give  much  too  high  a  proportion  of  recoveries, 
the  mere  fact  of  the  patient's  surviving  having  led  to  a  more  detailed  account 
of  the  injury  being  preserved. 

Treatment. — In  the  treatment  of  penetrating  wounds  of  the  abdomen,  we 
must  consider  first  the  management  of  the  injured  parts,  and  afterwards  that 
of  the  consecutive  peritonitis. 

If  it  can  be  ascertained  with  certainty  that  the  wound  has  not  impli- 
cated any  of  the  ahdominal  viscera,  the  opening  must  be  carefully  cleaned 
with  a  sponge  moistened  with  an  antiseptic  solution,  care  being  taken  not  to 
allow  any  considerable  quantity  of  the  solution  to  enter  the  abdominal  cavity. 
The  wound  must  then  be  closed  by  deep  and  superficial  sutures  ;  the  former 
should  be  of  thick  carbolized  silk,  including  the  whole  thickness  of  the  abdominal 
wall.  The  patient  must  be  placed  in  such  a  position  as  to  relax  the  muscles  of 
the  abdomen.  Some  form  of  antiseptic  dressing  should  then  be  applied,  and 
the  whole  may  be  supported  by  a  broad  strip  of  plaster  or  a  bandage.  If  the 
wound  be  of  great  size  the  abdominal  cavity  must  be  cleaned,  all  clots  of 
blood  being  carefully  removed  with  carbolized  sponges,  squeezed  very  dry. 
When  antiseptics  are  not  at  hand,  it  is  better  to  use  silver  stitches  lest  the 
silk  should  absorb  septic  matter  and  become  irritating.  The  wound  may  then 
be  covered  with  oiled  lint,  or  some  dry  absorbent  dressing.  The  patient 
should  have  a  full  dose  of  opium  ;  about  two  grains  of  the  solid  opium  or  a 
hypodermic  injection  of  the  third  of  a  grain  of  morphia,  after  which  the 
effect  must  be  kept  up  by  doses  of  half  that  amount,  repeated  every  four  or 
six  hom's.  The  patient  must  be  kept  perfectly  quiet  in  bed,  and  no  nourish- 
ment given  but  iced  milk,  or  milk  and  soda-water,  and  some  cold  beef-tea  or 
essence  of  meat,  during  the  first  three  days.  The  bowels  should  not  be 
opened  by  aperient  medicine,  lest  abdominal  irritation  be  set  up,  but  oleagin- 
ous enemata  may  be  administered  at  the  end  of  a  week  or  ten  days. 

Under  this  treatment  recovery  will  usually  take  place  if  the  wound  merely 
implicates  the  abdominal  walls  and  the  peritoneum,  but  unfortunately  in  a 
considerable  proportion  of  these  cases  the  Surgeon  will  be  in  doubt  whether 
the  intestines  are  injured  or  not,  and  the  only  possible  way  of  clearing  up  the 
uncertainty  is  to  enlarge  the  wound,  or,  if  more  convenient,  to  open  the 
abdomen  in  the  middle  line  and  to  examine  the  abdominal  viscera.  This 
treatment  may  seem  severe,  but  experience  has  taught  us  that  an  exploratory 
incision  into  the  abdomen,  if  undertaken  with  proper  precautions,  is  practically 
free  from  da.nger  ;  and,  on  the  other  hand,  if  we  wait  till  the  injury  to  the 
intestine  becomes  evident  by  the  commencement  of  septic  peritonitis,  the  case 
■  is  altogether  hopeless.    In  these  doubtful  cases  the  Surgeon  must  be  guided 
by  circumstances.    If  from  the  nature  of  the  instrument  which  inflicted 
the  wound,  and  the  direction  in  which  it  has  entered  it  is  highly  probable 
that  the  gut  is  wounded,  and  if  the  circumstances  in  which  the  Surgeon  is 
placed  are  such  that  he  can  perform  laparotomy  without  greatly  increasing 
the  patient's  danger,  the  abdomen  should  certainly  be  opened  and  its  contents 
examined,  even  in  the  absence  of  any  definite  symptoms  of  wound  of  the 
intestine. 

If  there  be  evidence  that  the  intestine  is  wounded  though  not  pro- 
truding, either  from  the  extent  and  nature  of  the  wound,  or  from  the 
appearance  of  the  contents  externally,  the  case  if  left  to  itself  is  practically 
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hopeless.    Cross  many  years  ago  expressed  ' the  opinion  that  in  such  cases 
,"  the  duty  of  the  Surgeon  is  to  enlarge  the  abdominal  orifice,  to  seek  for  the 
wounded  tube,  and  to  sew  up  the  cut."    He  did  not,  however,  anticipate 
much  benefit  from  this  treatment  in  gun-shot  \younds,  owing  to  the  multi- 
rplicity  of  the  openings  in  the  gut  met  with  in  such  cases.    Sir  Wilham 
.MacCormac  has  collected  as  far  as  possible  all  the  recorded  cases  of  this  mode 
of  treatment  up  to  the  middle  of  1887,  and  the  results  must  be  regarded  as 
.most  encouraging.    Of  11  stab  wounds  of  the  intestine,  6  recovered  and  5 
died,  and  in  three  of  the  fatal  cases  one  of  the  wounds  had  been  overlooked.  In 
.  2  the  intestine  had  escaped  but  the  omentum  was  wounded  and  bleeding ;  both 
.these  recovered.    In  1  the  spleen  was  wounded  and  Avas  excised  with^'a  fatal 
■result,  and  in  1  the  stomach  was  wounded  and  sewn  up,  but  without  success. 
In  3  no  visceral  wound  was  found,  and  of  these  1  died,  apparently  from  opium" 
poisoning.    Thus,  of  18  cases  operated  on  for  stabs,  10  recovered  and  8  died. 
Two  cases  gored  by  cattle  recovered,  in  one  of  which  the  gut.  was  sutured. 
Laparotomy  for  gun-shot  wound  has  not  been  attended  by  equal  success  ;  of 
.32  recorded  cases  7  recovered  and  24  died,  one  result  not  being  recorded.  '  In 
, these  the  intestine  only  was  wounded  in  18,  and  4  recovered;  in  2  the 
stomach,  and  1  recovered  ;  in  3  the  stomach  and  intestines,  and  in  2  the 
bladder  and  intestines,  and  all  died ;  in  2  the  liver  was  wounded  and  both 
died  ;  in  1  no  wound  of  the  viscera  was  found  and  the  patient  recovered.  In 
.  1  resulting  from  small  shot  the  abdomen  was  cleaned  out,  but  no  sutures  were 
required  in  the  intestine,  and  the  patient  recovered.    In  2  other  fatal  cases, 
■one  was  done  during  septic  peritonitis,  and  in  the  other  the  gut  was  sewn  to 
•the  wound  three  days  after  the  infliction  of  the  injury. 

In  most  of  these  cases  the  abdominal  section  was  done  in  the  middle  line. 
The  advantages  of  this  mode  of  operating  over  enlargement  of  the  wound  are 
very  great.  It  enables  the  whole  length  of  the  intestines  to  be  systematically 
examined,  commencing  from  the  caecum,  which  is  usually  easily  recognizable, 
-and  working  upwards  to  the  duodenum.  It  also  great  facilitates  the  necessary 
cleaning  of  the  abdominal  cavity.  In  performing  the  operation  all  the  details 
described  in  Chap.  LXI.,  Yol.  II.,  must  be  strictly  attended  to.  The  method 
of  treating  the  intestine  is  described  on  p.  888. 

If,  as  must  fi-equently  happen,  the  Surgeon  is .  so  circimistanced  that  he 
cannot  undertake  the  operation  of  laparotomy,  he  must  endeavour  to  limit 
peiitonitis,  and  to  prevent  feculent  extravasation.  The  patient  should  be  laid 
on  the  injured  side  with  the  wound  dependent,  so  as  to  allow  the  fseces  to 
escape  through  it,  if  disposed  to  do  so.  If  the  injury  be  about  the  umbilicus, 
he  must  lie  upon  his  back  with  the  knees  drawn  up  and  bent  over  a  pillow. 
The  skin  round  the  wound  may  then  be  cleansed,  and  an  absorbent  antiseptic 
dressing  applied.  Opium  must  be  administered  in  the  full  doses  already 
indicated,  so  that  the  patient  may  be  kept  well  under  its  influence.  In  these 
cases  it  is  of  the  greatest  utility  in  preventing  extravasation  of  freces,  by  arrest- 
ing the  peristaltic  movement  of  the  intestine,  and  thus  keeping  it  from  change 
of  position.  The  arrest  of  the  intestinal  movements  tends  greatly  also  to  the 
closure  of  the  wound.  Travcrs  showed  experimentally,  and  his  investigations 
have  been  confirmed  by  subsequent  observations  on  tlie  human  subject,  that 
.wounds  of  the  intestines  arc  closed  by  lymph  that  is  thrown  out,  not  only  from 
the  contiguous  peritoneal  surfaces  of  the  part  actually  injured,  but  from  that  of 
neighbouring  coils  ;  so  that  the  aperture  in  the  gut  becomes  permanently 
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glued  and  attached  to  the  structures  in  its  vicinity.  In' order  that  this  process 
should  take  place,  it  is  necessary  that  the  movements  of  the  bowels  should  be 
an-ested  until  tlie  adliesions  have  become  firm  enough  to  prevent  extravasation 
of  fffices. 

If  the  symptoms  of  extravasation  of  feculent  matter  into  the  abdomen  pre- 
sent themselves,  an  attempt  must  be  made  to  facilitate  its  escape  externally. 
The  dressing  must  be  removed,  and,  should  the  lips  of  the  wound  have  already 
become  adherent  to  one  another,  they  may  be  carefully  separated  with  a  probe. 
Should  an  immediate  escape  of  feculent  matter  take  place,  a  drainage-tube 
should  be  inserted  to  ensure  a  ready  exit  for  the  discharges. 

In  those  cases  in  which  the  wound  is  situated  in  the  loin  the  gut  may  be 
wounded  without  implication  of  the  peritoneum,  as  in  lumbar  colotomy.  In 
these  recovery  commonly  takes  place  with  the  formation  of  a  faecal  fistula.  In 
the  early  stages  it  may  be  necessary  to  enlarge  the  opening  to  prevent  burrow- 
ing of  matter  in  the  loose  tissue  around  the  gut. 

When  a  portion  of  intestine  or  of  omentum  has  protruded,  it  should 
be  carefully  cleaned  with  an  antiseptic  lotion  and  replaced  as  speedily  as  possible, 
before  strangulation  has  occurred,  which  may  occasion  gangrene.  Experience 
has  shown  that  carbolic  acid  lotion  (1  in  40),  or  perchloride  of  mercury  (1  in 
2000),  or  dilute  tincture  of  iodine  (Jij  to  Oj)  exerts  no  injurious  influence 
on  the  bowel.    In  replacing  the  protruded  gut,  the  abdominal  muscles  should 
be  relaxed  by  bending  the  thighs  upon  the  abdomen  and  raising  the  shoulders, 
when  the  Surgeon  may  gradually  push  back  the  protrusion  by  steady  pressure 
upon  it ;  he  must  not,  however,  employ  any  force,  nor  any  rough  handhng  of 
the  exposed  parts ;  but  if  their  return  cannot  readily  be  effected,  owing  to  the 
constriction  of  the  neck  of  the  protrusion,  the  aperture  through  which  they  have 
escaped  must  be  enlarged  in  a  direction  upwards,  by  means  of  a  probe-pointed 
bistoury,  or  a  hernia-knife  guided  by  a  flat  director.    In  replacing  the  pro- 
truded parts,  whether  by  the  aid  of  incision  or  not,  care  must  be  taken  that 
they  are  fairly  put  back  into  the  cavity  of  the  abdomen,  and  not  pushed  up 
into  the  sheath  of  the  rectus,  or  into  the  subserous  areolar  tissue  lying  before 
the  peritoneum  ;  an  accident  that  would  be  fatal  by  allowing  the  constriction 
of  the  neck  of  the  protrusion  to  continue  unreheved.    The  protruded  gut  or 
omentum  should  be  allowed  to  remain  in  the  immediate  neighbourhood  of  the 
wound,  to  which  it  will  contract  adhesions  ;  and  through  which  its  contents 
may  escape,  in  the  event  of  any  sloughing  taking  place.    After  the  gut  has 
been  returned,  the  external  wound  must  be  closed  by  sutures.    If  the  pro- 
trusion be  inflamed,  it  must  equally  be  replaced  without  delay  ;  but  should 
the  intestine  have  become  gangrenous  from  continued  constriction  and  ex- 
posure, no  attempt  at  reduction  should  be  made,  but  an  incision  must  be 
canied  through  it,  so  as  to  allow  the  escape  of  fEeces,  and  the  formation  of  an 
artificial  anus,  which  may  subsequently  be  cured  by  a  secondary  operation. 
As  in  the  case  of  strangulated  hernia,  this  a  safer  proceeding  than  attempting 
the  immediate  excision  of  the  gangi-enous  portion  with  suture  of  the  divided  gut. 

If  any  difficulty  be  found  in  returning  a  mass  of  protruded  omentum  it  may 
be  ligatured  in  one  or  more  pieces  with  carbolized  catgut  or  silk,  and  cut  off, 
after  which  the  stump  can  easily  be  passed  into  the  abdominal  cavity.  If  the 
protruded  omentum  be  gangrenous,  it  must  be  excised  on  a  level  with  the 
peritoneum,  to  the  aperture  in  which  that  portion  lying  within  the  abdomen 
win  have  contracted  adhesions. 
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If  the  intestine  that  protrudes  he  wounded  all  Surgeons  are  now 
agjeed  that  the  proper  practice  is  to  close  the  oijcning  by  sutures,  and  to 
return  the  gut  into  the  abdomen  after  carefully  cleaning  it- with  some  anti- 
septic lotion.  This  practice  was  opposed  by  Scarpa  and  S.  Cooper  on  the 
ground  that  the  sutures  were  only  a  further  source  of  iiTitation  and  failed  to 
prevent  extravasation  of  fsces  ;  but  if  they  be  properly  applied,  there  is  no 
doubt  that  they  will  prevent  the  escape  of  feculent  matter,  as  in  a  successful 
case  under  my  care  the  details  of  which  were  published  in  the  "Lancet"  for 
1851.  If  the  wound  in  the  gut  is  limited  in  extent  and  linear,  it  may  be  at 
once  sewn  up.  If  the  gut  is  much  lacerated  and  contused,  as  in  gun-shot 
wounds,  It  may  be  necessary  to  resect  the  damaged  portion,  and  to  unite  the 
divided  gut  by  sutures. 

Travers  found  by  experiment  that  when  a  wounded  gut  was  sewn  up  with 
ordinary  silk  sutures  and  returned  into  the  abdomen,  the  sutures  quickly 
became  coated  over  with  a  thick  layer  of  lymph,  and  gradually  ulcerating 
their  way  inwards,  at  last  dropped  into  the  cavity  of  the  intestine,  beinc. 


Fig.  339.- 


-Application  of  Lembert's  Suture 
to  Wounded  Bowel. 


-Fig.  340.— Lembert's  Suture,   a,  serous : 
6,  muscular;  and  c.  mucous  coat. 


discharged  j?er  amm,  and  leaving  a  firm  cicatrix  at  the  pomt  to  which  they 
had  been  aiDplied,  In  the  present  day  sutures  of  carbolized  or  chromic  catgut 
or  very  fine  carbolized  silk  are  used,  and  it  is  very  possible  that  these  may" be 
absorbed  without  ulcerating  into  the  gut  if  they  are  applied  so  as  not  to 
include  the  mucous  membrane.  Very  fine  sillc  is  generally  preferred  as  being 
more  manageable,  and  tying  more  accurately.  They  should  be  introduced  by 
means  of  fine  round  sewing  needles.  The  ordinary  flat  surgical  needle  cuts 
the  gut  to  such  an  extent  that  the  sutures  may  fail  to  hold.  It  is  almost 
needless  to  observe  that  unless  the  serous  surfaces  are  brought  into  contact  no 
union  will  take  place.  Two  serous  surfaces  will  readily  unite  if  brought  into 
good  apposition,  but  no  union  can  possibly  take  place  between  two  mucous 
surfaces,  or  between  a  serous  and  a  mucous  surface.  Hence,  in  stitching  up 
the  wounded  gut,  the  Surgeon  must  carefully  see  that  the  serous  surfaces  are 
well  and  firmly  brought  together,  and  need  not  trouble  himself  about  the  other 
coats  provided  they  are  kept  out  of  sight. 

With  the  view  of  stitching  together  the  serous  surfaces,  much  ingenuity 
has  been  displayed,  aud  many  devices  have  been  practised.  The  mode  of 
application  most  frequently  adopted  in  the  present  day  is  that  recommended 
by  Lembert.    The  needle  is  introduced  about  a  quarter  of  an  inch  or  a 
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little  more  from  tlie  wound,  and  made  to  penetrate  as  far  as  the  submucous 
tissue ;  it  is  then  brought  out  again  about  one-sixth  of  an  inch  from  the  edge 
of  the  cut  on  the  same  side  ;  on  the  opposite  side,  it  is  made  to  enter  one-sixth 
of  an  inch  ft-om  the  edge  of  the  cut  and  brought  out  at  a  quarter  of  an  inch 
from  it  (Figs.  339,  340).  The  stitches  must  not  be  more  than  a  line  apart, 
and  the  whole  number  required  must  be  introduced  before  any  are  tightened. 
One  stitch  at  each  end  must  be  inserted  beyond  the  limits  of  the  wound, 
otherwise  leakage  is  inevitable.  When  the  sutures  are  tightened  the  mucous 
membrane  is  inverted,  and  the  serous  surfaces  are  brought  into  accurate 
contact.  This  suture  is  easily  applied  in  the  stomach 
or  large  intestine,  but  from  the  thinness  of  the  coats 
of  the  small  intestine  it  is  not  quite  so  easy  of  ap- 
plication in  that  part.  If  there  is  any  difficulty 
the  suture  may  be  applied  in  the  same  way,  but 
may  be  made  to  penetrate  the  whole  thickness  of 
the  gut  on  each  side,  as  recommended  by  Jobert 
(Fig.  341).  The  great  objection  to  this  is,  that 
the  stitches  are  apt  to  become  irritating  by  ab- 
sorbing the  contents  of  the  intestine.  The  con- 
tinuous suture  must  never  be  used,  as  should  one 
stitch  happen  to  cut  out  the  whole  would  become 
loose.    Wlien  the  lips  of  the  wound  have  been 

brought  into  apposition,  the  ends  of  the  sutures  should  be  cut  short  close  to 
the  knots.  If  the  suture  be  of  prepared  catgut  it  will  gradually  be  absorbed  ; 
if  it  be  of  carbohzed  silk  it  is  possible  that  it  may  become  graduaUy  absorbed, 


Fig.  341. — Joljert's  Suture  for 
partial  division  of  the  gut. 


Fig.  343.— The  Suture  Tightened. 
Fig.  342.— Johert's  Suture  for  complete  Transverse  The  figure  shows  a  Leiiihert's 

Division  of  the  Intestine.  Suture  introduced  to  give  ad- 

ditional security. 


unless  it  be  applied  so  as  to  penetrate  the  mucous  membrane,  when  it  will 
find  its  way  into  the  gut  by  ulceration,  and  be  discharged  from  the  bowel. 
After  the  aperture  has  been  closed  the  intestine  must  be  washed  in  lukewarm 
carbolized  water  and  reduced. 

Should  the  protruded  gut  be  completely  divided,  the  twcf  ends  may  be 
united  to  each  other  by  the  suture  that  has  just  been  described.  Jobert  in 
1822  recommended  the  form  of  suture  illustrated  in  the  accompanying 
diagrams  (Figs.  342,  343).    The  lower  end  of  the  gut  is  to  be  folded  in  on 
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Itself,  and  the  suture  inserted  as  in  Fig.  342 ;  on  tightening  the  stitclies  the 
upper  end  is  invaginated  into  the  lower,  as  in  Fig.  343.  The  chief  difficulty 
arises  in  recent  cases  from  the  uncertainty  as  to  which  is  the  upper  and  which 
is  the  lower  end.  In  old  cases  in  which  a  faecal  fistula  has  existed,  the  lower 
end  is  often  so  contracted  as  to  render  the  method  impracticable. 

Should  the  protruded  gut  be  too  extensively  torn,  and  especially  if  it  be 
lacerated  by  gun-shot  injury,  it  would  be  useless  to  attempt  merely  to  stitch  it 
■up.  Three  courses  are  then  open  to  the  Surgeon.  First,  the  gut  may  be 
gently  reduced,  special  care  being  taken  not  to  push  the  wounded  coil  of 
intestine  far  into  the  abdomen,  but  to  leave  it  close  to  the  external  orifice,  so 
that  a  ready  outlet  may  be  afforded  to  any  fjjecal  extravasation  ;  this  method, 
which  was  at  one  time  recommended,  is  almost  inevitably  fatal.  Secondly, 
the  coil  being  partially  reduced,  the  edges  of  the  opening  in  the  gut  may  be 
fixed  by  sutm-e  to  the  margins  of  the  external  wound  in  the  skin,  in  the 
hope  of  an  artificial  anus  being  formed,  which  may  possibly  aftenvards  be 
closed,  either  by  the  contraction  of  the  wound  or  by  operative  proceedings  at 
a  later  period  ;  this  mode  of  treatment  is  best  adapted  to  wounds  of  the  great 
intestine.  Thirdly,  the  injured  part  of  the  gut  may  be  cut  away,  and  the  case 
treated  as  one  of  complete  division  of-  the  intestine.  The  amount  of  success 
that  has  attended  the  removal  of  portions  of  intestine  for  gangi-ene  in 
strangulated  hernia,  for  adhesion  to  abdominal  tumours,  and  for  malignant 
growths  in  the  gut,  and  the  almost  hopeless  natui-e  of  the  case  if  a  lacerated 
coil  of  intestine  is  reduced  into  the  abdominal  cavity,  justify  the  adoption  of 
this  plan  whenever  it  is  possible. 

In  all  cases  in  wMch  the  gut  is  sutured,  the  wound  in  the  abdominal  wall 
must  be  closed,  as  in  cases  of  protrusion  of  uniujm-ed  viscera.  Should  there 
be  any  fear  of  fascal  extravasation,  the  wound  may  be  left,  open,  or,  if  exten- 
sive, partially  closed,  one  end  being  left  open  to  allow  of  the  escape  of  the 
discharges. 

The  after-treatment  must  be  conducted  in  all  respects  on  the  same  principles 
as  in  the  case  of  an  intestine  wounded  without  protruding.  Care  must  be 
taken,  by  attention  to  the  position  of  the  patient,  and  by  the  free  administra- 
tion of  opium,  to  keep  the  bowel  as  quiet  as  possible  near  the  external  opening ; 
the  urine  should  be  drawn  off  twice  in  the  twenty -four  hours,  and  no  purgative 
whatever  administered,  lest,  by  the  excitation  of  peristaltic  action,  adhesion  be 
disturbed,  and  extravasation  take  place.  After  the  lapse  of  eight  or  ten  days 
an  enema  may  be  thrown  up,  and  repeated  from  time  to  time.  No  food  should 
be  allowed  for  the  first  three  days,  dm-ing  which  time  ice  and  barley-water 
should  be  freely  taken  •;  after  this,  beef-tea,  and  light  food  that  leaves  no  solid 
residue,  may  be  given.  It  is  of  great  importance  that  no  solid  food  should  be 
administered  for  at  least  two  or  three  weeks  after  the  occurrence  of  the  injury. 
In  a  case  of  knife-wound  of  the  intestine  which  was  under  my  care,  the 
patient,  who  was  progressing  very  favourably,  and  eventually  recovered, 
nearly  lost  her  life  by  eating  the  pulp  of  an  orange  on  the  tenth  day. 

Treatment  of  Traumatic  Peritonitis. — In  the  treatment  of  this  com- 
plication, we  must  be  guided  by  the  character  of  the  inflammation.  If  the 
peritonitis  be  localized,  leeches  may  be  applied  over  the  tender  part  of  the 
abdomen,  followed  by  hot  fomentations,  and  opium  must  be  administered,  so 
as  to  keep  the  patient  fully  under  its  influence.  Rigid  abstinence  from  food 
should  be  enforced,  ice  and  barley-water  alone  being  allowed. 
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In  diffuse  peritonitis,' the  result  of  a  wound  of  the  intestine,  opium  must  be 
freely  given.  Should  it  be  apparently  due  to  extravasation  of  faeces,  and  should 
there  be  signs  of  gas  in  the  peritoneal  cavity,  with  accumulation  of  fluid  in 
the  flanks,  the  patient  will  certainly  die  if  left  alone  ;  possibly  a  chance  of  life 
might  be  given  by  opening  up  the  wound  and  inserting  a  large  drainage-tube. 
.When  the  peritonitis  occurs  in  an  old  or  feeble  subject,  our  principal  trust 
must  be  in  the  administration  of  opium.  In  these  cases  early  support  will  be 
;required,  with  perhaps  the  administration  of  wine  or  stimulants. 

AVouNDS  OF  THE  KiDNEY. — These  may  be  caused  by  stabs  or  bullet-wounds 
in  the  lumbar  region.  The  symptoms  characteristic  of  this  injury  are  the  same 
.as  in  rapture  (p.  87G),  with  the  addition  of  the  open  wound,  from  which  urine 
may  escape.  The  experience  of  operations  for  the  removal  of  stones  from  the 
kidney  has  taught  us  that  a  simple  wound  of  that  organ  is  not  accompanied  by 
any  very  serious  danger  if  proper  drainage  be  provided.  In  deep  stabs  in  the 
loin,  implicating  the  kidney,  the  best  practice  would  be  to  enlarge  the  wound 
so  as  to  expose  the  gland.  If  it  be  so  injured  that  it  is  not  likely  to  heal,  or 
if  there  be  hEemorrhago  which  threatens  life,  the  kidney  may  be  removed  (see 
Nephrectomy).  If  it  is  but  slightly  wounded,  a  drainage-tube  may  be  inserted, 
and  the  Avound  treated  as  after  nephrotomy  (see  Nephrotomy).  Gun-shot 
wounds  of  the  kidney  are  usually  complicated  by  injuries  of  other  viscera  and 
wound  of  the  peritoneum,  and  in  these  but  little  can  be  done.  Enlarging  the 
wound  if  it  be  in  the  loin,  and  providing  good  drainage,  would  give  the  patient 
the  best  chance  of  life. 

Rupture  of  the  Ureter. — Stanley  has  related  a  remarkable  case  in  which 
the  Ureter  was  ruptured  by  external  violence,  and  in  which  the  patient  re- 
covered ;  a  very  large  accumulation  of  fluid  forming  on  the  injured  side  of 
the  abdomen,  with  considerable  circumscribed  tumefaction  and  fluctuation, 
and  which  required  repeated  tapping.  In  another  case,  in  which  the  Pelvis 
of  the  Kidney  was  ruptured,  a  similar  collection  of  urine  took  place  within 
the  abdomen,  requiring  tapping  ;  as  much  as  six  pints  being  removed  at  one 
sitting.  On  examination  after  death,  which  occurred  in  the  tenth  week  from 
the  accident,  a  large  cyst  was  found  behind  the  peritoneum,  communicating 
with  the  pelvis  of  the  kidney.  Two  cases  of  this  kind  have  recently  occurred 
in  University  College  Hospital.  In  the  one  the  patient,  a  child  aged  3  years, 
under  the  care  of  A.  E.  Barker,  was  run  over  by  a  cab.  The  right  side  was 
bruised,  and  a  few  small  clots  were  passed  in  the  urine.  About  three  weeks 
later  a  large  fluctuating  tumour  was  found  reaching  from  the  iliac  fossa  to 
the  ribs.  Aspiration  showed  that  it  contained  urine.  As  repeated  aspiration 
failed  to  give  any  relief,  a  drainage  tube  was  inserted,  with  the  result  of 
estabhshing  a  fistula.  Finally,  as  the  only  means  of  cure,  the  kidney  was 
removed.  The  child  recovered  from  the  operation,  but  died  subsequently  of 
general  tuberculosis.  The  kidney  and  pelvis  were  found  to  be  uninjured. 
.  The  second  case  was  under  the  care  of  R.  J.  Godlee,  and  similar  treatment 
was  adopted. 

Cysts  in  the  Abdomen  after  Injury. — Large  collections  of  fluid  are 
occasionally  met  with  in  the  abdomen  as  a  remote  consequence  of  injury,  not 
connected  with  the  kidney.    These  seem  to  be,  in  some  cases  at  least,  formed, 
by  imperfectly  absorbed  extravasations  of  blood  enclosed  in  a  space  formed  by 
.  adhesions  amongst  the  surrounding  viscera.    In  one  case  under  MarshaU  in 
.University  College  Hospital  the  injury  had  been  in  the  region  of  the  spleen, 
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and  some  montlis  after  more  than  a  pint  of  darkly-stained  fluid  was  removed 
from  a  cyst  filling  the  left  side  of  the  abdomen.  The  cavity  was  drained,  and 
the  patient,  a  girl  aged  about  12,  recovered. 

INJURIES   OP   THE   PELVIO  VISCERA, 

Bladder.— Rupture  of  the  Bladder,  from  blows  upon  the  abdomen  is 
not  of  very  unfrequent  occui-rence.  It  can  scarceiy  happen  when  the  organ  is 
empty,  as  it  then  sinks  down  under  cover  of  the  pelvic  bones.  But  when  the 
bladder  is  distended,  rising  above  the  pubes,  and  thinned  proportionately  to  its 
distension,  it  may  very  readily  be  ruptured,  even  by  shght  degrees  of  external 
violence,  as  by  one  man  rolling  over  another  in  a  drunken  scuffle,  or  by  a 
person  running  against  a  post,  or  falling  out  of  bed. 

When  the  bladder  is  ruptured  by  a  blow  on  the  abdominal  wall,  the  rent 
takes  place  almost  invariably  through  that  portion  of  it  w^hich  is  covered  by 
peritoneum,  which  is  the  least  supported  as  well  as  the  thinnest  part  of  the 
viscus.  Hence  there  is  extravasation  of  m-ine  and  blood  into  the  abdominal 
cavity.  When  the  bladder  is  wounded  by  gun-shot  or  other  injury,  such 
as  by  falling  on  a  spike,  which  penetrates  the  perinteum  or  rectum,  or  by  a 
splinter  of  a  fractui-ed  pelvis,  those  anterior  and  inferior  parts  of  the  organ 
which  lie  outside  the  peritoneum  may  be  perforated,  and  thus  intra-peritoneal 
extravasation  may  not  occur.  In  any  case  the  shock  following  rupture  of  the 
bladder  is  great ;  but  the  secondary  consequences  will  of  course  depend  on  the 
situation  of  the  rupture  or  wound.  If  the  laceration  have  occun-ed  in  those 
portions  of  the  viscus  that  are  invested  by  peritoneum,  the  urine  will  at  once 
escape  into  the  pelvic  and  abdominal  cavities,  and  speedily  occasion  death 
by  causing  intense  inflammation.  If,  on  the  other  hand,  that  portion  of  the 
organ  has  been  ruptured  which  is  uncovered  by  the  peritoneum,  the  urine  may 
infiltrate  the  areolar  tissue  between  this  membrane  and  the  abdomiual  wall, 
and,  diffusing  widely,  produce  destructive  sloughing  of  the  tissues  amongst 
which  it  spreads.  In  these  cases  life  may  be  prolonged  for  some  days, 
when  the  patient  commonly  sinks  from  absorption  of  septic  matter  from  the 
gangxenous  tissues. 

The  danger  of  a  wound  of  the  bladder  is  due  to  the  eflPusion  of  continually 
increasing  quantities  of  urine.  It  is  in  exact  proportion  to  the  difficulty  that 
the  extravasated  urine  has  in  finding  an  exit.  Hence  an  open  wound  of  the 
bladder  is  by  no  means  so  dangerous  as  a  subcutaneous  ruptm-e.  Many 
patients  have  recovered  whose  bladders  have  been  perforated  and  traversed  by 
bullets,  for  the  mine  finds  a  free  exit  through  the  apertures,  and  consequently 
does  not  tend  to  cxtravasate.  Guthrie  relates  several  cases  of  this  kind  ;  and 
Thomson  saw  fourteen  cases  after  the  battle  of  Waterloo,  in  a  fair  way  of 
recovery.  In  the  American  War,  out  of  one  hundred  and  eighty-three  re- 
ported cases  of  gun-shot  wound  of  the  bladder,  eighty-seven  patients  survived. 
"  though  a  large  majority  suffered  from  grave  disabilities,  and  many  from  dis- 
tressing infirmities,  which  resulted  fatally  in  a  few  cases  after  years  of  suffer- 
ing." Thus,  although  we  may  look  upon  this  accident  as  of  the  gravest 
character,  yet  it  is  by  no  means  necessarily  fatal.  Probably  in  most  of  those 
who  recovered,  the  wound  did  not  implicate  the  peritoneum. 

Symptoms. — The  situation  of  the  injury  in  the  hypogastric  region,  the 
supervention  of  collapse  followed  by  intense  burning  pain  in  the  abdomen  and 
pelvis,  with  inability  to  pass  urine,  or,  if  any  have  escaped  from  the  urethra, . 
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its  being  tinged  with  blood,  are  usually  sufficient  to  ^Doint  to  the  nature  of  the 
accident.  If,  in  addition,  it  be  found  on  introducing  a  catheter  that  the 
bladder  is  contracted  and  empty,  or  that  but  a  small  quantity  of  bloody  urine 
escapes,  not  in  a  uniform  stream,  but  rising  and  falling  with  the  movements 
of  the  abdominal  muscles,  the  Surgeon  may  be  sure  that  this  organ  has  been 
raptured.  In  the  case  of  gun-shot  injury,  the  escape  of  urine  which  generally 
takes  place  through  the  track  of  the  bullet  will  afford  incontestable  evidence 
of  the  mischief  that  has  been  produced. 

When  the  bladder  is  ruptured  through  that  portion  which  is  covered  by 
peritoneum,  the  urine  escapes  into  the  abdominal  or  pelvic  cavity  ;  there, 
however,  it  does  not  at  first  diffuse  very  widely — remaining,  under  the  influ- 
ence of  gravity,  chiefly  in  the  pehdc  cavity,  with  the  small  intestines  floating 
above  it.  This  localized  extravasation  may  be  emptied  by  the  catheter 
through  the  rent  in  the  bladder,  hence  the  escape  of  urine  is  not  incompatible 
with  rupture  of  the  bladder.  This  important  practical  point  is  well  illustrated 
by  the  foHowing  case.  A  man  was  admitted  into  the  Hospital  under  my  care, 
who  had  sustained  rupture  of  the  upper  and  posterior  wall  of  the  bladder  by 
falling  down  stairs  ;  when  admitted  he  was  profoundly  collapsed  and  semi- 
unconscious.  The  abdomen  was  swollen,  tender,  tympanitic  in  front,  dull  in 
the  flanks.  On  passing  a  catheter  the  bladder  was  found  to  be  empty  and 
contracted  ;  but  with  a  little  gentle  manipulation  the  point  of  the  instrument 
could  be  passed  through  the  laceration  in  the  posterior  wall  of  the  bladder, 
and  a  large  quantity  of  clear  urine  was  drawn  off.  For  two  days  the  patient 
seemed  to  be  doing  well.  The  catheter  was  taken  out  to  be  cleaned,  could  hot 
be  introduced  afterwards,  little  urine  escaped,  and  the  patient  died  of  peritonitis. 
In  another  case  under  my  care,  the  patient  lived  ten  days,  the  bladder  being 
kept  drained. 

"When  the  rupture  does  not  implicate  the  peritoneum  the  most  important 
point  in  the  Treatment  consists  in  drainage  of  the  organ,  in  order  to  prevent 
extravasation  of  urine.  This  is  best  effected  by  means  of  a  full-sized  catheter, 
tied  in  and  connected  to  a  long  india-rubber  tube  passing  into  a  basin  of 
carbolic  acid  lotion.  Should  this  not  be  efficient  lateral  perineal  cystotomy 
may  be  performed.    Under  this  treatment  several  cases  have  recovered. 

When  the  peritoneum  is  imphcated  drainage  by  a  catheter  or  cystotomy  is 
much  less  hopeful,  yet  cases  have  recovered  when  treated  in  this  way.  lu  one 
case  Thorp  injected  carbolized  water  into  the  peritoneum,  by  means  of  a  catheter, 
passed  through  the  rent,  and  the  patient  recovered.  Erskine  Mason  saved  one 
case  by  lateral  cystotomy.  The  results  of  these  methods  of  treatment  have 
not,  however,  been  sufficiently  satisfactory  to  justify  us  in  relying  upon  them. 
Abdominal  section  and  suture  of  the  rent  in  the  bladder  probably  holds  out  a 
far  better  prospect  of  success.  Sir  William  MacCormac  has  collected  16  cases 
in  which  this  operation  has  been  performed.  In  10  of  these  the  rent  in  the 
bladder  was  closed  by  sutures  in  most  cases  inserted  so  as  to  include  the 
serous  and  muscular  coats  only.  Three  of  these  recovered,  two  under  the  care 
of  MacCormac,  and  one  under  Walsham.  In  two  earlier  cases  under  Heath 
and  Willctt  the  sutures  gave  way  and  death  occurred  from  peritonitis.  In  the 
successful  cases  the  patients  passed  urine  naturally  after  the  operation  without 
the  aid  of  a  catheter.  In  sewing  up  the  rent  the  stitches  must  extend  beyond 
the  wound  at  each  end  to  prevent  leakage.  In  3  cases  no  sutures  were  put  in 
but  a  large  drainage-tube  was  inserted  into  the  peritoneum.    One  of  these' 
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under  Walters,  recovered.  Iir  two,  tlie  edg-es  of  the  rent  were  seWn  t6  the' 
wound  and  the  bladder  drained,  and  both  recovered,  but  in  one  it  is  not 
certam  that  the  ]3critonemn  was  wounded.  In  one  case  no  rent  was  found, 
and  the  patient  died.  The  jwsi-mortem  examination  showed  a  puucture  not 
implicating  the  serous  coat,  made  by  a  fragment  of  a  fractured  pelvis.  Tims 
of  the  16  cases  in  Avliich  laparotomy  was  performed,  G  recovered— a  much 
higher  rate  of  success  tlian  lias  been  oljtained  by  any  other  means.  The 
best  operation  is  undoubtedly  complete  suture.  If  the  cavity  of  the  jielvis  can 
be  thoroughly  cleaned,  and  the  rent  is  perfectly  closed,  no  drainage  of  the 
abdominal  cavity  is  necessary.  If,  however,  there  is  much  peri  tonitis°drainairc 
should  be  resorted  to. 

Foreign  Bodies,  such  as  pieces  of  catheters,  tobacco-pipes,  pencils,  &c.,  are 
occasionally  met  with  in  the  male  urinary  organs,  having  been  introduced 
through  the  urethra.  In  some  cases  they  are  soon  spontaineously  expelled. 
If  left  in  the  bladder  they  become  encrusted  with  phosphates  and  thus  often 
become  the  nuclei  of  large  aud  irregularly-shaped  calculi ;  hence  it  is  absolutely 
necessary  to  remove  them  speedily.  This  may  occasionally  be  done  by  fortu- 
nately seizing  the  foreign  body  with  a  small  lithotrite  or  urethral  forceps  at 
one  end,  and  withdrawing  it  in  the  direction  of  its  long  axis.  But  if  this 
procedure  be  unsuccessful,  it  must  be  cut  out.  This  is  more  safely  done  by 
the  median  than  by  the  lateral  operation  of  cystotomy. 

Bullets,  pieces  of  clothing,  &c.,  are  occasionally  lodged  in  the  bladder  in  o"un- 
shot  wounds  of  that  organ.  These  speedily  become  encrusted  with  phosphatic 
deposits,  and,  giving  rise  to  the  symptoms  of  stone  in  the  bladder,  require  to 
be  removed  by  cystotomy,  an  operation  that  has  proved  very  successful  in 
these  cases,  evidently  in  consequence  of  the  healthy  condition  of  the  urinary 
organs.  Dixon  has  collected  from  various  works  the  details  of  15  cases,  in 
which  balls,  that  had  either  primarily  entered  the  bladder,  or  had  found 
their  way  into  this  organ  by  abscess  or  ulceration  after  having  been  lodged 
in  the  neighbourhood,  were  extracted  by  operation.  In  10  of  these  the 
result  was  successful ;  in  the  remaining  .5  no  record  is  made  of  the  termina- 
tion. In  the  Surgical  History  of  the  American  War,  21  cases  are  recorded 
in  which  lithotomy  was  performed  for  the  extraction  of  foreign  bodies,  or 
traumatic  calculi.  Of  these  three  died,  the  result  in  one  case  is  unknown,  and 
the  rest  recovered.  In  13  cases  the  missile  itself  was  removed  from  the 
bladder ;  in  3,  a  splinter  of  bone  formed  the  nucleus  ;  in  one  the  stone 
had  formed  round  a  piece  of  cloth,  and  in  anothei-  on  a  curl  of  hair  from  the 
pubes  ;  in  the  remaining  cases  soft  organic  matter  of  doubtful  nature  formed 
the  nucleus. 

Arrow-heads  have  also  been  met  with  in  the  bladder.  There  is,  in  the  Army 
Medical  Museum  at  Washington,  a  remarkable  specimen  of  an  Indian  arrow- 
head which  formed  the  nucleus  of  a  large  phosphatic  calculus. 

In  the  female  also,  various  foreign  bodies  are  occasionally  passed  up  the 
urethra,  and  slipping  from  the  fingers,  are  lost  iu  the  bladder.  Hair-pins, 
bougies,  pencils,  penholders,  and  a  vast  variety  of  similar  objects  have  here 
been  met  with.  As  a  rule  they  may  easily  be  extracted  through  the  urethra, 
which  should  be  expanded  by  a  proper  dilator. 

Wounds  op  the  Organs  of  Genehation  in  the  male  may  be  accidental, 
occasioned  by  sharp  instruments  or  gun-shot,  or  may  be  self-inflicted.  When 
involving  only  the  integuments,  they  jlresent  nothing  peculiar  aud  do  not 
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differ  from  similar  wounds  in  other  situations,' except  in  the  great  rejDarative 
power  that  the  scrotal  and  penile  coverings  possess.  Even  when  the  whole  of 
the  skin  of  the  part  has  been  cut  or  torn  away,  the  organ  is  speedily  re-covered. 
In  one  curious  case  under  my  care,  in  which  a  jealous  wife  had  unsuccessfully 
attempted  to  cut  off  her  husband's  penis  with  a  carving-knife,  the  organ,  which 
had  had  the  whole  of  its  integuments  torn  off  from  the  root  forwards,  quickly 
became  covered  with  a  new  integument,  which  speedily  assumed  the  soft  and 
supple  character  natural  to  the  skin  of  these  parts. 

When  the  penis  is  more  deeply  wounded,  there  are  two  special  sources  of 
danger,  viz.,  hajmorrhage  and  wound  of  the  urethra.  The  hteraorrhage  is 
usuaUy  very  profuse.  If  it  proceed  from  a  distinct  arterial  trunk,  such  as  the 
dorsal  artery  or  that  of  a  corpus  cavernosum,  the  vessel  must  be  ligatured.  If 
it  occur  from  general  oozing  from  the  vascular  tissues  of  the  penis,  it  may  be 
arrested  by  cold,  pressure,  or  astringents.  Pressure  is  best  applied  by  passing 
a  large  catheter  into  the  bladder,  and  then  compressing  the  organ  against  this 
by  means  of  a  narrow  bandage  or  circular  strip  of  plaster. 

Injury  of  the  genital  organs  by  self -mutilation  is  occasionally  met  with  in 
cases  of  sexual  mania  or  melancholia.  In  some  cases  the  patient  has  cut  off 
one  testis  ;  in  others,  the  penis  ;  in  others,  again,  the  whole  of  the  external 
sexual  organs.  Injuries  such  as  these  present  no  very  special  characters,  and 
require  to  be  treated  on  ordinary  principles,  the  great  point  being  of  course 
to  restrain  the  hsemorrhage  and  to  prevent  contraction  of  the  urethral 
orifice. 

Urethra. — Wounds  of  the  Urethra  by  gun-shot  injury,  or  sharp  instru- 
ments, is  a  troublesome  accident,  on  account  of  the  liability  to  the  infiltratioii 
of  urine  and  ultimately  to  fistula.  It  may  be  recognized  by  the  escape  of 
blood  from  the  meatus,  and  of  urine  from  the  wound.  The  Treatment  Gonm,iB 
in  the  introduction  of  a  gum  catheter,  which  should  be  tied  in  ;  and  if  the 
edges  of  the  wound  be  clean  cut,  they  may  be  brought  together  by  interrupted 
sutures.  The  catheter  should  not  be  kept  in  longer  than  is  necessary.  After 
the  first  week,  the  patient  can  in  many  cases  be  taught  to  pass  a  soft  instru- 
ment for  himself  whenever  he  desires  to  pass  water. 

Laceration  of  the  Urethra  is  immediately  attended  by  most  serious 
symptoms,  and  remotely  followed  by  most  disastrous  consequences.  It  very 
frequently  occurs  in  men  employed  in  building,  from  shpping  in  walking  aci'oss 
an  unfinished  floor,  in  such  a  way  as  to  fall  heavily  astride  upon  one  of  the; 
joists.  T  ha\e  seen  it  in  a  farrier,  kicked  in  the  perineum  whilst  shoeing  a 
horse;  and  it  is  not  uncommonly  met  with  as  a  consequence  of  injury  by  a" 
fragment  of  bone  in  fracture  of  the  rami  of  the  pubes  and  ischium. 

In  all  forms  of  the  accident  it  is  almost  invariably  the  membranous  part  of 
the  urethra  that  suffers.  In  a  violent  blow  in  the  perinasum  the  urethra  is. 
forcibly  driven  upwards,  and  crushed  against  the  pubic  arch.  When  the 
laceration  occurs  from  a  fragment  of  bone  in  a  fracture,  it  is  usually  in  those 
cases  in  which  the  pelvis  is  forcibly  compressed,  and. gives  way  both  behind 
and  in  front  (Fig.  222).  The  outer  fragment  is  driven  across  the  middle 
line  in  the  perinjeum,  and  thus  tears  the  urethra.  In  both  these  accidents 
the  anterior  layer  of  the  triangular  ligament  is  torn  ;  it  is  impossible  that  the 
membranous  part  of  the  urethra  could  be  lacerated  by  a  blow  in  the  perinEeura' 
while  it  remained  intact ;  and  in  the  fracture  it  is  torn  at  its  attachment  to 
the  pubic  arch  ;  consequently  if  urine  escapes  from  the  urethra  it  readily  finds 
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its  Avay  into  the  loose  areolar  tissue  beneath  the  deep  layer  of  the  superficial 
fascia. 

In  these  injuries  the  integuments  are  usually  untorn,  but  deeply  ecchymosed. 
The  extravasation  of  blood  is  often  considerable,  extending  into  the  scrotum,' 
which  rapidly  swells  up  and  becomes  black.  It  may,  indeed,  be  very  serious' 
arising  in  some  cases  from  the  lacerated  structures  and  the  torn  superficial 
or  transverse  arteries  of  the  perinEeura  ;  in  other  instances  from  the  corpus 
spongiosum,  the  bulb,  or  the  artery  of  the  bulb.  In  all  cases  of  lacerated 
urethra,  blood  will  drip  from  the  orifice ;  and,  if  the  bulb  and  its  arteries  have 
been  torn,  the  htemorrhage  from  these  may  be  very  great,  a  pint  or  more  of 
blood  being  thus  rapidly  lost,  in  addition  to  great  accumulations  in  the 
perinteum  and  scrotum,  distending  these  parts  with  coagula. 

In  consequence  of  the  interruption  in  the  continuity  of  the  canal  and  the 
compression  or  plugging  of  the  torn  part  by  coagula  of  extravasated  blood,  the 
urine  cannot  be  voided  and  the  bladder  gradually  fills.  If  the  patient  attempt 
to  empty  it,  only  a  few  drops  will  issue  from  the  urethral  orifice  ;  but  he  will 
be  seized  with  severe  burning,  smarting  pain  in  the  peringeum,  and  the  ulti- 
mate evils  of  the  injury  will  be  greatly  aggravated,  for,  wherever  the  urine 
penetrates,  sloughing  of  areolar  tissue  will  rapidly  ensue.  There  is  this  great 
difference  between  extravasation  of  urine  fifom  ruptured  bladder  and  from 
lacerated  urethra :  in  the  first  case  the  urine  escapes  involuntarily  from  the 
injured  organ ;  in  the  second  instance,  no  urine  will  escape  from  the  torn 
urethra,  unless  by  a  voluntary  expulsive  effort  on  the  part  of  the  patient. 
The  sufferings  of  the  patient  are  speedily  increased  by  retention  of  urine  and 
the  distress  occasioned  by  distension  of  the  bladder ;  and  the  necessity  for 
relief  thus  becomes  urgent,  lest  by  an  involuntary  spasmodic  effort  the  urine 
be  pumped  widely  into  the  already  broken-down  areolar  tissue  of  the  perinjeum. 

The  pathology  and  symptoms  of  extravasation  of  urine  are  fully  described  in 
the  Chapter  on  Stricture  of  the  Urethra.    (See  Vol.  II.) 

The  ultimate  results  of  a  lacerated  urethra  are  no  less  serious  than  the 
immediate  effects.  If  the  floor  only  of  the  ui-ethra  have  been  lacerated, 
leaving  the  upper  part  of  the  Avail  of  the  canal  intact,  the  continuity  of  the 
urethra  will  not  be  lost,  but  a  permanent  traumatic  stricture  of  the  worst  kind 
will  ensue.  If  the  urethra  have  been  completely  torn  across,  or  slough  as  a 
result  of  the  injury,  obliteration  of  a  portion  of  the  canal  may  take  place,  and 
an  incurable  urinary  fistula  will  be  left  in  the  peringeum. 

The  Treatment  consists  in  the  early  introduction  of  a  catheter  into  the 
bladder.  If  this  can  be  done  before  the  patient  has  made  an  attempt  to  pass 
his  urine,  much  of  the  immediate  danger  of  the  case  may  be  averted,  by  the 
prevention  of  urinary  infiltration.  The  catheter,  which  should  be  an  elastic 
one,  must  not  be  too  small ;  as  a  rule,  No.  8,  English  scale,  will  be  found  the 
most  convenient  size.  A  catheter  coude  will  usually  pass  more  readily,  as  the 
point  is  kept  towards  the  roof  of  the  canal  which  usually  is  uninjured.  If 
this  do  not  enter  readily,  an  Englisli  gum-clastic  catheter  on  a  stylette  bent  to 
a  proper  form,  various  angles  and  curves  being  tried  one  after  another,  will 
often  be  successfully  passed.  No  force  must  on  any  account  be  used ;  thei'e  is 
no  resisting  stricture  to  overcome ;  the  passage  is  free  enough  if  the  right  way 
in  be  found.  AVhen  a  catheter  has  been  passed  it  must  be  left  in  for  about  a 
week.  It  should  not  be  plugged,  but  should  have  a  vulcanized  india-rubber 
tube  attached,  so  that  the  urine  may  escape  as  fast  as  secreted.    If  any  hard- 
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uess,  throbbing,  or  other  sign  of  irritation  occur  in  the  perinasuni,  a  free  incision 
should  be  made  into  the  part,  so  as  to  afford  a  ready  outlet  for  any  urine  that 
may  have  been  eflPused.  If  the  Surgeon  find  it  impossible  to  introduce  a 
catheter  into  the  bladder,  the  urethra  being  torn  completely  across,  he  should 
pass  it  as  far  as  it  will  go,  and  then,  putting  the  patient  in  the  position  for 
lithotomy,  make  a  free  incision  in  the  mesial  line  upon  the  point  of  the 
instrument,  so  as  to  establish  an  opening  in  the  perinseum  that  will  communicate 
with  the  deeper  portion  of  the  urethra ;  any  arteries  that  bleed  freely  should  be 
tied.  He  must  then  endeavour  to  pass  the  catheter  into  the  bladder,  through 
the  proximal  portion  of  the  injured  urethra.  This  is  often  extremely  diflficult. 
If  the  floor  of  the  urethra  only  have  been  torn,  it  may  be  accomplished  by 
keeping  the  point  of  the  catheter  well  against  the  upper  wall  of  the  canal ; 
but  if  the  urethra  have  been  completely  torn  across,  it  will  tax  all  the  skill 
(if  the  Surgeon  to  direct  the  instrument  into  the  vesical  end  of  the  canal. 
T.  P.  Teale  (senior),  of  Leeds,  recommends  that  a  director  should  be  first 
introduced  into  the  proximal  end  of  the  opening  in  the  urethra,  over  which 
a  dilator  may  be  passed ;  the  director  being  then  withdrawn,  the  catheter  is 
readily  introduced  through  the  dilator.  Should  the  urine  become  extravasated, 
the  Surgeon  must  follow  its  course  with  free  and  deep  incisions,  supporting 
the  strength  of  the  patient  at  the  same  time  by  a  due  allowance  of  stimulants 
and  nourishment.  If,  when  the  urethra  is  completely  torn  across,  a  catheter 
cannot  be  passed,  and  the  urine  finds  a  difficulty  in  escaping,  rehef  not  being 
itforded  by  the  perineal  incision,  and  the  bladder  becoming  overdistended, 
this  organ  should  be  tapped  through  the  rectum,  in  the  way  that  wiU  be 
described  when  we  come  to  speak  of  diseases  of  the  urinary  organs.  But 
tapping  through  the  rectum  should  not  be  done  before  the  perineal  incision  is 
made,  and  is  scarcely  ever  required  after. 

Yagina  and  Rectum. — Foreign  Bodies  are  occasionally  tlirust  forcibly 
into  or  impacted  in  the  vagina  or  rectum.  When  a  foreign  body,  such  as  a 
stick,  or  a  Ijroom-handle,  or  the  leg  of  a  chair,  is  thrust  forcibly  up  the  rectum 
l^y  a  person  falling  on  it,  two  dangers  may  result — extensive  laceration  of  the 
sphincter  ani  and  the  perinseum,  with  hsemorrhage,  or  transfixion  of  the  gut 
:ind  wound  of  the  peritoneum,  with  consecutive  inflammation  of  that  mem- 
1  irane,  which  almost  invariably  terminates  fatally.  The  consequences  of  such 
an  injury  present  nothing  very  special,  and  require  to  be  treated  on  ordinary 
principles.  If  in  the  fall  the  foreign  body  have  been  forcibly  thrust  into  the 
vagina,  there  may  be  injury  to  the  bladder  or  peritoneum  ;  but  the  most 
common  source  of  danger  is  laceration  of  the  labium,  and  free  haemoiThage 
from  this  source.  I  have  several  times  seen  enormous  quantities  of  blood 
thus  lost.  This  haemorrhage  is  best  arrested  by  plugging  firmly  with  lint 
<(jaked  in  a  solution  of  the  perchloride  of  iron,  and  by  the  pressure  of  a 
bandage. 

A  variety  of  things,  such  as  pieces  of  stick,  glass-bottles,  gallipots,  tumblers, 
&c.,  have  been  introduced  into  and  impacted  in  these  canals.  Their  extraction 
is  often  very  diflRcult,  in  consequence  of  the  swelling  of  the  mucous  membrane 
over  and  around  them,  and  the  depth  to  which  they  have  been  pushed.  In 
order  to  remove  them,  the  use  of  lithotomy  or  neci'osis  forceps  may  be  required. 
In  some  cases  the  foreign  body  produces  ulceration  into  the  bladder  ;  and  it 
has  been  found  to  transfix  the  wall  of  the  canal  in  which  it  is  lodged,  and,  by 
[lenetrating  the  peritoneum,  has  speedily  occasioned  death.    A  remarkable 
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case  of  this  kind  occurrecl  in  my  practice,  iu  wliich  a  cedar  pencil,  fi\  e  inches 
long,  and  cut  to  a  point,  had  been  forced  up  l)y  the  patient  lierself;  a  young 
woman,  through  the  posterior  wall  of  the  vagina  into  tlie  aljdouiiual  cavity 
Here  it  transfixed  two  coils  of  the  small  intestine,  and  after  being  fixed  there 
for  eight  months,  I  extracted  it  by  an  incision  through  the  anterior  abdominal 
wall,  midway  between  the  umbilicus  and  Poupart's  ligament,  where  its  point 
Avas  engaged  in  the  fascia  transversaHs.  It  had  occasioned  repeated  attacks  of 
peritonitis  ;  and,  after  extraction,  death  resulted  ft-om  that  cause. 

Laceeatiobt  of  the  Perineum.— The  perineum  is  occasionally  ruptm-ed 
during  parturition.  The  extent  of  the  laceration  varies  greatly,  and  influences 
materially  the  ultimate  issue  of  the  case.  In  some  cases  there  is  merely  a 
slight  rent  at  the  fourchette  ;  in  others,  the  whole  perinajum  has  given  way 
as  far  as  the  sphincter  ani ;  in  others  the  sphincter  also  is  torn  ;  or  the  rent 
may  extend  into  the  recto-vaginal  septum.  The  worst  cases  are  those  in 
which  the  perinaaum  has  been  torn,  and  the  recto-vaginal  septum  destroyed 
by  sloughing  from  prolonged  pressure  of  the  foetal  head.  In  such  cases,  the 
loss  of  soft  tissues  and  the  existence  of  dense  cicatricial  bands  render  complete 
union  by  operation  very  uncertain. 

^  The  length  of  time  that  has  elapsed  since  the  occurrence  of  the  injury  is  of 
little  consequence.  It  is  as  easy  to  repair  a  perinseum  that  has  been  lacerated 
for  ten  years,  as  one  that  has  been  so  for  ten  days.  A  very  serious  evil 
arising  from  ruptm-ed  perinseum  is  the  loss  of  support  to  the  pelvic  viscera, 
and  the  consequent  liability  to  prolapsus  of  the  uterus  or  of  the  vaginal  or 
vesical  wall  giving  rise  to  irritability  of  the  bladder.  When  the  sphincter 
ani  or  the  recto-vaginal  septum  has  given  way,  incontinence  of  f£eces  forms 
the  most  troublesome  symptom.  The  frequent  escape  of  small  quantities  of 
semi-solid  or  liquid  motions  must  not  be  mistaken  for  diarrhoea,  and  is  often 
associated  with  the  accumulation  of  hard  ftecal  matter  in  the  upper  part  of 
the  rectum  and  the  colon.  The  neighbouring  parts  are  from  this  cause  liable 
to  excoriation  ;  and  not  unfrequently  the  rectal  mucous  membrane  becomes 
prolapsed  or  hsemorrhoidal. 

The  operation  for  the  closure  of  ruptured  perinfeum  is  comparatively  modern. 
Although  it  had  been  done  in  France  by  Guillemeau  in  the  16th  century,  and 
by  Smellie  in  this  country,  little  attention  was  paid  to  the  subject  until  Eouse, 
in  1834,  published  five  cases,  in  four  of  which  he  had  efi'ectcd  a  curebymeaus 
of  the  quilled  suture.  From  that  time  the  operation  took  its  place  in  surgery, 
and  has  been  perfected  and  simplified  by  Baker  Brown,  Emmet,  Bantock,  and  . 
others.  -  j 

The  operation  may  be  done  at  two  distinct  periods  after  the  occui-rence  of  I 
the  lacerations,  viz.,  immediately  or  remotely. 

The  immediate  operation  is  done  as  soon  as  possible  after  the  occurrence  1 
of  the  accident.  It  is  performed  as  follows  .-—The  patient  lying  in  the  obstetric  ' 
position,  the  vagina  is  to  be  plugged  with  a  sponge  having  a  string  attached. 
The  edges  of  the  fissure  are  then  cleaned  and  brought  together  carefully  with 
two  or  three  points  of  suture.  The  sponge  is  then  removed.  The  vagina  must 
be  washed  out  thrice  daily  Avith  a  tepid  antiseptic  solution,  the  best  being 
Condy's  fluid  and  water,  or  a  concentrated  solution  of  boracic  acid.  The 
urine  must  be  drawn  oflF  regularly.  The  sutures  may  be.  removed  at  the  end 
of  a  week. 

The  remote  operation  consists,  iu  chronic  cases,  of  a  plastic  procedure, 


OPERATION'  FOR   RUPTURED  PERIN.EUM.  899 


liaving  for  its  object  the  briug-ing  together  and  the  union  by  adhesion  of  the 
opposite  sides  of  the  rent.  The  difficulty  of  this  operation  will  vary  according 
to  the  extent  of  the  laceration,  and  its  prospect  of  success  mil  depend  on 
attention  to  several  points  in  its  performance ;  but  also,  as  is  the  case  with 
most  plastic  procedures,  on  the  state  of  the  patient's  health.  This  should  be 
orought  up  to  the  best  possible  condition  before  the  Surgeon  proceeds  to 
operate.  All  local  irritation  should  be  removed,  piles  or  prolapsus  ani  cured, 
and  the  parts  brought  into  as  healthy  a  state  as  possible. 

Operation  for  Ruptured  Permaeum. — The  operation  as  performed  by 
Baker  Brown  is  thus  carried  out.  The  bowels  having  been  well  cleared  out, 
the  patient  should  be  placed  in  the  position  for  lithotomy  The  upper  wall  of 
the  vagina  being  held  out  of  the  way  by  means  of  a  "  duck-bill "  speculum, 
rhe  edges  and  sides  of  the  rent  must  be  freely  and  deeply  pared  in  a  horse-shoe 
shape,  so  as  to  leave  a  raw  surface  about  an  inch  in  width.  Most  Surgeons 
prefer  the  scalpel  for  this  dissection,  but  some  use  the  scissors  as  being  more 
handy  and  followed  by  less  bleeding.  Great  care  must  be  taken  not  to  carry 
tlie  paring  too  far  forwards  so  as  to  encroach  on  the  nymphse,  or  too  contracted 
an  outlet  will  be  left  for  future  parturition.  Every  particle  of  mucous  mem- 
brane and  integumental  structure  must  be  removed  from  the  fissure,  and  if  the 
recto-vaginal  septum  is  implicated  special  care  must  be  taken  to  pare  the  upper 
mgle  thoroughly.  Any  portion  of  these 
<ructures  that  may  be  left  behind,  how- 
ever minute,  will,  of  course,  be  an  ob- 
stacle to  union,  and  will  either  com- 
pletely prevent  it  or  leave  a  fistulous 
iipening  at  its  site.  Brown  recom- 
mended that  the  sphincter  ani  should 
hen  be  freely  divided,  but  experience 
lias  shown  that  this  is  not  necessary. 
Three  quilled  sutures  (Fig.  344)  should 
tlien  be  passed  deeply  through  the 

freshened   side   of  the  laceration,  and     Fig.  344.-Operatioii  for  Lacerated  Permiemn. 

the  edges  brought  together  by  a  few 

superficial  interrupted  sutures.    The  deep  sutures  are  best  introduced  by 
■  mg  nsevus-needles.     The  one  nearest  the  anus  should  be  passed  first  ; 
and  if  the  recto-vaginal  septum  be  involved  in  the  rent,  it  must  be  dipped 
into  but  not  passed  through  the  freshened  surface  of  this  part,  so  as  to  draw 
it  well  forwards  and  against  the  new  perinseum.    The  sutiu'es  should  be  in- 
troduced at  a  distance  of  one  inch  from  the  cut  edge,  should  pass  about 
liree-quarters  of  an  inch  in  depth,  and  be  brought  out  on  the  other  side 
it  the  same  distance  from  the  freshened  surfaces  as  that  at  which  they 
filtered.    The  great  difficulty  in  this  operation  will  be  found  in  the  removal 
of  the  mucous  membrane  from  the  aperture  in  the  recto-vaginal  septum, 
and  in  bringing  its  edges  together.    In  proportion  to  the  loss  of  substance 
'hat  has  occurred,  this  difficulty  will  increase.    Sometimes  a  narroAV  band,  the 
■suit  of  some  previous  ineffectual  attempt  at  union,  will  be  found  to  stretch 
cross  the  gap  at  the  verge  of  the  anus.    This  should  not  be  retained,  as  it 
ill  be  greatly  in  the  way  of  the  operator,  and  useless  as  far  as  after-union  is 
oncerned. 

The  best  material  for  the  deep  sutures  is  thick  silver  wire  or  silkworm  gut, 
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and  the  simple  suture  is  now  generally  preferred  to  the  quilled.  The  super- 
ficial sutures  may  be  of  fine  silver  wire. 

Baker  Brown's  method  gives  very  good  results  in  simple  cases,  ljut  is  less 
successful  in  those  in  which  the  septum  is  extensively  torn.  In  these  cases 
the  operation  recommended  by  Bantock  Avill  be  found  to  give  better  results. 
It  combines  the  more  recent  improvements  of  Emmet,  Thomas,  Le  Fort  and 
other  workers  in  this  field  of  Surgery,  and  difiers  in  some  very  important 
respects  from  Baker  Brown's.  In  the  first  place,  the  raw  surface  is  made  in 
the  form  of  a  wedge  with  its  apex  forwards,  being  about  one  inch  deep 
posteriorly,  and  tapering  off  towards  the  nymphs.  When  the  septum  is  torn 
a  flap  of  mucous  membrane  a  quarter  of  an  inch  or  more  in  width  is  raised 
on  each  side  with  the  base  away  from  the  middle  line,  both  fi:om  the  vaginal 
and  rectal  edges  of  the  raw  surface.  A  sufficient  number  of  fine  carbohzed 
catgut  sutiures  are  then  introduced  in  such  a  way  that  Avhen  they  are 
tightened  they  shall  bring  the  raw  surfaces  of  the  small  rectal  flaps  into  close 
contact,  the  free  edges  of  the  flaps  looking  into  the  rectum.  The  deep 
perineal  sutures  are  then  passed  a  quarter  of  an  inch  from  the  margin  of  the 
skin  in  front  of  the  anus,  carried  into  the  recto-vaginal  septum,  in  the  middle 
of  which  they  emerge,  then  immediately  re-introduced  so  as  to  leave  none 
visible,  and  brought  out  on  the  opposite  side  at  a  point  corresponding  to  that 
of  entry.  These  stitches  should  not  be  quilled,  and  the  best  material  to  use  is 
strong  silkworm  gut  (such  as  is  used  in  salmon  fishing).  A  sufficient  number 
of  fine  stitches  are  then  introduced  in  the  vaginal  flaps  in  the  same  way  as 
has  already  been  done  in  the  rectal  flaps.  The  sutm-es  are  then  drawn  tight, 
beginning  with  those  in  the  rectum,  and  ending  with  those  in  the  vagina. 
Finally,  a  sufficient  number  of  superficial  interrupted  stitches  are  introduced 
in  the  skin  between  the  deep  sutures.  The  ends  of  all  the  sutures  are  cut 
short.  Bantock,  following  Marion  Sims,  Emmet  and  others,  does  not  divide 
the  sphincter  ani.  This  operation  has  undoubtedly  established  an  advance  in 
the  surgical  treatment  of  ruptured  perinseum.  The  simple  sutures  are  a 
great  improvement  on  the  quilled,  which  not  only  occasioned  much  pain,  but 
led  to  sloughing  and  consequent  weak  union.  So  also  the  abandonment  of 
the  division  of  the  sphincter  ani  has  materially  lessened  the  severity  of  the 
operation. 

Success  will,  to  a  great  extent,  depend  on  the  attention  bestowed  on 
the  after-treatme7it,  the  mode  of  conducting  which  has  been  laid  down  Avith 
much  precision  by  B.  Brown.  The  principal  points  to  be  attended  to  are 
the  following.  Immediately  after  the  operation,  a  full  dose  of  opium  should 
be  given,  followed  by  a  gxain  once  or  twice  a  day,  so  as  to  aiTest  aU  intestinal 
action.  The  patient  should  be  laid  on  her  side,  and  the  water  must  be  dra-wii 
off  three  or  four  times  a  day  by  means  of  a  catheter.  It  is  better  not  to  tie  a 
catheter  into  the  bladder  as  it  is  apt  to  cause  cystitis,  and  a  little  urine  often 
leaks  out  beside  it,  and  by  dribbling  over  the  raw  edges  may  prevent  union. 
All  haemorrhage  should  be  thoroughly  arrested  before  the  surfaces  are  brought 
together,  but  should  any  oozing  occur  afterwards  it  is  best  controlled  by  ice 
in  the  vagina.  The  deep  sutures  should  not  be  so  tight  as  to  cause  ulceration. 
They  must  be  carefully  looked  to,  and  if  they  are  causing  no  irritation  they 
may  be  left  for  six  days  or  a  week.  If  suppuration  be  set  up  along  their  track 
they  must  be  at  once  taken  out.  The  superficial  sutures  may  be  left  in  for 
eight  or  ten  days  if  they  are  of  silver  wire.   The  catgut  stitches  in  the  rectum 
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and  vagina  do  not  require  removal,  as  they  ultimately  melt  away.  Before  the 
stitches  ai"e  removed,  I  have  found  it  advantageous  to  keep  the  part  covered 
with  collodion.  When  the  stitches  are  removed,  even  if  very  imperfect  union  is 
found  to  have  taken  place,  all  hope  of  a  cure  need,  not  be  abandoned.  The 
patient  should  be  kept  on  her  side  and  as  quiet  as  possible,  and  it  often 
iiappens  that  those  parts  which  have  not  united  by  the  first  intention  become 
soundly  healed  by  granulation.  When  the  sutures  are  removed  a  pad  of  dry 
lint  supported  by  a  T-bandage  should  be  applied.  When  the  recto-vaginal 
-eptum  has  been  implicated,  the  bowels  should  not  be  allowed  to  act  for  at 
least  ten  or  twelve  days,  lest  the  freshly  united  surfaces  be  torn  through. 
They  are  then  best  relieved  by  a  large  olive  oil  enema.  When  the  perinseum 
only  has  been  the  seat  of  laceration,  they  may  be  allowed  to  act  earlier. 
During  the  whole  of  the  treatment,  the  patient's  strength  must  be  supported 
by  abundant  nourishment ;  and  scrupulous  attention  should  be  paid  to  the 
cleanliness  of  the  parts,  by  frequent  syringing  with  an  antiseptic  lotion,  and 
the  application  of  finely-carded  dry  wool. 

Plastic  operations  of  this  kind  should  not  be  performed  unless  the  patient 
1  le  in  a  good  state  of  health,  that  there  may  be  a  good  prospect  of  immediate 
union.  The  success  of  the  case  will  depend  mainly  on  the  extent  of  lacera- 
tion, or  rather  of  loss  of  substance,  in  the  recto- vaginal  septum.  If  this  be 
uninjured,  or  merely  notched,  but  little  difficulty  will  be  experienced  in 
ffecting  a  cure.  If,  on  the  other  hand,  this  wall  be  deeply  lacerated,  or, 
:  ill  worse,  if  a  portion  of  it  have  sloughed  away,  the  greatest  difficulty  may 
i  C'sult  in  effecting  union ;  and  in  such  untoward  circumstances  it  may  happen, 
tliat  the  periuEeum  unites,  but  that  a  fistulous  opening  is  still  left  in  the  recto- 
\-aginal  wall,  requiring  a  future  plastic  operation  for  its  closure  (see  Chapter 
1.XVII.). 
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MOETIFICATION,  OE  GANGRENE. 


The  death  of  a  part  of  the  body  is,  in  surgical  language,  termed  Mortifi- 
cation or  Gangrene.  In  pathological  language  the  term  Necrosis  is 
applied  to  Local  death  generally,  in  whatever  part  or  tissue  it  occurs;  but  in 
surgical  practice  it  is  customary  to  confine  it  to  aflfectious  of  the  bones  or 
cartilages :  when  limited  to  the  soft  tissues  of  a  limb  it  is  spoken  of  as  Spha- 
celation; and  when  accompanied  by  ulceration,  it  is  called  SlougMng. 
Many  other  varieties  of  gangrene  are  recognized  by  Sm-geons.  Like  most  other 
diseases,  it  may  be  Acute  or  Chronic  in  its  duration.  As  the  parts  affected 
are  moist  and  swollen,  or  day  and  shrivelled,  it  may  be  divided  into  the  Moist 
and  the  Dry  or  Mummified  gangrene ;  so  again,  according  to  its  cause,  it  is 
spoken  of  as  Spontaneous  or  Traumatic  ;  and  very  frequently,  it  is  arranged 
according  to  the  nature  of  its  cause  under  the  denominations  of  Constitutional 
and  Local.  Besides  these,  various  Specific  f  oitqs  of  the  disease  are  met  with, 
which  will  require  special  consideration. 

Local  Signs. — Certain  local  phenomena  are  common  to  all  varieties  of 
gangrene.  The  part  becomes  colder  than  natural,  the  temperature  falliug 
to  that  of  the  external  air.  Its  sensibility  is  lost,  and  it  may  be  touched, 
pricked,  or  cut  without  feeling.  In  some  cases  the  sensibility  is  greatly 
increased  just  before  gangrene  sets  in,  agonizing  pain  of  a  burniug  or 
neuralgic  character  being  experienced,  which  soon  gives  way  to  complete 
insensibility.  The  natural  functions  of  the  affected  parts  are  abohshed. 
Thus  the  muscles  no  longer  contract,  and  all  motion  of  the  part  itself  ceases. 
It  may  be  moved  by  muscles  from  a  distance,  but  it  has  no  independent 
power  of  motion.  The  changes  that  subsequently  take  place  in  the  tissues  of 
the  gangi'cnous  part  are  of  two  kinds,  giving  rise  to  the  division  of  gangi'eue 
into  dry  and  moist.  In  the  moist  variety  death  of  the  part  takes  place  while 
the  tissues  are  engorged  with  blood,  either  from  inflammation  or  from 
obstruction  to  the  circulation  through  the  veins  or  capillaries.  In  this  form 
the  skin  of  the  dead  part  becomes  discoloured,  usually  greyish  or  greenish,  the 
cuticle  separates,  and  when  pressed  upon  obliquely  slides  away  under  the 
finger,  leaving  the  moist  and  slippery  cutis  exposed.  The  colour  gradually 
darkens  to  a  dull  purphsh  gi-eenish  black,  mottled  in  patches  with  reddish- 
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browu  spots  ;  aud  uffcer  a  time  an  odour  of  putresceDce  is  evolved,  very 
commonlj  with  an  emphysematous  crackling  from  evolution  of  gas  in  the 
gangrenous  tissues.  This  shows  that  putrefactive  changes  have  taken  place  in 
the  dead  tissues.  The  dnj  variety  occurs  as  a  consequence  of  some  obstruc- 
tion to  the  supply  of  blood  to  the  part,  so  that  at  the  time  it  sets  in  the 
tissues  contain  less  blood  than  natural.  In  it  the  colour  is  often  at  first  of  a 
pale  tallowy  white,  mottled,  with  dusky  spots.  The  skin  soon  becomes  dry, 
horny,  and  semi-transparent,  and  eventually  assumes  a  brown  wrinlded 
appearance,  and  the  jvhole  gangrenous  part  becomes  shrivelled  and  dry  like 
the  limb  of  a  mmnmy. 

Constitutional  Symptoms. — These  vary  greatly.  When  the  disease  is 
strictly  local,  affecting  a  part  of  but  limited  extent,  and  perhaps  of  no  great 
importance  to  the  economy,  they  are  not  very  strongly  marked.  If,  however, 
the  gangrene,  although  limited,  implicate  important  organs,  as  a  knuckle  of 
intestine  for  example,  marked  symptoms  declare  themselves. 

The  full  invasion  of  the  gangrene,  if  it  affect  any  considerable  extent  of 
tissue  or  any  important  organ  is  always  attended  by  great  depression  of  the 
system.  The  countenance  is  dull  and  anxious  and  the  pulse  feeble,  quick,  and 
■asily  compressible  ;  the  tongue  is  brown,  and  the  lips  and  teeth  loaded  with 
sordes.  In  moist  gangrene  the  constitutional  disturbance  is  aggravated  in 
some  cases  by  absorption  of  the  products  of  the  unhealthy  inflammation  from 
which  the  death  of  the  part  has  resulted,  and  in  others  of  the  products  of 
putrefaction  from  the  decomposing  slough.  Death  may  in  fact  occur  from  this 
cause  with  all  the  symptoms  of  septic  poisoning.  In  dry  gangrene  these 
symptoms  are  usually  much  less  marked.  When  gangrene  affects  an  internal 
organ  the  depression  is  always  very  great,  and  the  special  symptoms  will  vary 
with  the  part  affected. 

Causes. — The  causes  of  gangrene  are  predisposing  and  immediaie.  Any- 
thing that  tends  to  lower  the  vitality  of  the  tissues  must  necessarily  bring 
them  into  a  state  in  which  a  comparatively  slight  injury  may  cause  their  death. 
These  conditions  have  already  been  fully  discussed  in.  the  chapter  on  inflam- 
mation (p.  162  et  seq.).  The  predisposing  causes  of  inflammation,  when 
acting  more  powerfully,  predispose  to  gangrene. 

Immediate  Causes  of  Gangrene. — These  may  be  divided  thus  : — 

1.  Causes  acting  primarily  "by  arrest  of  the  Circulation. — These  may 
again  be  divided  into  : — 

(«.)  Arrest  of  the  Supply  of  Arterial  Blood  to  a  part. — This  is  a  common 
cause  of  gangrene.  It  may  be  produced  by  accident,  by  ligature  or  other 
surgical  operation,  or  by  thrombosis  or  embohsm  of  the  arteries. 

(&.)  Ohstruction  of  the  Circulation  through  a  part. — This  is  seldom  a  pri- 
,mary  cause  of  gangrene,  and  as  such  arises  only  from  pressure  either  from 
■\vithin,  as  from  the  growth  of  a  tumour,  or  from  without,  as  in  the  formation 
of  bed-sores  or  sloughs  beneath  splints.  Obstruction  to  the  capiUary  circu- 
lation necessarily  accompanies  all  acute  inflammations,  'and  often  forms  an 
important  element  in  the  production  of  gangrene  ;  but  in  inflammation  it  is 
not  a  primary  cause,  being  secondary  to  the  damage  done  to  the  tissues  directly 
by  the  irritant  causing  the  inflammatory  process. 

(f.)  Ohstruction  to  the  Return  of  Venous  Blood  from  a  piart. — This  seldom 
forms  the  sole  cause  of  gangrene,  e\'en  when  important  veins  are  occluded  by 
thrombosis  or  pressure.    As  an  accessory  cause,  it  frequently  aids  in  the 
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prodncfcion  of  gangrene,  when  the  main  artery  is  obstructed  at  the  same 
time. 

[d^  Diminished  Vis  a  Tergo  from  extreme  wealcness  of  the  heart's  action.— 
This  is  a  powerful  accessory  cause  when  there  is  any  obstruction  either  to  the 
arterial  flow  or  to  the,  venous  return.  It  may  result  fi-om  extreme  debility 
from  fever  or  from  starvation.  The  gangi-ene  tliat  accompanies  ergot-poison- 
ing is  supposed  to  be  due  partly  to  relaxation  of  the  veins  by  which  a  large 
quantity  of  blood  is  withdrawn  from  the  circulation,  and  partly  to  weakness 
of  the  heart's  action.  Great  loss  of  blood  may  in  the  s^me  way  aid  in  pro- 
ducing gangrene. 

2.  Causes  acting  directly  on  the  Tissues  : — 

(a.)  Traumatic  Causes. — The  production  of  gangi-ene  by  mechanical 
violence,  heat  and  cold,  and  caustic  fluids  has  already  been  fuUy  discussed, 
and  needs  no  further  notice  here. 

(J).)  Causes  giving  rise  to  acute  inflammaiion. — Any  acute  inflammation, 
as  already  pointed  out  in  the  chapter  on  inflammation,  may  terminate  in 
gangrene,  if  the  irritant  which  causes  it  is  of  sufficient  intensity  or  the  tissues 
upon  which  it  acts  are  of  abnormally  low  vitality. 

In  certain  forms  of  specific  infective  inflammation  gangrene  forms  the 
principal  characteristic  of  the  process,  as  in  hospital  gangrene,  cancrum  oris, 
carbuncle,  malignant  pustule,  and  spreading  traumatic  gangrene. 

Amongst  the  causes,  some  are  Constitutional,  others  Iiocal,  in  their  action. 
Those  forms  of  gangrene  are  said  to  be  constitutional  which  arise  from  obstruc- 
tion of  the  circulation  in  consequence  of  disease  of  the  heart  and  vessels. 
The  constitutional  state  also  frequently  forms  an  important  predisposing 
cause  of  gangrene  in  cases  in  which  the  immediate  cause  is  local.  Bright's 
disease  and  diabetes  are  amongst  the  most  frequent  conditions  which  act  in 
this  way.  Those  varieties  of  gangrene  are  local  which  arise  from  injuries  of 
all  kinds,  whether  applied  to  the  part  itself,  or  to  the  main  artery  leading  to 
it,  by  its  ligature  or  wound. 

The  forms  of  gangrene  which  arise  from  traumatic  causes,  have  been 
already  described  in  previous  chapters  (see  pp.  329,  398) ;  while  those  that 
are  due  to  obstructed  circulation  to  or  tlu-ough  a  part,  or  that  take  the  form 
of  specific  disease,  are  left  for  consideration  here. 

Gangeene  from  Arrest  of  the  Supply  of  Arterial  Blood. — "Whenever 
a  part  of  the  body  is  deprived  of  its  proper  supply  of  blood,  mortification  may 
ensue.  Most  commonly  when  the  principal  trunk  of  an  artery  is  obstructed, 
the  collateral  circulation  is  sufficient  to  maintain  the  vitality  of  the  part ;  but, 
should  this  be  interfered  with,  gangrene  occurs  from  the  simple  deprivation  of ' 
blood.  Indeed,  the  sudden  loss  of  a  large  quantity  of  blood  from  the  system 
generally  may  occasion  the  death  of  some  of  the  extreme  parts  of  the  body,  in 
which  the  circulation  is  naturally  most  languid.  Thus  Sir  B.  Brodie  relates 
the  case  of  a  drunken  man,  who,  being  bled  to  an  inordinate  extent,  M'as  seized 
with  gangrene  of  both  feet. 

Obstruction  to  the  flow  of  blood  through  the  arteries  may  be  occasioned 
by  two  primary  sets  of  causes  : — a,  from  injury  or  ojwraiio?i,  as  wound  or 
ligature  of  the  main  trunk ;  b,  from  disease,  as  hj  thrombosis  or  by  embolism; 
by  calcification,  and  subsequent  occlusion  of  the  vessel.  Gangrene  from  arterial 
obstruction  varies  materially  in  its  symptoms,  prognosis,  and  treatment, 
according  as  it  arises  from  one  or  other  of  these  causes.    AVhen  the  obstruc- 
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tiou  in  the  arteries  is  very  complete,  the  gangrene  will  be  of  the  dry  kind  ; 
but  if  some  blood  still  finds  its  way  into  the  part,  and  if  there  is  at  the  same 
time  an  impediment  to  the  return  of  blood  through  the  veins,  the  disease  will 
partake  more  or  less  of  the  character  of  the  moist  variety. 

{a.)  A  limb  gangrenous  in  consequence  of  the  Ligature  or  Wound  of  its 
Main  Artery,  without  any  other  injury  to  the  vascular  system,  becomes  cold, 
feels  hea\^,  and  loses  its  sensibility ;  at  the  same  time  it  assumes  a  dull 
tallowy  white  colour,  mottled  with  greyish  or  brownish  streaks.  This  state  of 
thiugs  is  met  with  chiefly  in  the  lower  extremity.  In  a  short  time  the  paUid 
colour  is  lost,  the  part  becoming  brown  or  blackish  ;  the  integuments  of  the 
foot  become  semi-transparent  and  horny-looking  where  they  are  stretched 
over  the  tendons  of  the  instep,  and  the  part  presents  a  shrivelled  appearance. 
This  form  of  gangrene  may  invade  the  whole  of  the  lower  limb,  but  most 
commonly  is  limited  to  the  foot,  stopping  either  just  above  the  ankle,  or  if  not 
there,  immediately  below  the  knee,  as  Guthrie  has  observed ;  the  arrest  taking 
place  in  one  or  other  of  these  two  spots,  on  account  of  the  greater  freedom  of 
the  collateral  circulation  here  than  in  other  parts  of  the  limb.  If  any  of  the 
large  venous  trunks  become  obstructed  or  otherwise  implicated,  so  that  the 
return  of  blood  through  them  is  interfered  with  at  the  same  time  that  the 
supply  by  the  arteries  is  arrested,  the  limb  generally  assumes  a  greenish-blue 
colour,  and  rapidly  runs  into  putrefaction.  In  some  of  these  cases  it  happens 
that  sloughs  of  the  integument  and  subcutaneous  areolar  tissue  form,  although 
the  limb  generally  preserves  its  vitality.  The  treatment  of  these  forms  of 
gangrene,  which  are  strictly  local,  is  described  in  the  chapter  on  the  Arrest  of 
Arterial  Htemorrhage. 

(h.)  Gangrene  may  occur  from  the  arrest  of  the  circulation  through  an 
artery  as  the  result  of  disease  of  the  coats  of  the  vessel.  This  is  the  variety 
that  is  commonly  called  spontaneous. 

Spontaneous  gangrene  is  termed  Senile  when  it  occurs  in  old  people  in 
consequence  of  the  arteries  becoming  rigid  and  their  calibre  narrowed  by 
Atheroma  or  Calcification  of  their  Coats.  The  pathology  of  these 
affections  of  the  arteries  will  be  more  fully  discussed  in  the  chapter  on 
Diseases  of  the  Blood-vessels  in  Volume  II.  It  is  suflBcient  here  to  state  that 
these  changes  render  the  arteries  unable  to  maintain  the  proper  circulation 
of  blood  through  the  limb,  and  farther  from  the  roughening  of  the  inner 
coat  predispose  them  to  thrombosis,  that  is  to  say,  to  the  deposit  of  fibrin  by 
which  the  vessel  may  become  completely  obliterated.  The  want  of  a  due 
supply  of  arterial  blood  in  these  cases  is  owing  not  only  to  the  diseased  state 
of  the  arteries,  but  also  in  a  great  measure  to  the  weak  propulsive  power  of 
the  heart,  and  the  consequent  feebleness  of  the  circulation  especially  through 
the  lower  limbs.  When  the  cu'culation  is  so  far  interrupted  as  to  lower 
the  nutrition  of  the  limb,  the  following  premonitory  symptoms  are  observed. 
The  patient  complains  of  a  sensation  of  weight  in.  the  limb,  with  coldness, 
itching,  and  tinghiig  in  the  feet,  and  cramps  in  the  calves.  The  circulation 
of  the  part  is  habitually  defective,  the  pulsation  of  the  tibials  being  scarcely 
perceptible.  In  some  cases  cutaneous  ulcerations  ensue.  These  symptoms 
.commonly  exist  for  a  considerable  length  of  time  before  gangrene  actually 
comes  on,  and  should  always  be  looked  upon  Avith  anxiety  in  old  people. 
When  tlie  circulation  becomes  arrested  from  the  conjoined  influences  of 
diminished  cardiac  power  and  arterial  obstruction,  gangrene  inevitably  results. 
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It  is  met  with  iu  the  lower  extremities  of  people  past  the  middle  period  of  life, 
and  the  tendency  to  it  increases  as  age  advances. 

Senile  gangrene  may  set  in  in  dilferent  ways.  In  many  instances  it 
commences  withont  any  apparent  exciting  cause.  The  toes  and  foot  simply 
shrivel,  without  any  sign  of  local  inflammation  and  with  but 
little  constitutional  disturbance.  The  part  that  is  destroyed 
becomes  black,  dry,  and  shrunken,  resembling  in  appearance 
the  limb  of  a  mummy :  hence  the  change  is  often  termed 
Mummification  (Fig.  340).  The  toes  often  look  like  the 
shrivelled  skins  of  over-ripe  or  sucked-out  black  grapes.  This 
form  of  gangrene  is  usually  due  to  the  complete  occlusion  of 
a  previously  diseased  artery  by  thrombosis. 

In  other  cases  the  gangrene  is  the  immediate  result  of  som' 
slight  inflammation  accidentally  induced,  as  from  the  excoria- 
tion produced  by  a  tight  boot,  or  from  a  trivial  wound  in 
cutting  a  corn  or  toe-nail.  In  these  cases  the  slight  injury, 
which  in  healthy  tissues  would  be  harmless,  causes  the  for- 
mation of  a  small  slough.  This  decomposes,  and  the  products 
of  putrefaction  acting  on  the  surrounding  tissues,  give  rise  to 
a  spreading  inflammation,  which,  owing  to  the  greatly  di- 
minished vitality  of  the  part,  terminates  in  gangrene,  and  the 
process  thus  started  may  spread  until  it  reaches  tissues  of 
sufiicieut  vitality  to  resist  its  progress.  In  other  instances, 
again,  the  disease  is  ushered  in  by  more  acute  symptoms. 
The  whole  foot  becomes  swollen,  oedematous,  and  red;  in- 
flammation, apparently  of  a  gouty  character,  being  set  up  iu 
it.  The  gangrene  may  at  first  affect  only  one 
toe,  or  it  may  from  the  commencement  involve 
several  toes.  It  generally  begins  as  a  purple 
or  blackish-red  spot  on  the  side  of  one  of  the 
toes,  usually  the  inner  side  of  the  great  toe  ; 
this  spot  may  be  surrounded  by  an  inflamed 
areola,  and  accompanied  by  much  smarting  and 
burning  pain  of  a  paroxysmal  character  ;  it 
spreads  by  gradually  involving  the  inflamed 
areola,  which  continues  to  extend  in  propor- 
tion as  the  gangrene  progresses.  The  pain, 
which  is  often  of  the  most  intense  character, 
subsides  when  the  gangrene  becomes  complete. 
In  whichever  way  the  gangrene  commences 
the  affection  gradually  extends,  invading  perhaps  one  toe 
after  another,  involving  the  instep  (Fig.  3-4(i),  or  the  sole 
of  the  foot  and  the  heel ;  and  unless  it  terminate  by  the  for- 
mation of  the  line  of  demarcation,  or  death  put  an  end  to 
the  patient's  sufferings,  it  may  extend  up  to  the  ankle  or  leg.  In  other  in- 
stances, the  gangrene  being  limited  to  a  small  extent,  as  to  the  toes  only,  the 
patient  may  recover  with  the  loss  of  the  fore  part  of  the  foot. 

The  constitutional  symptoms  vary  with  the  mode  of  invasion.  In  the 
inflammatory  form  there  is  usually  considerable  constitutional  disturbance 
with  some  fc\-cr  at  first,  subsequently  sinking  into  marked  depression  with 
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subnormal  temperature  as  the  patient  becomes  poisoned  by  absorption  of  the 
products  of  patrefhction  ;  and  the  disease  may  thus  often  prove  fatal  in  from 
a  mouth  to  six  weeks.  On  the  other  hand,  in  the  dry  form  of  gangrene,  I 
have  known  the  disease  to  continue  with  very  little  constitutional  disturbance 
for  more  than  twelve  months,  slowly  creeping  on  during  that  time.  In  all 
Ibrms  of  spontaneous  gangrene  there  is  a  marked  improvement  in  the  constitu- 
tional state  as  soon  as  a  distinct  line  of  demarcation  forms  between  the  dead' 
and  Hving  tissues. 

The  thin  skin  on  the  anterior  part  of  the  leg  at  its  middle  and  lower  third 
is  apt  to  fall  into  a  state  of  gangrene  in  old  people  as  the  result  of  very  slight 
injuries,  and  occasionally  without  any  obvious  external  cause.  In  these  cases 
a  bleb  forms  which  on.  breaking  leaves  a  slough  w^hich  gradually  dries,  becomes 
black  and  extends  as  the  neighbouring  parts  are  killed  by  a  process  of  painful 
inflammation. 

Diabetes  in  old  people  is  a  fertile  cause  of  spontaneous  gangrene  of  the  toes 
and  feet.  In  diabetes-gangrene  the  disease  usually  begins  \nt\\  a  large  bleb 
which  forms  on  the  under  surface  of  the  foot  or  at  the  end  of  one  of  the  toes. 
This  bleb  contains  fluid  which  speedily  becomes  turbid,  and  is  surrounded  by 
a  dusky  purple  areola.  From  this  the  disease  slowly  spreads,  and,  unless  the 
diabetes  can  be  checked,  may  largely  invade  and  destroy  the  foot.  Should 
degeneration  of  the  arterial  tissues  have  taken  place  in  these  diabetic  cases, 
senile  gangrene  of  the  most  intractable  character  will  ensue. 

Thrombosis  of  an  artery  (Fig.  345)  occurs  only  as  a  consequence  of  pre- 
vious disease  of  its  inner  coat,  so,  although  it  is  frequently  the  immediate  cause 
of  gangrene,  by  obstructing  an  atheromatous  or  otherwise  diseased  vessel,  it 
is  never  the  primary  cause  of  the  disease. 

Embolism  is  more  frequent  as  an  immediate  cause  of  gangrene.  An 
embolus  is  a  sohd  body,  w^hich,  having  entered  the  circulation,  is  carried 
onwards  by  the  blood-stream  until  it  lodges  in  some  vessel  which  is  too  narrow 
to  allow  it  to  pass.  Emboli,  if  of  any  size,  almost  invariably  lodge  at  the  point  at 
which  a  main  trunk  bifurcates  or  gives  off  a  large  branch.  If  very  small  they 
may  pass  on  into  the  capillaries,  causing  capillary  embolism.  When  an 
embolus  has  lodged  in  an  artery,  a  clot  forms  upon  it,  reaching  as  high  as  the 
first  branch  above  the  point  of  obstruction.  Fibrin  which  has  been  dej^osited 
upon  a  diseased  part  of  a  large  vessel,  or  in  a  fusiform  aneurism,  and  vegeta- 
tions from  the  valves  of  the  left  side  of  the  heart,  form  the  most  common  sources 
of  embolism  in  the  systemic  arteries ;  but  occasionally  a  fragment  of  a  tumour 
which  has  penetrated  the  coats  of  a  large  artery  may  be  washed  away  into  the 
l^lood-stream  and  form  an  embolus. 

^  Gangrene  from  embolism  is  most  common  in  the  lower  limb,  and  the 
Ijifurcation  of  the  popliteal  artery  is  the  usual  place  at  which  the  embolus 
lodges.  ^  If  it  be  so  small  as  to  pass  into  one  of  the  tibials,  the  circulation  is 
maintained  by  the  unobstructed  artery,  and  gangrene  does  not  occur.  Gan- 
grene from  embolism  is,  however,  also  met  with  in  the  upper  limb.  In  these 
eases  the  gangrene  develops  suddenly,  the  Avhole  of  the  parts  deprived  of 
blood  perishing  simultaneously,  there  being  no  tendency  for  the  mischief  to 
spread  ;  pulsation  ceases  in  the  terminal  branches  of  the  obstructed  artery, 
and  intense  superficial  pain  is  felt  in  the  limb,  ceasing  after  about  a  week. 
The  limb  is  at  first  pale,  but  soon  undergoes  the  characteristic  changes  in 
colour,  when  decomposition  commences.    The  gangrene  is  always  of  the  dry 
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variety.  In  the  leg,  as  Billroth  points  out,  the  foot  soon  becomes  mummified, 
while  near  the  line  of  demarcation  the  parts  remain  more  moist.  The  line  of 
demai'cation  forms  in  these  cases  immediately  below  the  loiee.  Gangrene 
from  embolism  may  prove  fatal  from  septic  poisoning  before  any  attempt  can 
be  made  by  nature  to  separate  the  mortified  part.  After  death,  the  affected 
vessel  is  found  firmly  plugged  by  the  embolus,  above  which  is  a  dense  coagulmn 
reaching  as  high  as  the  next  branch. 

The  accompanying  drawing  (Fig.  347)  represents  the  bifurcation  of  the 
common  femoral  artery  occupied  by  a  fibrinous  plug,  taken  from  a  man  aged 
32,  who  died  of  gangrene  of  the  left  leg.    In  this  case  the 
patient,  after  recovering  from  rheumatic  endocarditis,  whilst 
straining  at  stool,  suddenly  felt  his  left  leg  tingle  painfuUy,  then 
become  numb  and  cold.    The  circulation  in  it  ceased,  and 
gangrene  speedily  supervened,  which  extended  as  high  as  the 
knee.    Death  followed  amputation  of  the  limb.    Here  there 
can  be  little  doubt  that  the  sudden  supervention  of  gangi-ene 
was  the  result  of  obstruction  to  the  arterial  circulation  of  the 
lower  extremity,  consequent  ou  the  detachment  of  a  vegetation 
fi'om  the  valves  of  the  heart,  and  its  arrest  at  the  bifurcation 
of  the  femoral  artery, 
^'tioif  oTFenwrai     •'"^  addition  to  the  varieties  of  spontaneous  gangrene  just 
Artery  at  its  Bi-  described,  somc  other  rarer  forms  are  occasionally  met -vA-ith. 

furcation  by  an  .  . 

Embolus  and  as-  Vou  Wmiwarter  has  described  a  peculiar  fonn  of  overgrowth  of 

bosis.  ^ 

the  endothelial  cells  of  the  inner  coat  of  both  arteries  and  veins 
(endarteritis  and  endophlebitis  proliferans)  by  which  their 
lumen  becomes  obhterated.  Thrombi  are  formed  in  the  affected  vessels,  and 
these  become  organized  and  penetrated  by  new  vessels,  as  in  the  closure  of  a 
ligatured  artery.  This  affection  is  said  to  be  caused  by  syphilis  and  alcoholism, 
and  occurs  usually  at  an  earlier  age  than  ordinary  senile  gangrene.  According 
to  Billroth  the  signs  of  imperfect  blood-supply  may  be  present  for  some  years 
before  gangrene  takes  place.  When  gangrene  does  set  in  it  is  usually  of  the 
moist  variety. 

Eaynaud  has  described  a  rare  form  of  spontaneous  gangrene  which  attacks 
the  fingers,  and  sometimes  the  toes,  symmetrically.  The  premouitoiy  symptoms 
are  that  the  fingers  readily  become  "  dead,"  often  from  very  slight  exposure  to 
cold,  and  are  slow  in  recovering.  In  the  more  advanced  conditions  the  fingers 
become  of  a  livid  colour,  cold  and  insensitive,  but  intensely  painful,  a  con- 
dition described  by  Raynaud  under  the  name  of  "  local  asphy.xia."  This 
may  pass  off  after  a  few  hours,  and  the  circulation  may  be  restored,  or  a  bleli 
may  form  at  the  end  of  one  or  more  of  the  fingers,  beneath  which  a  slough  is 
found  when  the  cuticle  is  removed,  or  in  extreme  cases  the  whole  ungual 
phalanx  may  become  mummified.  The  corresponding  fingers  of  the  opposite 
hand  may  be  affected  simultaneously  or  at  a  later  period.  The  aifection  is 
most  common  in  women  between  18  and  30.  It  resembles  severe  chilblains 
in  some  respects,  but  differs  in  the  intensity  of  the  pain,  the  character  of  the 
gangrene,  and  the  age  of  the  patient.  It  is  supposed  to  be  due  to  vaso-motor 
disturbance  consequent  upon  central  mischief  situated  in  the  cord  ;  but  its 
pathology  is  uncertain. 

Gangrene  from  Venous  Obstruction. — 0])struction  to  the  veins  by 
pressm-e  or  thi'ombosis  is  scarcely  ever  the  sole  cause  of  gangrene  ;  but  if  at 
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the  same  time  the  main  artery  is  occluded,  as  when  it  and  the  vein  are  com- 
pressed together,  or  when  the  femoral  yein  is  wounded  accidentally  at  the  time 
when  the  artery  is  ligatured,  mortification  is  especially  apt  to  take  place. 
Gangrene  from  this  cause  is  always  of  the  moist  kind,  attended  by  much 
oedema,  with  discoloration  and  rapid  putrefaction  of  the  part. 

Gangrene  from  arrest  of  the  Circulation  by  Strangulation. — 
part  is  often  purposely  strangled  by  a  Surgeon  in  operative  procedures ;  or 
its  circulation  may  in  this  way  be  arrested  as  the  result  of  certain  accidents 
or  diseased  conditions.  (See  p.  305).  In  either  case,  the  strangulation  acts 
by  stopping  more  or  less  completely  the  whole  of  the  circulation  through  the 
part.  If  the  strangulation  be  sufficiently  severe,  it  may  kill  the  tissues  out- 
right :  for  instance,  when  a  nasvus  or  a  pile  is  tied,  all  flow  of  blood  to  or 
from  the  part  is  suddenly  arrested,  and  its  vitality  is  destroyed,  the  tissues 
that  have  been  strangled  shrivelling  and  separating  by  ulceration  along  the 
line  of  ligature.  When  the  strangulation  is  not  so  severe  as  this,  great  con- 
gestion ensues,  consequent  on  the  amount  of  blood  sent  into  the  part  being 
greater  than  can  escape  by  the  veins,  which  are  more  aifected  by  the  con- 
stricting force  than  the  arteries  ;  the  part  strangled  becomes  dark  and  con- 
gested, and  eifusion  takes  place  into  its  tissue.  If  it  be  a  superficial  part, 
blebs  arise  on  the  skin.  As  the  part  swells  the  compression  of  the  vessels 
becomes  more  powei-ful,  till  finally  the  flow  through  the  arteries  is  arrested  as 
well  as  that  through  the  veins  ;  the  circulation  is  completely  stopped,  and 
thus  sloughing  arises.  All  this  we  find  in  the  constricted  gut  in  a  strangu- 
lated hernia. 

Gangrene  as  a  termination  of  Inflammation. — It  has  already  been 
pointed  out  (see  the  chapter  on  Inflammation)  that  all  the  causes  of  inflam- 
mation are  agents  which  tend  to  lower  the  vitality  of  the  parts  upon  which 
they  act,  and  that,  if  acting  with  suflicient  intensity,  they  bring  the  process  of 
inflammation  to  an  end  by  killing  the  tissues  upon  which  they  are  exerting 
their  influence.    The  efi^ect  produced  by  an  irritant  is  dependent :  flrst,  on  the 
intensity  of  the  irritant  itself  ;  secondly,  in  many  cases  on  the  duration  of  its 
action  ;  and  thirdly,  on  the  power  of  resistance,  or,  in  other  words,  on  the 
vitality  of  the  tissues  upon  which  it  is  acting.    Thus,  to  take  an  example,  a 
mustard  plaster  if  applied  for  a  short  time  on  a  healthy  part  causes  simple 
inflammation  without  destruction  of  tissue  ;  if  it  be  of  sufficient  strength  and 
be  kept  on  a  longer  time,  it  will  cause  death  of  the  skin  upon  which  it  is 
acting.    Supposing  it,  however,  to  be  applied  to  the  skin  of  a  part,  the  vitality 
of  which  is  lowered  either  by  constitutional  causes  of  mal-nutrition,  such  as 
diabetes  or  Bright's  disease,  or  from  local  interference  with  nutrition,  or 
from  degeneration  of  the  arteries,  sloughing  may  result.    In  the  chapter  on 
Inflammation  it  was  pointed  out  also  that  an  irritant  of  sufficient  intensity 
causes  aiTest  of  the  circulation,  by  stasis,  in  the  vessels  of  the  part  upon  which 
it  acts,  and  that  this  condition,  unless  relieved,  must  terminate  in  gangxene. 
Lastly,  all  acute  inflammations  are  attended  by  migration  of  leucocytes, 
with  abundant  coagulable  exudation,  which  distends  the  lymph-spaces, 
and  presses  on  the  vessels  of  the  inflamed  part,  thus  still  further  impeding 
the  circulation  through  it.    In  gangrene  as  a  termination  of  inflammation 
there  are  thus  three  causes  involved :  first,  the  direct  injury  done  to  the 
tissues,  including  the  walls  of  the  vessels,  by  the  ii-ritant  which  causes 
the  process  ;  secondly,  obstruction  to  the  circulation  fi.-om  within  by  stasis ; 
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aud  thirdly,  obstruction  from  without  by  the  pressure  of  the  inflammatory 
exudation. 

The  relative  part  taken  by  these  different  causes  varies  iu  difl'erent  forms  of 
gangrenous  inflammation.  In  some  the  irritant  that  causes  the  process  is  so 
powerful  in  its  action,  or  as  it  is  more  commonly  expressed  in  clinical  lan- 
guage, the  intensity  of  the  inflammation  is  so  gi-eat  as  to  kill  the  part  almost 
directly,  however  healthy  its  texture  or  sound  the  constitution  of  tlie  patient 
may  be.  More  commonly,  however,  it  is  not  so  much  the  actual  as  the  relative 
intensity  of  the  inflammation  that  destroys  the  part :  there  being  some  debility, 
local  or  constitutional,  by  which  the  resisting  power  is  lessened.  Thus 
gangrene  arises  especially  in  persons  whose  tissues  have  become  degenerate 
in  consequence  of  old  age,  of  defective  food  or  other  materials  of  life,  or 
through  habitual  intemperance.  It  is  remarkable  to  observe  what  slight 
injuries  will  induce  gangrenous  inflammation  under  these  circumstances.  The 
natm-e  of  the  tissue  also  exercises  considerable  influence ;  thus  areolar  tissue 
and  fasciffi  slough  more  readily  than  the  skin  or  muscles,  and  the  proper  tissue 
of  glands  is  seldom  so  affected.  As  a  rule,  the  least  vascular  tissues  slough 
most  readily.  The  pressure  of  the  exudation  exerts  a  marked  influence  in 
many  forms  of  spreading  gangrenous  inflammation  of  the  areolar  tissue. 
Thus  in  phlegmonous  erysipelas  free  incisions  may  avert  the  danger  of 
sloughing  of  the  skin  and  subcutaneous  tissue  by  reheving  tension  and  allow- 
ing a  ready  exit  for  the  inflammatory  exudation. 

Gangrene  may  form  the  termination  of  inflammation,  arising  from  simple 
mechanical,  physical,  or  chemical  ii-ritants.  It  is  then  localized,  and  has 
little  tendency  to  spread  beyond  the  area  directly  injured.  It  is  much  more 
frequently  met  with  as  a  characteristic  feature  of  certain  forms  of  infective 
inflammation,  as  in  phlegmonous  erysipelas,  sloughing  phagedjena,  hospital 
gangrene,  spreading  gangrene,  cancrum  oris,  or  malignant  pustule.  The 
special  features  of  infective  inflammations  have  been  already  pointed  out 
(p.  178  et  seq.).  In  the  gangrenous  forms  of  infective  inflammation,  death  of 
the  tissues  may  be  due  directly  to  the  intensity  of  the  virus,  as  in  hospital 
gangrene,  in  which  the  parts  are  destroyed  as  if  by  the  action  of  a  powerful 
caustic ;  or  to  the  disturbance  of  the  circulation  by  the  extent  and  abundance 
of  the  exudation,  as  in  phlegmonous  erysipelas,  in  which,  if  free  vent  be  pro- 
vided and  tension  relieved  by  incision,  the  death  of  the  tissue  may  be  pre- 
vented. Some  forms  of  gangrenous  inflammation  are  intensely  contagious,  as 
hospital  gangrene ;  others,  as  malignant  pustule,  are  communicable  solely  by 
inoculation  ;  and  others  again  as  cancrum  oris,  although  having  the  characters 
of  an  infective  inflammation,  are  not  capable  of  being  carried  from  one 
patient  to  another. 

Gangrene  consequent  on  inflammation  is  of  the  moist  or  acute  kind,  being 
always  connected  with  a  retention  of  blood  in  the  part  affected.  "We  may 
regard  it  as  impending  in  a  part  that  has  become  inflamed  from  injury  or  other 
cause,  if  we  find  that  the  redness  becomes  of  a  dusky  or  purplish  hue ;  that 
bullae  filled  Avith  dark  fluid  rise  upon  the  surface  ;  that  the  swelling,  at  first 
hard,  tense,  and  brawny,  becomes  of  a  pulpy  or  doughy  character ;  that  the 
pain  is  of  a  dull,  heavy,  or  burning  kind  ;  and  that  the  temperature  of  the 
p.art,  at  first  greatly  increased,  gradually  sinks.  We  know  that  gangrene  has 
taken  place  when  there  is  a  total  loss  of  the  sensibility  of  the  part,  even  to 
pricking  or  pinching;  that  the  motion  of  the  part  itself  ceases;  that  its 
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colour  changes  to  a  peculiar  mottled,  purplisli-red,  or  greenish-black  hue, 
unlike  anything  else  in  the  body  ;  and  that  the  temperature  falls  to  a  level 
with  that  of  the  surrounding  air.  There  is  likewise  an  extremely  offensive 
odour  evolved,  dilferiug  from  that  of  ordinary  post  mortem  decomposition. 

The  Constitutional  Symptoms  are  always  those  of  fever,  with  marked  depres- 
sion, often  assuming  the  character  of  septic  poisoning. 

Arrest  of  Gangrene. — Certain  forms  of  gangrene  consequent  upon  in- 
fective inflammatory  processes  have  a  tendency  to  extend  indefinitely  until  the 
patient  succumbs  to  the  disease.  In  all  forms  of  spontaneous  gangrene,  and  in 
that  due  to  direct  injury  to  the  tissues,  the  progress  of  the  mortification  is  in 
most  cases  arrested,  and  the  dead  parts  are  separated  from  the  living.  When 
the  gangrene  reaches  a  part  of  which  the  vitality  is  too  great  to  be  destroyed 
by  the  operation  of  the  causes  which  have  produced  death  in  the  tissues 
beyond,  a  line  of  demarcation  is  formed.  The  process  by  which  the  sepa- 
ration of  the  dead  from  the  living  tissues  is  accomplished  has  been  fully 
described  in  the  chapter  on  Ulceration  (see  p.  260).  The  dead  parts  are  not 
thrown  olf  merely  by  disintegration, 
but  by  a  vital  process,  that  of  ulcera- 
tion, occurring  in  the  living  tissues. 
The  line  of  ulceration  is  termed  the 
line  of  separation,  and  extends  along 
the  extreme  margin  of  the  living  tis- 
sues (Fig.  348). 

This  process  of  separation,  com- 
mencing at  the  edge  of  the  slough, 

slowly  extends  downwards  to  the  whole        ^'S-  S-tS.-Senile  Gangrene  of  Foot :  Line  of 

Separation. 

depth  of  the  gangrene ;  if  this  affect 

the  entire  thickness  of  the  limb,  the  ulceration  will  find  its  way  completely 
across  it.  If  the  slough  be  more  superficial,  the  ulceration  extends  beneath  it, 
and  detaches  it  gradually.  The  line  of  separation  is  usually  oblique,  the  soft 
parts  being  first  divided,  and  the  hard  tissues  then  ulcerated  through,  until 
the  ligamentous  or  osseous  structures,  which  are  slowly  acted  upon,  are 
severed.  As  the  ulceration  extends  across  the  limb,  the  largest  arteries  and 
veins  are  cut  through  by  it,  without  the  occurrence  of  heemorrhage,  owing  to 
their  being  safely  occluded  by  thrombosis,  blocking  them  from  the  line  of 
separation  to  the  nearest  large  collateral  branch  above  it.  The  period  required 
for  the  detachment  of  gangrenous  parts  varies  according  to  their  extent. 
Small  sloughs  may  be  detached  in  a  few  days,  whilst  many  weeks  are  required 
for  the  separation  of  a  limb.  The  action  is  most  rapid  in  soft  vascular  tissues 
and  in  young  subjects.  After  the  separation  of  the  gangrenous  part,  a  more 
or  less  irregular  ulcerated  surface  is  left,  which,  if  not  too  extensive,  and  if 
the  patient's  reparative  powers  are  in  a  favourable  state,  will  cicatrize  by  the 
same  process  as  ordinary  ulcers. 

Diagnosis. — The  diagnosis  is  readily  made  when  gangrene  is  fully  deve- 
loped ;  but  in  the  early  stages,  before  it  is  positively  declared,  it  is  not 
always  easy  to  determine  its  existence.  The  ecchymosis  and  discoloration  of 
a  bruise,  the  collapse  and  lividity  that  result  from  cold,  or  the  dark  purple  hue 
occasioned  by  long-continued  congestion,  may  readily  be  confounded  with  im- 
pending gangrene.  In  these  cases  of  doubt,  the  Surgeon  should  not  be  in  too 
great  a  hurry  to  pronounce  an  unfavourable  opinion,  and  still  less  to  act  upon 
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it ;  for  not  imcoramonly  parts  of  the  body  which  have  to  aU  appearance  lost 
their  vitahty,  may,  under  proper  treatment,  regain  it.  • 

Prornosis. — The  prognosis  as  to  the  part  itself  is  always  bad  ;  though 
occasionally,  when  gangrene  has  not  been  fully  established,  partial  recovery 
may  unexpectedly  take  place.  So  far  as  the  life  of  the  patient  is  concerned, 
much  will  depend  on  the  cause  of  the  affection,  and  on  the  age  and  strength 
of  the  individual ;  at  advanced  periods  of  life,  and  in  a  feeble  state  of 
system,  the  result  is  always  unfavourable.  Also  whilst  the  gangrene  is 
spreading,  the  prognosis  is  bad,  as  it  is  impossible  to  say  where  the  morbid 
process  may  stop  ;  but  when  a  "  hue  of  demarcation  "  has  formed,  indicating 
the  possession  of  a  certain  vigour  of  constitution,  the  principal  danger  is 
over,  and  the  result  will  depend  on  the  strength  of  the  patient,  and  the 
support  that  can  be  given  during  the  processes  of  separation  and  of  repair. 

Treatment. — As  gangrene  proceeds  from  a  great  variety  of  causes,  it  is 
evident  that  no  one  plan  of  treatment  can  be  universally  applied  ;  and  it 
becomes  necessary  to  modify  our  therapeutical  and  operative  means,  not  only 
according  to  the  cause  of  the  disease,  but  also  with  reference  to  the  constitu- 
tion of  the  patient,  and  to  the  stage  in  which  we  meet  with  the  gangrene  ; 
and,  indeed,  it  often  requires  great  tact  and  experience  to  accommodate  the 
treatment  in  this  way  to  the  varying  phases  of  the  disease. 

The  Constitutional  Treatment  of  gangrene  is  of  the  highest  importance, 
more  especially  in  the  spontaneous  forms  of  the  aflFection.  It  has  three  prin- 
cipal aims  :  1 .  To  remove  the  cause  if  possible,  and  thus  to  arrest  the  ganyrem. 
2.  To  support  the  powers  of  the  system  during  the  process  of  tlie  separation 
of  the  sloughs  and  dead  tissues ;  and  3.  To  lesse7i  the  irritahility  of  the  nervous 
system. 

1.'  In  attempting  to  remove  the  constitutional  cause  we  must  bear  in  mind 
that  constitutional  conditions  most  commonly  act  only  as  predisposing  causes 
of  gangrene,  the  death  of  the  part  being  determined  by  some  local  affection. 
The  constitutional  conditions  which  predispose  to  gangrene,  such  as  want  of 
food,  diabetes,  Bright's  disease,  fevers,  feebleness  of  the  heart's  action,  or 
general  arterial  degeneration,  are  all  associated  with  debility.  Depressiiii: 
remedies  must  therefore  be  avoided  even  in  the  inflammatory  forms  of  the 
affection. 

Inflammatory  fever,  however  high  it  may  be  in  the  early  stages,  rapidly 
gives  way,  after  gangrene  has  set  in,  to  symptoms  of  an  asthenic  tyije.  It  is 
only  before  the  occurrence  and  during  the  spread  of  gangrene,  that  the  use  of 
lowering  remedies  could  possibly  be  suggested  ;  for,  when  once  gangrene  has 
ceased  to  extend,  however  high  the  fever  may  have  been  that  accompanied 
its  progress,  all  the  powers  of  the  constitution  will  be  required  to  maintain  the 
process  of  separation  of  the  sloughs,  if  they  be  extensive  and  deep.  Venesec- 
tion is  never  required  in  any  form  of  gangrenous  inflammation.  In  the  forms 
of  gangi'ene  consequent  upon  specific  infective  inflammation,  however  acute 
the  symptoms  may  be,  depletion  is  never  necessary.  It  would  only  render 
the  tissues  less  able  to  withstand  the  effects  of  the  specific  irritant  which  is 
causing  the  process.  In  all  inflammatory  forms  of  gangi-ene  the  diet  should 
at  first  be  light  but  nutritious  ;  and  the  patient  should  be  put  to  bed,  with 
the  affected  part  elevated,  and  in  many  cases  a  brisk  purgative  at  the  com- 
mencement of  the  treatment  enables  him  to  take  his  food  better.  As  the 
disease  advances  mild  tonics  may  be  given,  and  in  the  later  jicriods,  when  the 
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constitnfcioual  symptoms  become  asthenic,  stimulants  should  be  administered. 
The  best  stimulants  are  wine  or  porter,  according  to  the  patient's  habits  of 
life  ;  and  these  should  be  given  in  combination  with  nourishment,  so  as  not 
merely  to  raise  the  pulse,  but  to  produce  a  more  permanent  tonic  influence  on 
the  system  generally.  If  much  depression  occur,  the  medicinal  stimulants, 
■specially  ether,  ammonia,  and  camphor,  are  of  material  service.  The  only 
Lonics  that  are  of  much  A'alue  here,  are  the  preparations  of  cinchona  bark 
and  some  of  the  vegetable  bitters,  as  gentian  and  cascarilla  ;  and  though 
the  specific  virtues  that  were  formerly  attributed  to  them  can  no  longer  be 
accorded,  yet  when  they  do  not  irritate  the  stomach,  they  are  of  unquestionable 
service  in  combating  the  asthenic  symptoms,  and  improving  the  digestive 
powers.  In  these  cases  I  look  upon  cinchona  bark,  in  combination  with 
chlorate  of  potash  and  ammonia,  as  of  undoubted  value. 
As  a  great  part  of  the  constitutional  disturbance  in  most  cases  is  due 

0  the  absorption  of  the  products  of  putrefaction  from  the  dead  tissues, 
[Uich  can  be  done  to  relieve  the  symptoms  by  the  efficient  local  use  of 

1  ntiseptics. 

2.  After  the  proper  employment  of  means  calculated  to  remove  the  consti- 
iitional  cause  of  the  gangrene,  the  system  must  be  supported  against  the  dedili- 
(t'ing  mfluetzces  that  accompamj  the  process  of  ulceration  and  of  suppuration 
lecessary  for  the  separation  of  the  mortified  parts.    During  this  period,  there 
IS  less  fever  but  more  debility,  and  stronger  tonics  and  stimulants  can  be 
borne  ;  but  we  should  be  careful  not  to  overstimulate  the  patient.    On  this 
,  'oint  it  is  extremely  diflicult  to  lay  down  any  precise  rule  ;  every  possible 
•ariety  as  to  the  quantity  and  quality  of  food  and  stimulant  being  required  by 
lifferent  individuals.    The  safest  guides  are  the  state  of  the  pulse  and  tongue ; 
F  they  improve,  the  means  employed  agree.    At  the  same  time  hygienic 
measures  should  be  carefully  attended  to  ;  cleanliness  and  free  ventilation 
vith  the  abundant  use  of  disinfectants,  are  of  the  first  moment. 

3.  The  third  indication,  that  of  lessening  the  irritaiilitg  of  the  system  that 
ilways  supervenes,  and  which  is  partly  owing  to  the  severity  of  the  pain,  and 
])artly  to  the  shaken  and  depressed  state  of  the  nervous  system,  is  best  carried 
iut  by  the  administration  of  opium  ;  and  although  this  drug  may  not  act  as  a 
^jecific,  as  Pott  supposed,  yet  in  many  cases,  and  especially  in  the  gangrene 
•f  the  toes  and  feet  of  old  people,  it  is  undoubtedly  a  remedy  of  the  greatest 
value.  A  grain  of  solid  opium  may  advantageously  be  administered  every 
ixth,  eighth,  or  twelfth  hour,  according  to  the  effect  which  it  is  found  to 

i  iroduce  ;  care  being  taken  that  the  bowels  do  not  become  confined.  The 
hiccup,  which  is  often  distressing,  is  best  remedied  by  the  administration  of 
-[)irits  of  chloroform  and  camphor.  The  effect  of  opium  in  diabetic  gangrene 
is  often  most  striking.  It  must  be  given  in  the  largest  amount  the  patient 
can  bear,  and  in  most  cases  as  soon  as  the  patient  is  fully  under  its  influence, 
the  progress  of  the  disease  ceases. 

Local  Treatment. — Gangrene,  when  threatening  as  the  result  of  inflam- 
mation, may  often  be  prevented  by  free  incisions  into  the  inflamed  and  tense 
tissues.  Punctures  are  not  sufficient,  but  free  incisions  two  or  three  inches 
long,  should  be  made,  which  by  gaping  widely  allow  the  escape  of  blood  and 
other  fluids,  and  thus  effectually  relieve  the  vessels  and  the  tissues.  This  is 
more  especially  the  case  where  there  is  much  loose  areolar  tissue,  as  in  the 
penis  or  scrotum ;  or  indeed  in  any  part  in  which  much  tension  results  from 
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the  inflammatiou.  The  relief  of  local  tension  is  of  the  first  importance  iu  cases 
of  inflammation  threatening  to  terminate  in  gangrene.  By  a  free  incision 
through  the  structures  so  affected,  as  in  phlegmonous  erysipelas,  not  only  may 
the  vitality  of  the  affected  tissues  be  preserved,  but  the  extension  of  gangrene 
if  it  have  already  set  in,  may  be  arrested,  and  the  constitutional  disturbance 
at  once  lessened.  By  incision,  also,  irritating  effusions  and  infiltrations  are 
discharged,  and  thus  one  cause  of  sloughing  is  removed. 

In  the  non-inflammatory  foim  of  the  disease,  as  soon  as  it  is  evident  that  a 
part  is  about  to  become  gangrenous  it  should  be  carefully  washed  mth  warm 
carbohc  acid  lotion  (1  in  40).    This  solution  is  not  of  sufiicient  strength  to 
cause  any  irritation  of  the  unbroken  skin.    Having  thus  rendered  the  surface  j 
as  far  as  possible  aseptic,  the  whole  limb  should  be  thickly  wrapped  in 
sahcylic  wool,  or  it  may  be  sprinkled  with  iodoform  and  afterwards  covered 
with  iodoform-wool.    By  this  treatment  offensive  decomposition  may  often 
be  prevented.    Carbohc  acid  di-essings  should  not  be  applied,  as  they  are  too 
irritating  and  might  cause  extension,  of  the  mischief.    The  dressing  should  : 
not  be  disturbed  unless  the  smell  indicates  that  decomposition  is  taking  place 
beneath  it.    At  a  later  stage  the  same  treatment  may  be  continued,  or  the 
parts  that  are  already  gangi-enous  may  be  enveloped  in  lint  soaked  in  warm  , 
solutions  of  carbolic  acid,  boracic  acid,  chloride  of  zinc,  or  creasote,  or  they 
may  be  dusted  with  charcoal  powder  aud  covered  with  a  layer  of  wadding.  No  I 
poultices  should  be  applied  if  the  sloughs  be  large,  for  heat  and  moistm-e  1; 
hasten  decomposition.    The  separation  of  tJie  sloughs  should  be  left  as  much  as 
possible  to  natm-e.    The  vitality  of  the  tissues  in  the  proximity  of  and  above 
the  hue  of  separation  is  very  low,  and  may  readily  be  destroyed  by  any  opera-  ! 
tive  interference.    Hence  no  attempt  should  be  made  to  remove  sloughs  not  I 
already  separated,  nor  should  stimulants  be  applied  to  the  living  tissues.    It  t 
matters  little  what  is  done  to  parts  already  dead,  which,  when  loosened, 
may  be  cut  away ;  but  we  must  not  meddle  with  those  that  are  living. 
Hemorrhage  seldom  occurs  before  the  separation  of  the  sloughs,  but  there  is  •. 
always  danger  of  its  happening  during  that  process.    If  it  occur,  pressure  or  j 
the  actual  cautery  will  be  found  the  best  means  to  aiTcst  it ;  and,  if  these  fail,  j ; 
hgature  of  the  artery  higher  up  the  limb,  or  amputation  when  practicable,  li 
might  be  required.  K 

Parts  that  are  quite  dead,  but  that  do  not  readily  separate,  such  as  tendons,  |v 
ligaments,  and  bones,  may  be  cut  through  with  scissors,  pliers,  or  saws,  and 
thus  many  weeks  or  months  saved  in  their  separation.    It  may  occasionally 
be  necessaiy  in  doing  this  to  encroach  on  the  living  tissues ;  this  should  be 
done  as  carefully  and  as  sparingly  as  possible,  for  reasons  already  stated. 

The  line  of  separation  should  be  dressed  with  some  mUd  antiseptic  lotion  or 
ointment,  in  order  to  keep  the  surface  clean  and  to  prevent  the  absorption  of 
septic  discharges.  If  sloughs  do  not  readily  separate,  the  balsam  of  Peru 
either  pure  or  diluted  with  yolk  of  egg,  or  very  dilute  nitric  acid  and  opiate 
lotions,  are  useful  applications.  After  the  separation  of  the  sloughs,  the 
ulcerated  surface  must  be  treated  on  general  principles. 

The  Teeat.^ient  op  Senile  Gangrene,  presenting  some  pecuharities, 
requires  a  few  words  to  be  specially  devoted  to  it. 

Constitutional  Treatment. — In  the  treatment  of  senile  gangi-enc,  al- 
though depletory  measures  are  never  admissible,  wc  must  guard  again.st  i 
running  into  the  opposite  extreme,  and  over-stimulating  the  patient.    Senile  ^ 
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;  gangrene  commonly  occm-s  in  individuals  belonging  to  the  wealthier  classes  of 
.  society,  who  have  lived  high,  taken  insufficient  exercise,  and  consequently 
induced  an  irritable,  plethoric,  but  enfeebled  state  of  system.  In  many  cases 
the  patients  are  of  a  gouty  habit,  and  occasionally  the  inflammation  that  pre- 
cedes the  development  of  the  gangrene  appears  to  be  of  this  nature.  In  this 
condition  stimulants  and  the  more  powerful  tonics  are  not  well  borne  ;  they 
:  accelerate  the  pulse,  and  interfere  with  digestion.  As  Brodie  observes,  it  is  of 
.  great  importance  in  this  disease  to  attend  to  the  state  of  the  digestive  organs, 
in  order  that  nutrition  may  go  on,  and  that  blood  of  a  proper  quality  may  be 
made.  In  order  to  accomplish  this,  a  light  nourishing  diet,  partly  animal  and 
partly  vegetable,  should  be  given,  and  a  moderate  quantity  of  wine,  beer,  or 
brandy  allowed.  The  bowels  must  be  relieved  from  time  to  time  by  a  saline 
I  aperient,  a  rhubai'b  draught,  or  simple  aperient  pill.  Mercury  depresses  the 
patient,  and  hence  it  should  not  be  used  as  an  aperient  in  any  form  in  this 
disease,  unless  the  state  of  the  liver  imperatively  demand  it.  If  the  digestion 
become  impaired,  a  stomachic,  as  the  infusion  of  cascarilla  or  the  compound 
infusion  of  gentian  with  a  little  ammonia,  may  be  administered.  The  ad- 
ministration of  opium  in  these  cases,  as  originally  recommended  by  Pott,  has 
received  the  sanction  of  almost  every  practical  Surgeon.  Brodie's  opinion  on 
this  point  is  especially  valuable  ;  he  says,  "  If  I  am  not  greatly  mistaken,  the 
resiUt  of  a  particular  case  will  very  much  depend  on  this — whether  opium 
does  or  does  not  agree  with  the  patient."  From  two  to  four  grains  of  opium 
I  may  be  administered  in  divided  doses  in  the  course  of  twenty-four  hours  ;  the 
quantity  being  increased  as  the  system  becomes  accustomed  to  its  effects.  If, 
however,  it  disturb  the  stomach  and  occasion  headache,  notwithstanding  the 
use  of  aperients,  as  will  often  happen  when  there  is  febrile  disturbance  in. 
persons  of  a  full  habit  of  body,  it  must  be  discontinued.  The  pain  in  the 
foot,  which  is  often  very  severe  during  the  progress  of  the  disease,  usually 
ceases  when  the  mortification  is  complete ;  before  this,  it  is  but  little  influenced 
by  sedatives,  whether  constitutionally  or  locally  applied. 

It  may  be  stated  generally  that  in  those  cases  in  which  there  is  much  fever, 
in  which  the  tongue  is  loaded,  the  pulse  quick,  and  the  skin  hot,  in  which  the 
spread  of  the  gangrene  is  preceded  by  a  red  angry  blush,  with  much  pain  and 
I  heat,  moderate  diet  and  mild  tonics  will  be  most  useful ;  whilst,  on  the  other 
I  hand,  when  it  is  simply  a  shrivelling  of  the  toes  and  feet,  without  any  preced- 
I  ing  local  inflammation,  or  febrile  disturbance,  a  decided  tonic  or  stimulating 
I  plan  will  succeed  best. 

I  The  Local  Means  to  be  employed  in  senile  gangrene  are  simple.  It  is  of 
1  great  importance  to  keep  up  the  temperature  of  the  limb,  and  to  encourage 
I  the  flow  of  blood  to  the  affected  part  as  much  as  possible  ;  this  is  best  done 
f  by  the  appKcation  of  salicylic  or  iodoform-wool,  or  in  the  absence  of  these,  of 
j  simple  cotton-wool,  in  thick  layers  around  the  foot  and  leg,  so  as  to  envelop 
I  the  limb  completely  in  this  material,  over  which  a  large  worsted  stocking  may 
I  be  drawn,  or  a  handkerchief  stitched.  This  dressing  need  not  be  removed 
i  more  than  once  or  twice  a  week,  unless  there  be  much  discharge  from  the  line 
of  separation,  when  it  must  be  changed  more  frequently  ;  the  gangrenous  part 
j  itself  may  be  well  powdered  with  iodoform,  or  may  be  simply  left  to  dry  beneath 
I  the  cotton-wool.  Should  the  gangrene  be  of  the  moist  variety  the  dead  parts 
1  may  be  painted  with  carboUc  acid  and  glycerine  (1  in  5),  or  some  such  power- 
ful antiseptic,  before  being  covered  with  wool.  When  the  soft  parts  have  been 
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separated,  and  the  bones  of  the  foot  exposed,  these  should  be  cut  across  with 
cutting  pliers  or  a  small  saw,  and  the  sores  that  result  dressed  in  tlie  ordinary 
way  with  some  mild  antiseptic  lotion  or  slightly  stimulating  ointment.  The 
balsam  of  Peru,  either  pure  or  diluted  with  an  equal  part  of  yolk  of  egg,  is  a 
very  excellent  application  in  these  cases.  In  the  event  of  recoA'ery,  the  patient 
must  be  careful  to  avoid  exposure  to  cold  and  to  keep  the  legs  warmly  clad  at 
all  seasons  of  the  year. 

Amputation  m  G-angeene. — The  question  of  Amputation  in  cases  of 
gangrene  of  the  limbs  is  of  great  importance  to  the  practical  Surgeon,  and  is 
one  on  certain  points  of  which  the  opinions  of  the  best  practitioners  still  vary. 
At  first  sight  it  appears  rational  to  cut  off  a  limb  that  is  dead,  and  offensive  ; 
and  with  propriety  this  may  be  done  when  the  gangrene  is,  strictly  speaking, 
a  local  condition,  as,  for  instance,  the  result  of  a  severe  injuiy :  any  affection 
of  the  constitution  in  such  a  case  being  secondary  to  the  local  mischief,  and 
dependent  on  absorption  of  the  products  of  putrefaction  from  the  decomposing 
tissues.  When  it  arises  from  wounds  or  ligature  of  an  artery  we  usually  ampu- 
tate at  once.  For  the  reasons  which  have  been  given  (pp.  332,  460),  the  opera- 
tion should  be  performed  as  soon  as  the  gangrene  has  unequivocally  manifested 
itself,  without  waiting  for  the  hne  of  demarcation. 

There  are  two  exceptions  to  the  rule  of  amputating  in  traumatic  and  local 
gangrene  before  the  occurrence  of  the  line  of  demarcation ;  viz.,  gangrene  from 
frost-bite,  and  that  from  severe  burns.  In  these  injuries  it  is  better  to  wait  for 
the  formation  of  the  line  of  separation,  and  then  to  fashion  the  stump  through 
or  just  above  it  as  the  circumstances  of  the  case  require. 

The  question  of  amputation  in  those  forms  of  gangrene  consequent  on 
specific  infective  processes,  or  phlegmonous  erysipelas,  spreading  traumatic 
gangrene,  or  hospital  gangrene,  wall  be  fully  considered  with  those  diseases. 
Such  operations  often  give  the  only  chance  of  life,  but  their  results  are  on  the 
whole  very  unfavourable,  the  patient  usually  sinking  from  a  recuiTence  of  the 
disease  in  the  stump,  or  from  the  constitutional  disturbance  that  had  previously 
set  in. 

In  spontaneous  gangrene  from  disease  of  the  arteries,  it  is  a  golden  rule  in 
surgery  not  to  amputate  until  the  line  of  separation  has  formed  ;  for,  as  it  is 
impossible  in  these  cases  to  say  where  the  mortification  will  stop,  the  ampu- 
tation might  be  done  either  too  high  or  not  high  enough.  It  is  not  even 
sufl&cient  in  cases  of  this  kind  to  wait  until  the  line  of  demarcation  has  formed 
before  removing  the  limb  ;  these  cases  of  spontaneous  gangrene  having  often 
a  tendency  to  remain  stationary  for  some  days,  and  then,  creeping  on,  to  over- 
step the  line  by  which  they  had  at  first  appeared  to  be  arrested.  Besides  this, 
the  local  disturbance  and  inflammation  set  up  by  the  amputation  might  be  too 
great  for  the  lessened  vitality  of  the  part,  and  might  of  themselves  occasion  a 
recurrence  of  the  gangrene.  Hence  in  these  cases  it  is  always  well  to  wait 
until  the  line  of  separation  has  ulcerated  so  deeply  that  there  is  no  chance  of 
the  gangrene  overleaping  this  barrier,  at  the  same  time  that  means  are  taken, 
by  the  administration  of  tonics,  nourishing  food,  &c.,  to  improve  the  patient'^ 
strength  and  fitness  for  the  operation.  As  soon  as  this  has  been  done  in  a 
satisfactory  manner,  and  all  the  soft  parts,  except  the  ligaments,  have  been 
ulcerated  through,  the  mortified  part  should  be  separated  by  cutting  through 
the  remaining  osseous,  ligamentous,  or  tendinous  structures,  and  then  means 
should  be  taken  to  fashion  the  stump  that  has  been  formed  by  nature.  In 
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^ome  cases  this  will  be  sufficiently  regular  to  serve  every  useful  purpose  after 
ic  has  cicatrized.  In  most  instances,  however,  the  stump  is  more  irregular  and 
unsightly  (of  which  the  accompanying  draAving  (Fig.  349)  is  a  good  illustra- 
rion) :  and  the  bones  protrude  to  such  an  extent  that  it  is  necessary,  in  order 
o  give  the  patient  a  useful  limb,  to  amputate  through  the  face  of  the  stump, 
.)r  higher  up.    All  this  must  be  left  to  the  discretion  of  the  Surgeon  ;  but  no 


Fig.  349. — Spontaneous  Amputation  in  Gangrene  of  Right  Foot  and  Left  Leg 

from.  Embolism. 

procedm-es  of  this  kind  should  be  undertaken  until  the  patient's  strength  has 
been  restored  sufl&ciently  to  bear  the  operation. 

In  gangrene  from  embolism,  the  amputation  may  as  a  rule  be  performed  at 
an  earlier  period,  provided  the  patient's  general  condition  is  such  as  to  justify 
the  operation,  but  it  should  not  be  undertaken  until  the  supply  of  blood  to  the 
tissues  immediately  above  the  gangrenous  parts  is  fully  restored,  and  a  distinct 
line  of  demarcation  has  formed,  close  to  which  the  incisions  may  safely  be 
carried. 

In  senile  gangrene  it  has  been  proposed  to  amputate  the  thigh  high  up, 
before  a  line  of  demarcation  has  formed,  and  thus  to  avoid  the  dangers 
inevitably  attending  the  separation  of  the  gangrenous  parts.    This  practice 
has  been  successfully  adopted  by  Garhke,  James  of  Exeter,  Jonathan  Hutchin- 
■  son,  and  others,  and  certainly  is  a  justifiable  proceeding  in  well  selected  cases 
in  which  the  health  is  otherwise  good,  the  constitution  tolerably  sound,  and 
the  gangrene  so  extensive  as  to  make  it  veiy  doubtful  if  the  patient  would 
^  survive  the  process  of  natural  separation  of  the  dead  parts.    In  gangrene  of 
;  the  foot  the  amputation  should  be  done  immediately  above  the  knee,  as  if  per- 
formed lower  down  there  would  be  great  danger  of  sloughing  of  the  flaps.  The 
circular  method  should  always  be  adopted,  as  it  makes  the  smallest  wound, 
aud  avoids  the  danger  of  sloughing  attending  a  flap  operation.    The  knife 
-  should  be  carried  in  a  single  firm  sweep  down  to  the  bone,  passing  in  front 
about  half  an  inch  above  the  patella.    The  soft  parts  can  then  be  retracted 
without  difficulty  for  a  distance  equal  to  at  least  the  diameter  of  the  limb. 
The  covering  will  be  found  to  contain  no  excess  of  muscle.    The  oj^eration 
must  be  performed  with  strict  antiseptic  precautions,  and  some  form  of  lasting 
antiseptic  dressing  will  be  found  most  convenient  in  the  after-treatment. 
Amputation  should  not  be  undertaken  merely  to  give  a  patient  a  "last 
chance,"  when  he  is  already  dying  of  exhaustion  or  septic  poisoning,  as  when 
performed  under  these  circumstances  it  has  usually  been  fatal  within  twenty- 
four  hours. 
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BED-BOKES. 

i- 

When  a  jDart  of  the  body  is  compressed  too  severely,  or  for  too  loug  a  time.  \ 
even  in  a  healthy  person,  it  loses  its  vitality,  and  a  limited  slough  results  : 
this  separates,  and  an  ulcer  is  left,  which  cicatrizes  in  the  usual  way.  But  i 
in  certain  deranged  states  of  the  health,  more  especially  when  the  blood  is  | 
vitiated,  and  the  constitutional  powers  lowered,  as  during  fever,  or  when  the 
heart  is  diseased  and  weakened,  more  particularly  if  the  patient  be  old  and 
debilitated,  or  if  innervation  be  acutely  affected,  and  he  be  paralysed,  the  skijj 
covering  those  points  of  the  body  that  are  necessarily  pressed  upon  in  the 
recumbent  position,  such  as  the  sacrum,  the  trochanters,  the  elbows,  shoulders, 
and  heels,  becomes  congested  and  inflamed,  assuming  a  dull  reddish-brown 
colour,  and  speedily  becomes  excoriated,  often  without  any  pain  being  felt 
by  the  patient.  One  great  cause  of  bed-sores  is  undoubtedly  bad  nursmg. 
It  would  not  be  just  to  say  that  a  bed-sore  is  always  the  result  of  negligent 
nursing,  but  it  may  truly  be  said  that  the  chance  of  the  formation  of  bed- 
sores, and  their  severity  when  foi-med,  will  be  increased  or  diminished  in  the 
exact  ratio  of  the  negligence  or  care  of  the  nurse.  It  is  not  so  much  thu 
actual  severity  of  the  pressure  that  occasions  a  bed-sore,  as  moderate  long- 
continued  pressure  applied  to  a  part  congested  by  position  in  a  patient 
enfeebled  by  disease.  If  means  be  not  taken  to  reheve  the  part  from  the 
injurious  compression  to  which  it  is  subjected,  and  more  especially  if  it  be 
allowed  to  become  irritated  by  the  contact  of  fseces  or  urine,  the  subcutaneous 
areolar  tissue  corresponding  to  the  inflamed  patch  will  be  converted,  with  the 
skin  covering  it,  into  a  tough  greyish  slough,  from  under  which  a  thin  ichoroufi 
pus  exudes.  This  slough  may  extend  by  a  process  of  undermining  of  the 
integuments  covering  it  ;  and  on  its  separation  extensive  mischief  will  be 
disclosed,  the  fascia  and  muscles  being  exposed,  or  the  bones  even  laid  bare, 
and  soon  becoming  roughened  and  carious.  In  some  cases,  even  the  inferior 
aperture  of  the  spinal  canal  may  be  laid  open,  and  death  result  from  septic- 
meningitis.  In  other  cases,  the  patient  is  worn  out  by  discharge  and  irrita- 
tion, or  perishes  from  pyaemia  or  sej)tica3mia.  i 

Treatment. — This  is  in  a  great  measure  preventive.  When  a  patient  is 
likely  to  be  confined  to  bed  for  many  weeks,  especially  by  exhausting  disease, 
steps  should  be  taken  by  proper  arrangement  of  the  pillows,  and  by  the  use  of 
a  water-bed  or  cushions,  to  prevent  pressure  from  being  injuriously  exercised 
upon  any  one  part.  If  the  patient  be  unable  to  move  himself  his  position 
should  be  changed  by  the  nurse  at  regular  intervals.  At  the  same  time, 
cleanliness  and  dryness  should  be  carefully  provided  for  by  proper  nursing,  by 
the  use  of  a  draw-sheet,  and  by  furnishing  the  bedstead  with  the  necessary 
arrangements  for  using  the  bed-pan,  &c.  The  back  should  be  periodically  j 
examined  by  the  Surgeon  himself.  The  skin  on  the  exposed  parts  may  be  I 
protected  by  the  application  of  collodion  or  soap-plaster  spread  upon  wash- 
leather  or  amadou,  or  isinglass  on  felt  ;  or,  what  is  better,  it  may  be 
strengthened  by  being  washed  with  spirits  of  wine.  In  some  cases  much 
benefit  is  derived  from  frictions  of  brandy  and  glycerine  in  equal  jDarts.  If 
the  skin  has  become  reddened  it  should  l)e  jiainted  with  a  solution  of  nitrate  ■} 
of  silver,  of  gr.  v,  to  Jj.  j 

If  the  skin  have  become  chafed,  the  removal  of  pressure  is  imperative,  and  j 
the  abrasion  may  be  washed  over  with  collodion.    If  a  sore  have  formed  it  j 
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may  be  dressed  with  boracic  acid  ointment,  or  balsam  of  Peru,  spread  upon 
lint.  In  some  cases  the  prone  couch  may  occasionally  be  advantageously 
substituted  for  the  ordinary  bed  previously  employed.  When  sloughs  have 
formed,  their  separation  must  be  faciUtated  by  the  use  of  moist  antiseptic 
dressings,  as  boracic  acid  lint  and  lotion,  and  the  ulcers  that  are  left  should  be 
treated  on  ordinary  principles,  the  utmost  attention  being  paid  to  cleanliness 
by  the  use  of  antiseptic  lotions  ;  but  no  dressing  that  the  Surgeon  can  apply 
will  cause  these  ulcers  to  clean,  and  still  less  to  heal,  unless  pressure  be 
removed  and  the  patient's  general  health  improve,  when  they  will  speedily 
cicatrize  under  the  most  simple  treatment. 

BOILS. 

A  Boil  or  Furuncle  is  a  localized  inflammation  affecting  the  skin  and 
subcutaneous  tissue  tei-minating  in  the  formation  of  a  small  conical  slough  of 
areolar  tissue  called  the  core,  around  which  suppuration  takes  place,  the  dead 
tissue  being  finally  separated  and  discharged  by  an  opening  through  the  skin. 
The  inflammation  starts  in  connection  with  a  hair,  but  whether  from  the 
foUicle  itself  or  from  the  sebaceous  gland  is  uncertain  ;  probably  it  may 
commence  in  either  situation.  It  begins  as  a  small  red  pimple,  through  the 
middle  of  which  the  hair  may  often  be  seen  protruding.  From  this  the 
inflammation  extends  into  the  subcutaneous  tissue  ;  it  is  accompanied  by 
abundant  coagulable  exudation,  so  that  the  inflamed  area  becomes  raised  above 
the  surrounding  parts,  forming  a  hard  circumscribed  tumour  of  a  purplish-red 
(jolour,  conical  in  form,  but  flattened  at  the  top.  On  the  summit  of  this  a 
vesicle  forms  which  bursts,  leaving  a  grey  slough  exposed,  which  is  gradually 
loosened  by  suppuration  around  it,  and  discharged  usually  by  a  single 
opening,  after  which  the  small  cavity  heals  rapidly.  In  the  early  stages  there 
are  itching  and  tenderness,  but  as  the  tension  and  hardness  increase  the  boil 
becomes  extremely  painful.  Boils  are  always  seated  on  parts  provided  with 
hair,  the  most  common  situations  being  the  back  of  the  neck,  the  shoulders, 
nates,  and  hands.  They  seldom  occur  singly,  one  usually  following  another 
for  some  weeks  or  even  months.  The  nearest  lymphatic  glands  are  usually 
swollen,  but  very  rarely  suppurate.  In  some  cases  the  inflammation  subsides 
without  suppuration,  and  the  boil  is  then  said  to  be  Wmcl. 

Causes. — Predisposing  Causes. — Boils  most  frequently  occur  in  young 
])eople,  but  are  common  enough  at  all  ages.  They  are  met  with  sometimes  in 
very  plethoric,  and  sometimes  in  enfeebled  constitutions,  often  following  some 
of  the  more  severe  febrile  diseases,  and  attending  convalescence  from  them  ; 
fchey  are  not  uncommon  in  diabetic  subjects.  The  boils  which  often  break  out 
(luring  training  for  athletic  contests  are  supposed  to  be  due  to  a  too 
exclusively  animal  diet.  Sometimes  boils  may  be  traced  to  exposure  to  sewer- 
gas.  In  other  cases,  the  system  appears  to  have  fallen  into  a  cachectic  state, 
often  without  any  evident  cause,  and  this  terminates  by  a  critical  eruption  of 
boils.  A  sudden  change  in  the  habits  of  life,  as  from  sedentary  to  active 
pursuits,  a  course  of  sea-bathing,  &c.,  will  also  occasion  them.  They  are 
commonly  met  with  in  the  spring  of  the  year,  but  may  occur  at  all  seasons,  and 
are  occasionally  epidemic. 

Immediate  Causes. — Many  years  ago  Pasteur  showed  that  a  micrococcus 
was  always  present  in  the  discharge  that  could  be  obtained  from  a  boil  by 
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puncturing-  it  and  squeezing  it  at  an  early  stage.  This  organism  has  smce 
been  identified  as  the  staphylococcas  pyogenes  so  commonly  found  in  all 
acute  suppurations.  That  it  can  act  as  a  cause  of  boils  has  been  shown  by 
Garre,  who  rubbed  a  gelatine  cultivation  of  the  staphylococcus  obtained  from 
a  case  of  acute  necrosis  of  bone  into  his  own  arm,  with  the  result  of  producing 
a  closely  set  crop  of  boils.  Boils  are  also  well  known  to  be  common  on  the 
hands  from  the  contact  of  decomposing  animal  matter  in  post  mortem  examina- 
tions. Friction  seems  an  important  local  cause,  as  they  are  most  common  on 
the  neck  at  the  part  rubbed  by  the  collar,  and  are  often  met  with  on  the  nates 
from  rowing. 

Treatment. — If  any  definite  constitntional  condition  can  be  discovered 
upon  which  the  boils  seem  to  be  dependent  it  must  be  attended  to.  The 
urine  should  always  be  tested  for  sugar  and  albumen.  The  drains  of  the  house 
in  which  the  patient  lives  should  be  examined  as  the  disease  may  be  due  to 
poisoning  from  sewer-gas.  Boils  may  occur  in  the  most  opposite  conditions 
of  health,  and  different  modes  of  treatment  are  consequently  necessary.  If  the 
patient  be  debilitated  and  cachectic,  iron,  quinine,  and  cod-liver  oil ;  if  he  be 
plethoric,  and  the  system  loaded,  purgatives,  salines,  and  liquor  potass®  will 
be  appropriate.  In  the  one  case  an  abundant  nourishing  diet,  in  the  other 
case  a  spare  and  simple  one,  with  avoidance  of  stimulants,  wiU  be  required. 
Change  of  air  is  often  very  beneficial.  In  some  cases  empirical  means  are 
of  service.  Thus,  when  the  disease  is  associated  Avith  pompholyx,  or  preceded 
by  painful  vesicles,  arsenic  may  be  of  benefit.  In  other  instances,  yeast  or 
charcoal  has  been  advantageously  given.  Ringer  strongly  recommends  the 
administration  of  sulphide  of  calcium  both  for  preventing  the  formation  of 
fresh  boils  and  hastening  the  separation  of  the  slough  in  those  that  have 
ah-eady  appeared.  A  tenth  of  a  grain  may  be  given  hom-ly  or  a  third  of  a 
grain  four  times  a  day. 

The  Local  Treatment  is  simple.  When  the  boil  is  in  its  earliest  stage,  if  a 
hair  can  be  seen  projecting  through  the  pimple,  it  should  be  pulled  out  with 
forceps.  The  development  may  in  some  cases  be  arrested  also  by  touching  it 
Math  nitrate  of  silver,  or  with  a  satm-ated  solution  of  perchloride  of  mercury. 
When  the  boil  is  evidently  forming  the  red  area  around  it  should  be  painted 
with  equal  parts  of  glycerine  and  belladonna.  This  usually  relieves  the  pain 
and  protects  the  skin  from  the  irritation  of  the  poultices  or  other  apphcations. 
Hot,  moist  applications  must  then  be  employed  ;  four  layera  of  wet  boracic 
acid  lint  covered  with  oiled  silk  and  cotton-wool,  or  a  linseed  meal  poultice 
well  greased  on  the  surface,  forms  the  best  application.  Poultices,  however,  in 
many  cases  irritate  the  surrounding  skin,  and  encourage  the  formation  of  a 
fresh  cro^D  of  boils.  Nothing  will  be  found  to  give  so  much  relief  or  to  hasten 
suppuration  more  than  the  application  of  a  sponge  squeezed  out  of  water,  as 
hot  as  the  patient  can  bear  it,  and  changed  every  few  minutes.  If  the  patient 
is  confined  to  the  house,  he  can  carry  out  this  treatment  himself  for  several 
hours  during  the  day.  Most  commonly  a  boil  may  be  allowed  to  break,  but 
the  Sm-geon  may  in  some  cases  find  it  necessary  to  open  it  by  a  crucial 
incision  Avhen  it  is  large,  and  does  not  appear  disposed  to  break  of  itself 

OABBUNCLE. 

A  Carbuncle  is  a  specific  spreading  inflammation  of  the  subcutaneous 
areolar  tissue,  implicating  the  skin  and  terminating  in  death  of  the  afiected 
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issues,  with  the  formatiou  of  a  pulpy  greyish  or  ash-coloured  slough.  Whether 
it  commences  iu  the  deep  layers  of  the  true  skin,  possibly  in  the  sebaceous 
glands,  or  in  the  subcutaneous  areolar  tissue,  has  not  been  definitely 
determined. 

Signs.— A  carbuncle  begins  as  a  flat  or  very  slightly  conical  inflammatory 
swelhng  of  the  skin,  the  base  of  which  is  hard,  and  the  edges  clearly  defined  ; 
it  is  of  a  dusky-red  colour  and  is  accompanied  from  the  first  by  a  burning, 
stinging,  heavy,  or  throbbing  pain  in  the  part,  out  of  proportion  to  the 
apparent  gravity  of  the  disease.  The  inflamed  base  steadily  enlarges  and  im- 
jjlicates  the  subcutaneous  tissue  more  deeply,  forming  a  flat,  slightly  elevated, 
hard,  circumscribed  swelling,  gradually  becoming  doughy  as  sloughing  sets  in. 
As  it  increases  in  size,  the  swelling  maintains  its  flattened  circular  or  oval  shape, 
and  the  skin  covering  it  assumes  a  pm-ple  or  brownish-red  tint.  Vesicles  form 
'W  it  at  several  points,  which  speedily  become  pustular  and  burst,  exposing 
ipenings  beneath  in  the  cutis,  through  which  the  ash-grey  sloughs  appear,  and 
I  rom  which  unhealthy  purulent  discharge  scantily  issues.  The  openings  in 
the  thin  undermined  skin  gradually  melt  into  each  other,  and  the  slough 
slowly  separates.  In  most  cases,  the  whole  thickness  of  the  subcutaneous  fat 
is  not  destroyed  ;  but  occasionally  when  the  slough  comes  away  the  deep  fascia 
'  )r  even  the  muscles  may  be  exposed. 

The  size  of  the  sweUing  varies  from  one  to  six  inches  in  diameter  ;  most 
•ommonly  it  is  about  two  inches  across.  Carbuncles  are  generally  met  with 
ju  the  posterior  part  of  the  trunk,  more  especiaUy  about  the  shoulders  and  the 
nape  of  the  neck  ;  being  rarely  seen  anteriorly,  or  on  the  extremities.  I  have, 
however,  had  to  treat  very  large  carbuncles  on  the  abdomen,  and  have  met 
nith  them  on  the  shin,  forearm,  and  forehead.  A  carbuncle  is  almost 
invariably  single  ;  but  some  years  ago  I  had  under  my  care  a  patient  in 
whom  a  large  carbuncle  Avas  followed  by  the  appearance  of  about  a  dozen 
-mailer  ones  scattered  over  the  back,  in  spite  of  which  he  flnally  recovered. 

The  Constitutional  Disturbance  attending  this  disease  is  always  of  the 
asthenic  type  ;  the  complexion  is  often  peculiarly  sallow  or  yellow,  the  pulse 
feeble,  and  the  tongue  loaded  ;  and  if  the  carbuncle  be  large,  or  be  seated  on 
the  head,  death  may  take  place,  the  patient  frequently  sinking  from  septicaemia 
or  pyaemia. 

Causes. — A  carbuncle  arises  usually  without  any  assignable  local  exciting 
'■ause  ;  but  in  some  cases  it  is  evidently  occasioned  by  the  introduction  of 
some  poisonous  matter  into  a  puncture  in  the  skin  or  into  a  hair-follicle.  In 
all  cases  it  is  associated  with  and  dependent  upon  a  disordered  state  of  the 
constitution,  and  any  condition  that  lowers  the  powers  of  the  system  will  pre- 
dispose to  it.  Habitually  bad  and  insufficient  food,  the  exhaustion  induced 
by  clii'onic  wasting  diseases,  especially  diabetes,  or  the  debility  resulting  from 
acute  febrile  diseases — more  particularly  typhus — may  all  occasion  it.  Car- 
buncles are  more  common  in  men  than  in  women,  and  iu  the  old  than  in  the 
young,  being  very  rare  under  twenty.  They  occur  more  frequently  in  some 
years  than  in  others.  Micrococci  are  abundantly  present  in  the  diseased 
tissues,  but  no  specific  organism  definitely  related  to  the  disease  has  been 
discovered. 

Diagnosis. — A  carbuncle  resembles  a  loil  in  many  points,  yet  differs  in  its 
greater  size,  in  the  dusky-red  colour  of  the  inflamed  iutegument,  in  its  broad 
flat  form,  and  in  the  large  quantity  of  contained  slougli  in  pi'oportion  to  the 
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small  amount  of  purulent  discharge  iu  the  uimierous  openings  on  the  surface, 
as  well  as  in  the  conditions  in  which  it  generally  occurs.  Tt  differs  from  boil 
also  iu  its  tendency  to  spread.  A  boil  "comes  to  a  head,"  bursts,  and  dis- 
chai-ges  pus  and  slough  ;  a  carbuncle  will  be  discharging  and  sloughing  at  one 
part,  whilst  it  spreads,  hard  and  brawny,  at  another.  A  carbuncle  is  almost 
invariably  single  ;  boils  most  commonly  appear  in  crops. 

The  Prognosis  in  carbuncle  will  depend  on  its  size  and  situation,  and  on 
the  state  of  the  patient's  constitution,  more  particularly  on  that  of  his  kid- 
neys. The  most  dangerous  carbuncles  are  those  that  are  large,  and  situated 
or  encroaching  on  the  scalp  ;  in  fact,  the  more  this  stnicture  is  involved  the 
greater  the  danger.  If  the  constitution  be  good,  even  these  may  be  re- 
covered from;  but  if  the  kidneys  be  unsound,  or  if  there  be  saccharine 
diabetes,  the  progress  of  the  disease  cannot  readily  be  checked,  and  the  patient 
will  usually  sink. 

Treatment. — ^Tlie  Constitutional  Treatment  of  carbuncle  must  be 
guided  by  the  constitutional  state  that  accompanies  the  local  disease.  If  the 
carbuncle  occur  in  a  debilitated  person,  the  tincture  of  the  perchloride  of  iron 
in  small  and  frequent  doses,  with  a  moderate  allowance  of  alcohohc  stimulants 
and  a  good  diet,  will  be  necessary.  If  the  patient  be  diabetic,  opium  must  be 
freely  administered,  unless  chronic  bronchitis  or  albumen  in  the  urine  should 
contra-indicate  it.  If  the  carbuncle  occur  in  a  person  of  advanced  years 
addicted  to  high  living,  and  possibly  not  temperate  in  habits,  the  ordinary 
treatment  of  inflammation  of  a  sloughing  character  must  be  adopted.  The 
bowels  having  been  freely  cleared  out,  ammonia  and  bark,  or  quinine,  must 
be  given.  Alcoholic  stimulants  may  be  more  freely  administered.  But 
they  must  be  administered  medicinally  in  measured  quantities,  and  at  in- 
tervals of  longer  or  shorter  duration  according  to  the  need  of  the  patient  as 
determined  by  his  pulse  and  temperature.  Port-wine  used  to  be  the  favourite 
remedy.  It  is  considered  less  necessary  at  the  present  day  than  it  was  a  gene- 
ration or  two  back,  and  brandy  or  Avhiskey  with  milk  or  eggs  are  commonly 
substituted  for  it.  But  whatever  stimulant  be  given,  too  much  care  cannot 
be  taken  in  regulating  its  doses  and  times  of  administration,  which  must  not 
be  left  to  the  discretion  of  the  non-medical  attendant.  In  addition  to  stimu- 
lants, good  and  abundant  nourishment  should  be  given  ;  meat,  if  the  patient 
can  digest  it  ;  if  not,  soups,  such  as  strong  beef-tea,  essence  of  meat,  or 
tuitle-soup. 

Local  Treatment. — In  the  very  early  stage  the  progress  of  a  carbimcle 
may  be  arrested  by  destroying  it  with  a  pointed  stick  of  potassa  cum  calce. 
If  the  carbuncle  have  attained  a  somewhat  larger  size,  though  still  small,  it 
may  be  covered  with  a  piece  of  soap-plaster  spread  on  leather,  having  a  hole  cut 
in  the  centre,  through  which  the  pus  and  sloughy  matters  may  be  discharged. 
When  the  carbuncle  is  of  larger  size  the  question  will  arise  whether  it  shoidd 
be  incised  or  not.  Some  Surgeons  uniformly  adopt  incisions ;  others,  with 
equal  constancy,  reject  them.  I  think  that  the  exclusive  adoption  of  cither 
method  is  erroneous,  and  that  the  most  successful  treatment  consists  in  allow- 
ing the  question  of  early  incision  to  be  determined  by  the  amount  of  tension 
existing  in  and  around  the  carbuncle.  Should  the  parts  be  soft,  relaxed,  and 
comparatively  painless,  an  incision  is  not  necessary  ;  but,  on  the  other  hand 
if  the  tension  be  considerable,  the  agony  great,  and  the  constitutional  dis- 
turbance dependent  on  both  proportionately  intense,  nothing  gives  such 
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immediate  relief,  local  and  constitutional,  as  early  and  free  incision.  It  has 
been  advised  to  make  the  incision  subcutaneously  by  means  of  a  long  narrow 
bistoury,  but  it  is  difficult  to  see  how  this  can  do  much  to  relieve  tension.  The 
desu-ed  object  is  much  better  obtained  by  a  free  crucial  incision,  caiTied  fairly 
into  the  healthy  tissues  on  each  side.  The  bleeding  may  be  free,  and  as  the 
patient  is  seldom  in  a  state  to  lose  blood  it  must  be  at  once  restrained  by  dry 
cotton-wool  and  pressure.  Hueter  advises  that  if  the  patient  is  strong  enough 
to  stand  the  necessaiy  loss  of  blood,  and  if  the  carbuncle  be  not  too  large,  the 
whole  slough  should  be  scraped  or  dissected  away  at  the  time  the  incision  is 
made.  The  cavity  thus  left  should  be  well  scrubbed  out  with  some  powerful 
antiseptic  lotion  and  di-essed  antiseptically.  In  this  way  extension  is  arrested 
and  the  fever  due  to  the  presence  of  the  slough  immediately  subdued. 

Should  incision  of  the  carbuncle  not  have  been  performed  early,  it  may  become 
necessary  at  a  later  period,  in  order  to  prevent  the  confinement  of  the  pus 
and  sloughs.  Pysemia  is  so  frequent  a  cause  of  death  in  bad  cases  of  carbuncle, 
that  it  becomes  very  important  to  prevent  putrefaction  in  the  sloughs,  if  possible. 
If  an  incision  be  made  before  the  skin  has  given  way,  it  should  be  done  with 
antiseptic  precautions.  The  surrounding  skin  should  be  washed  with  carbolic 
lotion,  and  as  soon  as  the  cut  has  been  made  some  efficient  form  of  antiseptic 
di-essing  should  be  apphed.  At  subsequent  dressings  the  surface  must  be 
irrigated  with  some  antiseptic  lotion.  Iodoform  sprinkled  on  the  sore  is  a 
most  useful  antiseptic.  Poultices  should  be  avoided  as  tending  to  encourage 
putrefaction.  If  warmth  and  moistm-e  are  required,  a  thick  layer  of  boracic 
acid  lint  wetted  with  a  concentrated  solution  of  boracic  acid  or  salicyho  wool 
moistened  with  warm  water,  wUl  be  found  the  most  convenient  application  ; 
or  if  these  be  not  at  hand,  the  carbuncle  may  be  covered  with  some  lint  soaked 
in  carbolic  oil  (1  in  10),  or  terebene  and  oil,  or  some  other  antispptic  dressing, 
over  which  a  poultice  may  be  applied.  As  the  sloughs  loosen,  they  should  be 
separated  ;  and  the  granulating  surface  which  is  left,  and  which  will  usually 
be  found  to  be  sluggish  in  healing,  should  be  dressed  with  some  of  the  more 
stimulating  ointments,  such  as  those  of  elemi,  resin,  or  balsam  of  Peru. 

Facial  Carbuncle. — Under  this  name  has  been  described  by  Ludlow, 
T.  Smith  and  others,  a  somewhat  rare  form  of  gangrenous  inflammation  of  the 
face.  It  appears  first  as  a  pustule  or  vesicle  on  the  lip — according  to  T.  Smith, 
most  commonly  on  the  upper  lip.  It  is  surrounded  by  a  red  blush,  and  the 
tissues  beneath  are  swollen  and  (Edematous.  The  swelling  spreads  rapidly, 
often  involving  a  great  part  of  one  side  of  the  face  ;  in  a  few  days  its  edge  is 
less  clearly  defined,  and  the  swollen  tissues  are  more  (Edematous  and  less 
brawny  than  in  a  common  carbuncle.  Suppuration  takes  place  after  two  or 
three  days,  in  patches  scattered  through  the  swollen  tissues.  The  skin  in  the 
central  part  becomes  dusky  in  colour,  and  the  subcutaneous  tissue  breaks 
down  intfj  soft  shreddy  sloughs  soaked  in  pus.  The  constitutional  symptoms 
are  of  the  gi-avest  kind  ;  there  is  considerable  elevation  of  temperature  at  first, 
with  dry  tongue  and  great  prostration.  Should  the  patient  survive  to  the 
period  of  sloughing  and  suppuration,  death  may  take  place  from  pysemia  or 
septicasmia.  Embolic  pyDsmia  is  very  common  following  septic  thrombosis  of 
the  large  veins  on  the  side  of  the  face. 

In  rare  cases  the  disease  may  commence  about  the  nose  and  extend  to  the 
eyelids.  It  may  then  be  fatal  by  septic  thrombosis  extending  backwards  by 
the  ophthalmic  vein  to  the  cavernous  sirms.    In  this  condition  there  is  great 
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swelling  of  the  eyelids,  and  pus  may  form  deeply  in  the  orbit.  It  is  speedily 
fatal  from  meningitis  or  pyemia.  The  exact  relation  of  this  affection  to 
true  carbuncle  is  doubtful.  T.  Smith  believes  it  to  differ  only  in  the  greater 
acuteness  and  intensity  of  the  process,  but  I  do  not  think  it  can  be  considered 
a  carbuncular  inflammation.  Its  Avhole  course  and  the  appearance  of  the 
inflamed  part  rather  indicate  its  alliance  to  phlegmonous  eiysipelas.  Death 
ensues  usually  in  from  forty-eight  hours  to  five  or  six  days  after  invasion. 
It  is  a  very  grave,  but  not  a  hopeless  affection. 

Diagnosis. — The  disease  somewhat  resembles  malignant  pustule,  with 
which  it  has  often  been  confounded.  The  black  slough  surrounded  by  vesicles 
which  is  so  characteristic  of  the  latter  disease,  is,  however,  wanting  in  facial 
carbuncle.  Moreover,  in  malignant  pustule  the  slough  is  dry,  while  in  facial 
carbuncle  it  is  soaked  in  pus. 

Treatment. — Abundance  of  liquid  nourishment  and  stimulants  are  required, 
and  Sir  James  Paget  recommends  the  administration  of  quinine  in  large  doses. 
Locally,  incisions  seem  to  have  been  of  but  Kttle  use  ;  the  application  of  hot 
fomentations,  followed  by  antiseptic  dressings  when  sloughing  has  taken  place, 
is  all  that  can  be  done  in  most  cases. 

CANCKUM    OEIS,    OK  NOMA. 

Cancrum  oris  is  a  rapidly  spreading  gangrenous  inflammation  attacking  the 
inside  of  the  cheek,  most  frequently  between  the  second  and  sixth  years  of 
life.  It  is  met  with  usually  in  ill-fed,  sickly  children  who  have  been  living 
under  bad  hygienic  conditions.  It  commonly  occurs  during  convalescence 
from  some  acute  specific  fever,  most  frequently  measles  ;  or  after  the  incautious 
administration  of  mercmy  during  a  weak  state  of  the  system. 

Symptoms. — One  of  the  cheeks  becomes  red,  swollen,  brawny,  tense,  and 
sinning,  being  excessively  hard.  It  is  often  difficult  to  open  the  mouth  :  but 
if  the  Surgeon  can  gain  a  view  of  its  inside,  he  will  see  a  deep  and  excavated 
foul  ulcer  opposite  to  the  centre  of  the  external  swelling,  covered  with  a  brown 
pulpy  slough.  The  gums  are  turgid,  dark  and  ulcerated  :  the  saliva  is  mixed 
with  putrescent  matters.  By  the  second  day  a  dark  purple  spot  appears  in 
the  middle  of  the  red  external  swelling  over  which  the  epithelium  separates 
and  the  skin  quickly  becomes  gangrenous.  The  sloughing  extends  rapidly., 
until  by  the  third  or  fourth  day  a  large  gangrenous  cavity  is  formed,  opening 
externally  through  the  cheek  and  internally  lading  bare  the  alveolar  borders  of 
the  jaw.  The  child  suffers  little,  and,  as  the  disease  advances,  it  commonly 
becomes  drowsy,  and  at  last  dies  comatose,  usually  within  a  week.  This  affec- 
tion is  most  fatal.  Eilliet  and  Barthcz  state  that  not  more  than  one  in  twenty 
cases  recovers.  Should  recovery  take  place,  a  large  portion  of  the  cheek  may 
be  lost,  opening  the  mouth  half  way  back  to  the  ear,  or  a  dense  cicatricial 
band  may  form  between  the  jaws,  making  it  impossible  to  open  the  mouth. 

Pathology. — The  exact  cause  of  the  ulcei'ation  is  still  uncertain.  In  the 
ulcerative  stomatitis  of  calves,  which  in  many  respects  closely  resembles  cancrum 
oris,  Lingard  and  Batt  have  found  the  line  of  junction  of  the  necrotic  and 
healthy  tissues  occupied  by  a  "mass  of  bacilli  having  the  appearance  of  a 
dense  phalanx  advancing  upon  the  healthy  tissues."  These  were  cultivated 
out  of  the  body,  and  found  capable  of  causing  a  spreading  necrosis  when 
inoculated  on  other  animals.    In  one  case  of  cancrum  oris  which  lie  had 
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the  opportunity  of  examiuiiig-,  Lingard  found  similar  organisms  with  the  same 
lU'rangement. 

Treatment.— The  child  must  be  put  under  chloroform,  and  the  sloughing 
mass  deeply  cauterized.  The  sloughs  should  be  scraped  or  scrubbed  away 
before  the  caustic  is  applied.  Nitric  acid  is  usually  recommended  in  these 
cases.  The  actual  cautery  may  also  be  used,  especially  when  the  cheek  is 
aheady  perforated.  If  the  slough  appears  on  the  surface  externally,  it  may  be 
cut  away  before  applying  the  caustic.  After  cauterization  the  mouth 
should  be  syringed  out  with  diluted  Condy's  fluid,  and  the  ulcerating  surface 
dusted  with  iodoform.  The  strength  must  be  supported  with  beef-tea,  wine, 
and  ammonia.  If  recovery  take  place,  some  plastic  operation  may  be  necessary 
at  a  later  period,  in  order  either  to  close  the  gap  in  the  cheek  or  to  enable  the 
child  to  open  its  mouth. 

NOMA   OF    THE    VULVA— aANaRENOUS  VULVITIS. 

Gangrenous  Inflammation  of  the  Vulva  of  a  character  much  resembling 
cancrum  oris,  and  occurring  under  similar  conditions,  is  occasionally  met  with 
in  unliealthy,  ill-fed  female  children,  and  is  not  uncommonly  fatal.  It  usually 
attacks  the  surface  of  one  labium,  but  soon  extends  to  the  other  by 
contact.  The  parts  round  are  swollen  and  inflamed,  and  in  the  centre  is  an 
ash-grey  slough,  which  rapidly  extends.  The  Treatment  consists  in  wiping 
or  scraping  away  the  slough  and  applying  fuming  nitric  acid.  After  this  the 
child  should  be  kept  for  some  hours  every  day  in  a  bath  of  warm  boracic 
acid  lotion.  When  in  bed,  a  piece  of  lint  soaked  in  a  solution  of  boracic  acid 
in  glycerine  and  water  should  be  placed  between  the  labia. 
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DISEASES  AEISING  FEOM  SEPTIC  AND  INFECTIVE 
PROCESSES  IN  WOUNDS. 

This  group  of  diseases,  including  septicemia,  pygemia,  erysipelas,  hospital 
gangrene  and  some  others  of  less  importance,  has  been  investigated  durino- 
the  last  quarter  of  a  century  by  numberless  observers  with  an  energy  and 
ability  probably  never  exceeded  in  any  branch  of  science.  As  the  means  of 
observation  were  improved  and  new  methods  of  investigation  invented,  so  the 
conviction  in  the  minds  of  the  majority  of  pathologists  became  more  and 
more  confirmed  that  all  these  unhealthy  processes  are  directly  caused  by  the 
action  of  microscopic  fungi.  We  are  still  very  far  from  knowing  all  the  con- 
ditions which,  as  predisposing  or  accessory  causes,  take  part  in  the  development 
of  these  diseases,  or  the  exact  mode  in  which  the  fungi  give  rise  to  the  various 
morbid  processes  with  which  they  are  associated  ;  but  that  their  relation  to 
them  is,  in  some  forms  of  disease  at  least,  actually  one  of  cause  and  effect,  mav 
1)6  said  to  be  no  longer  a  mere  hypothesis. 

The  relations  of  microscopic  organisms  to  unhealthy  inflammations,  and  the 
nature  of  a  true  infective  process  have  already  been  discussed  in  the  chapter  on 
Inflammation,  p.  167  et  seq. 

It  will  be  remembered  that  it  was  there  pointed  out  that  a  clear  distinction 
must  be  drawn  between  simple  putrefaction  and  infective  processes.  Simple 
putrefaction  is  a  fermentative  change  taking  place  in  dead  matter  only,  and 
the  products  of  the  fermentation  may  excite  inflammation  and  suppuration  j 
locally,  and  if  absorbed  give  rise  to  a  definite  constitutional  disturbance  ;  but 
the  organized  ferment  which  determines  the  process  cannot  act  on  living 
tissues,  consequently  there  is  no  true  infection,  either  locally  or  of  the  system 
in  general.  It  is  to  processes  of  this  kind  that  the  term  "  septic  "  should  be 
limited,  the  word  then  being  synonymous  with  "  putrid." 

In  a  true  infective  process  the  virus  infects  the  living  tissues,  increasing  in 
quantity  amongst  them,  and  gives  rise  to  unhealthy  processes  in  them.  These 
may  be  local,  the  accompanying  constitutional  disturbance  being  merely  the 
result  of  the  absorption  of  the  unhealthy  inflammatory  products,  or  general, 
when  the  virus  enters  the  blood-stream  and  multiphes  in  it.  The  former  is 
called  a  local,  and  the  latter  a  general  infective  p-ocess. 

In  simple  septic  processes  the  fungi  which  are  supposed  to  cause  them  are 
said  to  be  non-pathogenic  or  non-parasitic  ;  in  infective  processes  they  are 
spoken  of  as  pathogenic  or  parasitic.  The  term  "mycosis"  is  often  used  to 
signify  the  infection  of  the  living  tissues  by  fungoid  organisms. 

Although  these  septic  and  infective  processes  are  distinct  from  each  other, 
they  arc  nearly  related  ;  infective  processes  very  rarely  starting  from  wounds, 
unless  the  discharges  arc  in  a  septic  condition.  This  fact  has  been  explained 
by  supposing  that  non-pathogenic  organisms  may  develop  pathogenic  pro- 
perties when  growing  in  a  suitable  medium,  such  as  the  discharges  of  an 
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this.  The  more  generally  received  opinion  is  that  the  specific  infective 
jirocesses  are  each  due  to  a  special  form  of  organism,  and  that  putrefaction 
serves  only  as  a  predisposing  cause  of  infection :  first  by  exciting  inflammation 
and  suppuration,  and  thus  providing  a  suitable  medium — the  inflammatory 
exudation  or  pus — iu  which  the  pathogenic  organisms  may  develop  ;  and 
secondly,  by  lowering  the  vitality  of  the  tissues,  in  consequence  of  which  they 
are  more  readily  invaded  by  the  pathogenic  or  parasitic  fungi. 

However  this  may  be,  the  practical  fact  remains  that  the  prevention  of 
putrefaction  is  also  the  most  certain  means  of  preventing  infection. 

The  mode  of  entrance  of  the  virus  has  already  been  discussed  (p.  178).  In 
infective  processes  attacking  wounds  there  is  no  doubt  that  in  the  great 
majority  of  cases,  so  great  in  fact  that  we  may  almost  say  in  all  cases,  the 
virus  enters  the  wound  directly  from  without,  and  the  surest  means  of  preven- 
tion are  those  directed  to  protect  the  wound  from  external  influences. 

The  local  and  general  affections  consequent  upon  septic  processes  in  or 
infection  of  wounds  may  be  thus  briefly  classified. 

I.  The  Effects  of  Putrefaction. — True  Septic  Processes. — The  poison 
is  generated  solely  in  dead  matter,  and  is  associated  with  the  presence  of 
bacteria,  bacilli,  and  micrococci  of  various  forms. 

a.  Local. — Septic  inflammation  and  siqjpuration  dependent  on  the  local 
irritation  caused  by  the  chemical  products  of  putrefaction.  It  is  a  non-infec- 
tive process  (p.  168). 

&.  General. — A  febrile  affection  dependent  upon  the  absorption  of  the 
chemical  products  of  putrefaction  from  the  wound.  It  is  a  non -infective 
process,  and  varies  in  intensity  with  the  dose  of  the  poison.  If  the  dose  be 
small  and  the  period  during  which  absorption  lasts  be  short,  the  resulting 
affection  is  known  as  Septic  Traumatic  Fever  (p.  185)  ;  if  the  dose  be  small 
and  absorption  continue  for  months,  it  gives  rise  to  Hectic  Fever  (p.  238). 
If  the  dose  be  very  large  and  rapidly  absorbed  it  may  be  speedily  fatal,  the 
affection  then  forming  one  variety  of  septicemia — Sep)tic  Poisoning — or  Septic 
Intoxication,  or  as  it  is  sometimes  called  Saprcemia. 

II.  Infective  Processes. 

1.  Local  Processes  leading  to  a  Spreading  Bestructiou  of  tlie 
Affected  Tissues. 

a.  Wound-diplitlieria. — This  name  has  been  applied  by  the"  Germans  to  a 
superficial  infective  process  usually  attacking  granulating  sores.  The  sm-face 
becomes  covered  with  an  opaque  tough  membranous  layer,  beneath  which 
progressive  destruction  of  the  granulations  takes  place.  There  is  febrile 
disturbance,  but  no  specific  constitutional  affection  accompanying  it.  It  is 
contagious,  and  is  associated  with  the  growth  of  micrococci. 

1.  Hospital-Gangrene.^ — A  rapidly  spreading  gangrenous  inflammation, 
attacking  recent  or  granulating  wounds.  The  gangrene  follows  closely  on  the 
inflammation,  the  dead  tissues  forming  a  pulpy  adherent  slough.  There  is 
febrile  disturbance,  but  no  specific  infection  of  the  wliole  system.  It  is 
associated  with  the  growth  of  micrococci,  and  is  intensely  contagious. 

c.  Spreading  Traumatic  Gangrene. — An  acute  rapidly  spreading  inflam- 
mation terminating  in  deatli  of  tlie  affected  tissues.  The  inflammation  extends 
a  considerable  distance  beyond  the  dead  tissues,  and  the  gangrenous  process  is 
accompanied  by  the  evolution  of  gas  and  offensive  decomposition.    IMiere  is 
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constitutional  disturbance  of  the  type  of  septic  poisoning,  but  there  is  no 
evidence  of  a  general  specific  infection  of  the  blood.  It  is  associated  with 
the  presence  of  rod-shaped  organisms,  but  is  not  known  to  be  contagious. 

d.  Phlegmonous  Erysipelas.— An  acute  rapidly  spreading  inflammation 
of  the  subcutaneous  areolar  tissue,  secondarily  affecting  the  skin.  It  is 
accompanied  by  very  abundant  exudation,  and  the  gangrene  that  complicates 
it  seems  to  be  due  chiefly  to  the  tension  caused  by  this.  So  far  as  is 
laiown  it  is  not  accomiDanied  by  any  specific  infection  of  the  sj'stem,  and  its 
contagiousness  is  doubtful.  It  is  associated  with  the  presence  of  micrococci 
in  chains  (streptococcus). 

e.  Cutaneous  Erysipelas.— An  acute  infective  disease  characterized  by  a 
superficial  inflammation  spreading  in  the  skin  from  the  wound,  and  by  a 
general  febrile  disturbance  of  a  specific  character.  It  is  supposed  by  some 
that  the  poison  infects  the  whole  system  as  well  as  the  local  seat  of  inflamma- 
tion, but  this  is  doubtful.  It  is  associated  with  the  presence  of  micrococci  in 
the  affected  skin,  and  according  to  some  observers,  also  in  the  blood. 

2.  General  Infective  Processes. 

a.  Septic  Infection. — An  acute  general  infective  process,  rapidly  termi- 
nating in  death  without  the  development  of  secondary  centres  of  inflammation. 
The  poison  infects  the  whole  system  and  increases  in  it,  the  fatal  result  being 
apparently  directly  due  to  alteration  in  the  blood  consequent  upon  the 
development  of  the  virus  in  it.  The  local  affection  may  be  insignificant.  The 
disease  is  rare  in  man.  In  animals  it  is  easily  induced  experimentally,  and  in 
them  is  always  found  to  be  associated  with  a  definite  organism  in  the  blood, 
differing  in  different  species.  It  is  most  intensely  contagious.  By  many 
writers  it  is  spoken  of  as  septiccemia,  its  name  being  derived  from  the  fact 
that  in  animals  it  is  capable  of  being  caused  by  the  injection  of  small  doses 
of  putrid  matter  under  the  skin.  The  term  sejjtic  infeciion  is  here  used  to 
distinguish  it  from  septic  poisoning  caused  by  the  chemical  products  of 
putrefaction,  which  by  many  writers  is  also  spoken  of  as  "  septicaemia." 

l.  Pyaemia. — A  general  infective  process,  almost  invariably  starting  from 
a  wound  which  has  reached  the  stage  of  suppuration  ;  hence  its  name.  It 
is  characterized  by  the  formation  of  secondary  centres  of  inflammation  and 
suppuration  disseminated  throughout  the  body.  It  is  associated  with  the 
presence  of  micrococci  in  the  blood  and  in  the  secondary  centres  of  inflamma- 
tion. It  is  believed  to  be  contagious.  It  presents  several  varieties,  which 
win  be  described  when  treating  of  the  disease. 

In  actual  practice  it  will  be  found  that  the  distinction  between  these 
various  affections  is  not  always  clearly  defined,  and  this  has  given  rise  to  the 
view  that  some  of  them  at  least  are  merely  modifications  of  one  disease. 
This  apparent  confusion  may,  however  be  equally  wcU  explained  by  the 
co-existence  of  more  than  one  form  in  the  same  case.  Thus  a  patient  may 
suffer  fi-om  phlegmonous  erysipelas  Avith  sloughing  of  the  subcutaneous  areolar 
tissue,  decomposition  of  the  sloughs  may  follow  and  give  rise  to  septic 
poisoning,  and,  finally,  death  may  take  place  from  pytemia. 

It  is  impossible  here  to  discuas  fully  the  evidence  for  and  against  the 
theory  of  the  fungoid  origin  of  these  diseases.  It  is  supported  by  the  presence 
of  microscopic  organisms  in  the  local  area  of  inflammation  and  in  the  blood, 
which  has  been  so  frequently  observed  in  man,  and  by  the  universal  presence 
of  such  organisms  in  similar  diseases  artificially  induced  in  animals  ;  and  also 
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by  the  fact  that  in  analogous  diseases  in  animals  and  in  erysipelas  in  man,  the 
organism  to  wliich  the  poison  is  supposed  to  be  due  has  been  cultivated  in 
suitable  media  out  of  the  body  for  many  generations,  and,  finally,  when 
inoculated  on  a  fresh  subject,  has  given  rise  to  the  original  specific  disease. 
There  is  abundant  evidence  also  to  show  that  in  many  of  these  diseases  the 
poison  is  particulate  and  not  in  solution,  and  that  it  is  destroyed  by  those 
agents,  whether  physical  or  chemical,  which  are  inimical  to  the  lower  forms 
of  vegetable  life.  The  close  analogy,  moreover,  between  some  of  these 
processes  and  splenic  fever,  in  which  the  bacillus  anthracis  is  undoubtedly, 
directly  or  indirectly,  the  cause  of  the  disease,  tends  to  support  this  view. 
Further,  to  many  pathologists  the  hypothesis  of  a  living  virus,  a  contagium 
vivum,  explains  more  rationally  than  any  other  theory  the  increase  of  the 
poison  in  the  living  body  by  a  process  resembling  fermentation,  its  durability, 
and  its  evident  dependence  on  favourable  conditions,  not  only  in  the  wound 
or  in  the  individual  but  in  his  surroundings,  in  the  time  of  year,  the  character 
of  the  season  or  climate,  and  many  other  circumstances.  Lastly  those  modes 
of  preventing  these  diseases  which  are  the  outcome  of  the  application  of  the 
hypothesis  of  a  contagium  vivum  to  surgical  practice  have  so  far  been  the 
most  successful. 

The  chief  arguments  urged  against  it  are  the  following.  In  the  first  place, 
in  the  human  subject  many  observers  have  failed  to  detect  the  presence  of 
organisms  in  these  diseases.  The  constancy,  however,  with  which  they  have 
been  found  has  of  late  years  been  steadily  increasing  with  the  improved 
methods  of  observation  introduced  by  Weigert,  Koch,  and  others  ;  so  much  so 
that  this  objection  is  becoming  of  little  weight.  It  has  also  been  urged  that 
many  processes,  dissimilar  in  every  respect,  are  found  to  be  associated  with 
the  presence  of  organisms  apparently  perfectly  similar.  Thus  micrococci  are 
found  in  a  simple  acute  abscess,  in  diphtheria,  in  erysipelas  and  in  pyemia ; 
but  with  bodies  of  such  extreme  minuteness  diiferences  may  readily  exist 
which  it  is  beyond  our  power  to  recognize.  Cohn,  while  referring  to  this 
question,  called  attention  to  the  external  similarity  of  the  sweet  and  bitter 
almond,  which  yet  differ  from  each  other  so  widely  in  their  chemical  pro- 
perties. A  much  more  important  objection,  which  is  pointed  out  by  Koch 
himself,  is  that  in  many  cases  in  the  human  subject  the  number  of  micro- 
scopic organisms  found  has  been  singularly  small,  so  small  in  fact  as  to  make 
it  difficult  to  understand  how  they  could  be  the  cause  of  such  grave  disease. 
Lastly,  it  has  been  maintained  that  the  microscopic  organisms  are  merely  an 
accidental  accompaniment  of  the  process  and  not  the  cause,  or  that  at  most 
they  serve  merely  as  carriers  of  the  virus  and  are  not  the  producers  of  it.  It 
is  difficult  to  refute  this  assertion  with  the  means  at  present  at  our  command. 
When,  however,  as  in  the  case  of  erysipelas,  the  organism  may  be  cultivated 
for  twenty  generations  out  of  the  body  in  an  artificial  medium,  and  finally, 
on  being  inoculated  on  another  individual  will  produce  a  genuine  attack  of 
the  disease,  it  seems  difficult  to  regard  it  as  other  than  an  essential  factor  in 
the  production  of  the  specific  inflammation. 

It  must  be  acknowledged  therefore,  that,  although  it  is  highly  probable 
that  all  the  diseases  in  this  group  arise  directly  from  the  action  of  micro- 
scopic fungi,  the  evidence  is  not  as  yet  sufficient  to  furnish  in  every  case 
demonstrative  proof  of  the  truth  of  this  theory. 

Supposing,  however,  tliat  the  fungoid  theory  of  infective  processes  in 
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Avounds  M'ere  proved  beyond  a  doubt,  it  would  iu  no  way  disprove  the  facts 
previously  kuowu  as  to  the  influence  of  bad  hygienic  conditions  in  the  develop 
ment  of  these  diseases.  The  experience  of  generations  of  Surgeons  has  taught 
us  that,  although  inflammation  and  suppuration  with  febrile  disturbance 
result  from  contact  with  the  raw  surfaces  of  wounds  of  such  simple  septic 
products  as  must  form  in  all  dead  tissues  or  putrescible  animal  fluids  exposed 
to  the  ordinary  air  of  a  dwelling-house,  the  graver  infective  processes  are  of 
exti-eme  rarity  in  cases  treated  in  pure  air  and  in  the  isolation  of  a  private 
house.  On  the  other  hand,  it  has  been  established  incontestably  that  if  the 
cubic  capacity  of  a  ward  be  taken,  and  the  rate  of  ventUatiou  throuo-h  it 
determined,  a  Surgeon  may  with  certainty  foretell  how  many  suppuratm<r 
wounds  it  will  require  in  the  absence  of  antiseptic  treatment  to  generate  infec- 
tive disease  in  it. 

Thus,  although  in  the  prevention  of  these  diseases  the  use  of  antiseptics 
must  take  the  first  place  as  attacking  the  evil  at  its  source,  a  strict  attention 
to  the  laws  of  hygiene  as  regards  cubic  space,  ventilation,  and  general  cleanli- 
ness, is  also  necessary  to  exclude  those  accessory  conditions  that  favour  its- 
development.  By  these  means  combined  all  this  group  of  diseases  can  ]je 
prevented  ;  their  occurrence  is  the  result  in  almost  aU  cases  of  some  definite 
error  in  the  treatment  of  the  wound,  or  of  some  infringement  of  sanitary  rules. 
They  are  not  accidental ;  they  are  preventable  and  ought  to  be  prevented! 
Should  a  case  arise,  our  knowledge  of  the  nature  of  the  diseases  shows  clearly 
how  they  may  be  carried  from  one  individual  to  another,  and  efficient  means 
to  prevent  their  spread  should  at  once  be  adopted. 

The  whole  subject  of  the  relation  of  these  diseases  to  general  hygienic 
conditions  has  already  been  discussed  (pp.  8  et  seq.),  and  need  not  be  forther 
considered  here.* 

WOXJND-DIPHTHERIA. 

This  name  has  been  applied  by  French  and  German  writers  to  an  unhealthy 
condition  assumed  by  granulating  wounds  or  sores,  in  which  they  become 
covered  by  an  opaque,  white,  or  yeUowish-white  membranous  layer  closely 
resembhng  the  false  membrane  of  diphtheria.  By  English  Surgeons  it  has 
more  commonly  been  described  as  a  mild  form  of  phageda^nic  ulceration.  It 
arises  invariably  in  connection  with  decomposing  discharges,  and  is  not  un- 
common in  wounds  over  which  urine  is  flowing.  The  granulating  sore  which 
may  have  been  in  a  healthy  and  heahng  condition  up  to  the  time  of  the 
attack,  becomes  dark  in  colour,  and  here  and  there  small  heemoiThages  may 
be  noticed  amongst  the  granulations.  The  healthy  discharge  of  pus  ceases, 
and  is  replaced  by  a  very  slight  serous  exudation.  Then  an  opaque  white 
patch  appears  and  soon  spreads  over  the  surface.  The  suiToundiug  skin 
becomes  reddened  and  slightly  swollen,  the  edges  are  raised  and  sharply  cut. 
and  the  sore  may  slowly  spread  and  deepen.  The  opaque  white  layer  on  the 
surface  is  difficult  to  remove,  but  if  a  small  piece  be  i)eeled  ojBP  and  examined 

*  Tliose  who  more  fully  to  study  the  patlioloKj- of  these  diseases,  should  read  Koch  ou  Tnininatic 
liifective  Diseases  of  Wounds,  trauslntod  by  W.  W.  Cheyue,  for  the  now  Svdcnhani  Society,  and  Micm- 
larasite.s  in  Disease  (New  Sydenham  Soeiety,  18S0),  and  Klein's  Micro-Orgnnisnis  and  Disease  (JIai  niillaii. 
IS.S'I).  An  excellent  summary  of  the  relation  of  sei)tic  bacteria  to  disease,  bvVictorHorsley,  will  be  found  in  tlie 
licport  of  th(!  Medical  Olllcer  of  the  Privy  Council  for  1,SS2.  Thv  niost'comi>lete  worli  en  .Sci)tic.Tniia  and 
I'yic  iiiia  IS  tliat  by  C'nrl  Gusscnbaucr.  In  this  will  be  found  a  cafalomie  of  the  literature  and  a  complete 
history  of  the  Huhjcct  uj)  to  18S2. 
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iiiicroscopically  it  will  be  found  to  be  composed  of  the  superficial  layers  of  the 
granulation-cells  which  have  perished  and  become  finely  granular,  mixed  with 
a  coagulated  exudation.  Throughout  the  whole  layer  are  abundant  micrococci, 
singly,  in  chains,  and  in  colonies.  There  is  usually  some  slight  febrile  disturb- 
ance, and  the  nearest  lymphatic  glands  are  swollen. 

Causes.— This  unhealthy  process  is  always  the  consequence  of  local  neglect 
of  cleanhness  and  general  imperfection  of  hygienic  arrangements.  It  may 
alfect  several  wounds  in  a  ward,  but  its  contagiousness  is  not  very  clearly 
marked,  and  it  frequently  occurs  in  isolated  cases.  It  has  no  relation  to 
diphtheria.  It  is  true  that  a  similar  unhealthy  condition  has  been  observed 
in  wounds  when  the  patient  has  been  attacked  by  genuine  diphtheria  ;  but 
the  constitutional  condition  is  then  entirely  different.  Diphtheritic  inflamma- 
tion in  the  throat  does  not  lead  to  the  progressive  destruction  of  tissue 
I  ibserved  in  the  so-called  wound-diphtheria.  Wound-diphtheria  is  much  more 
nearly  alhed  to  hospital-gangrene  ;  in  fact,  the  term  is  extended  by  many 
writers  on  the  Continent  to  that  process,  the  aftection  here  described  being 
regarded  as  the  mildest  form  of  the  same  disease.  It  is  well,  however,  to 
separate  the  process  above  described  from  genuine  hospital-gangrene,  on 
accomit  of  its  less  evident  contagiousness  and  its  comparatively  harmless 
character. 

Treatment. — This  is  very  simple.  It  is  only  necessary  to  apply  some 
strong  antiseptic  lotion,  such  as  chloride  of  zinc  (gr.  40  to  carbolic  acid 
( 1  in  20),  or  the  smface  may  be  rubbed  over  with  solid  nitrate  of  silver  or 
sulphate  of  copper.  Wlien  a  wound  assumes  this  condition  the  hygienic  sur- 
roundings of  the  patient  should  be  carefully  investigated,  and  any  faults  of 
ventilation,  cleanliness  or  di-ainage  corrected.  In  the  mildest  cases  dusting 
the  surface  with  iodoform  may  be  sufficient  to  arrest  the  unhealthy  process. 

HOSPITAL  GANaBENE. 

This  affection  is  also  known  by  the  names  of  contagious  or  pulpy  gangrene, 
ur  sloughing  phagedteua,  and  by  some  French  and  German  writers  the  term 
w  ound-diphtheria  is  extended  to  it.  It  is  characterized  by  a  rapidly  destruc- 
tive and  spreading  infective  inflammation,  the  affected  wound  becoming- 
covered  by  an  adherent  slough  as  the  process  extends.  It  attacks  open  sores 
and  wounds.  It  is  rarely  met  with  in  its  fullest  extent,  except  in  military 
practice ;  the  accumulation  of  a  large  number  of  wounded  persons  with  foul 
suppurating  sores  under  one  roof,  and  the  want  of  proper  cleanliness  and 
attention  during  an  active  campaign,  disposing  to  it.  It  used  formerly  to 
desolate  the  civil  hospitals ;  but,  owing  to  the  use  of  antiseptics  locally  and 
to  the  general  sanitary  measures  now  adopted  in  these  institutions,  it  has 
practically  disappeared  from  them.  The  occurrence  of  this  foul  disease  is  of 
itself  condemnatory  of  the  sanitary  aiTangements  of  the  hospital  in  which  it 
is  developed,  and  in  the  present  state  of  our  knowledge  is  inexcusable. 

Local  Signs. — When  hospital  gangrene  invades  a  wound  or  open  sore 
that  has  hitherto  been  perfectly  healthy,  grey  soft  points  of  slough  appear 
upon  it,  which  rapidly  spread,  until  the  whole  of  the  surface  is  affected.  At 
the  same  time  the  sore  increases  rapidly  in  snperficial  extent,  and  commonly 
in  depth;  the  surrounding  integument  becomes  ocdematous,  swollen,  and  of 
u  livid  red  colour;  the  edges  of  the  ulcer  are  everted,  sharp-cut,  and  assume  a 
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circular  outline ;  and  its  surface  is  covered  with  a  thick  pulpy  greyish-greeu 
tenacious  mass,  which  is  so  firmly  adherent  that  it  cannot  bo  wiped  off 
being  merely  moved  or  swayed  to  and  fro  when  an  attemjjt  is  made  to 
remove  it.  .There  is  usually  some  dirty  yellowish-green  or  brownish  dig- 
charge,  and  occasionally  some  bleeding ;  the  pain  is  of  a  severe  burning, 
stinging,  and  lancinating  character  ;  and  the  foetor  from  the  surface  is  great! 
The  ravages  of  this  disease,  when  fully  developed,  are  very  extemsive.  The 
soft  parts,  such  as  the  muscles,  areolar  tissue,  and  vessels,  are  transformed 
into  a  grey  pulpy  mass,  and  the  bones  are  denuded  and  necrosed.  The  larger 
blood-vessels  resist  the  progress  of  the  disease  longer  than  any  other  parts,  but 
may  at  last  be  exposed,  pulsating  at  the  bottom  of  the  deep  and  foul  chasm. 
There  is,  however,  little  risk  of  hgemorrhage  in  the  early  stages  :  but,  when  the 
sloughs  are  separating,  an  artery  may  give  way,  and  bleeding  to  a  dangerous  or 
fatal  extent  ensue.  Hennen  states  that  there  is  most  danger  of  this  about  the 
eleventh  day.  When  the  sloughs  are  thrown  off,  in  the  form  of  reddish-brown 
or  greyish-green,  viscid,  and  pulpy  masses,  a  very  sensitive  granulating  smface 
is  left,  having  a  great  tendency  to  bleed,  and  to  be  again  invaded  by  the 
gangrenous  process. 

Blackadder  has  describe  a  form  of  this  affection,  in  which  a  vesicle  con- 
taining a  bloody  ichor  forms,  with  a  hot  stinging  pain  ;  this  breaks,  leaving  a 
circular  ulcer  of  about  the  size  of  a  split  pea.  The  ulcer  once  formed,  rapidly 
extends  by  sharp-cut  edges  into  the  surrounding  integument. 

^  On  the  two  occasions  on  which  I  have  have  had,  in  former  years,  the  opportu- 
nity of  witnessing  outbreaks  of  this  disease  in  University  College  Hospital,  the 
surface  of  the  wounds  affected  became  rapidly  covered  with  a  yellowish-gi-ey 
pultaceous  slough.  In  some  cases  there  was  hsemon-hage,  but  most  commonly 
only  a  small  quantity  of  foetid  discharge  was  poured  "out ;  the  edges  of  the 
sore  became  sharp-cut  and  defined,  and  the  ulceration  extended  further  m 
the  skin  by  an  eighth  or  a  .quarter  of  an  inch  than  in  the  subjacent  areolar 
tissue.  In  most  instances  the  disease  was  confined  to  the  skin  and  areolar 
tissue,  exposing  but  not  usually  invading  the  muscles  and  bones,  though 
in  some  cases  these  were  affected.  The  ulcers  were  somewhat  cu-cular,  and 
were  sm-rounded  by  dusky  inflamed  areote  of  some  width.  When  once  the 
morbid  process  was  stopped,  they  cleaned  rapidly,  throwing  out  large  vascular 
granulations. 

_  Constitutional  Symptoms.— In  the  early  stage  there  may  be  active  febrile 
disturbance,  with  high  temperature  and  quick  pulse.  But  these  soon  subside 
into  symptoms  of  prostration.  In  the  majority  of  cases  they  follow  the  local 
invasion  of  the  sore  ;  Blackadder,  Eollo,  Delpech,  and  Wellbank  have  all 
found  this  to  be  the  case,  and  in  the  instances  at  Ujiiversity  College  Hospital 
it  certainly  was  so.  Hennen  and  Thomson,  on  the  other  hand,  state  that  the 
constitutional  symptoms  precede  the  local.  In  this  I  believe  them  to  be 
in  en'or.  They  have  confounded  that  state  of  ill  health  which  occurs  in  the 
wounded  who  are  confined  in  the  foul  and  reeking  atmosphere  of  an  overcrowded 
military  hospital,  and  which  predisposes  to  the  invasion  of  hospital -gangrene, 
with  the  symptoms  produced  by  the  jjliagedaana  itself. 

Causes. — All  wounds  and  sores  are  liable  to  be  attacked  in  this  way,  but 
the  disease  most  frequently  affects  those  that  arc  of  recent  origin.  Hutchin- 
son believes  that  it  is  specially  prone  to  originate  in  syphilitic  subjects. 
The  experience  of  many  wai'S  has  led  incontestably  to  the  conclusion  that 
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hospital-gangrene  will  certainly  be  developed  amongst  the  wounded  if  they  are 
ago-regated  in  too  large  numbers  iinder  one  roof,  however  large  may  be 
the  building  ;  whilst,  amongst  the  wounded  who  are  treated  in  the  open, 
or  in  "  hut-hospitals  "—mere  temporary  sheds— it  is  all  but  unknown.  In 
many  German  hospitals  in  which  it  was  fonnerly  of  very  frequent  occur- 
rence, it  has  been  entirely  excluded  by  the  adoption  of  antiseptic  methods  of 
treating  wounds,  all  other  conditions  remaining  unchanged.  It  is  evident, 
therefo?e,  that  the  disease  is  primarily  due  to  two  causes,  the  overcrowding  of 
patients  in  a  ward  and  the  putrefaction  of  the  discharges  from  their  wounds. 
The  air  is  thus  contaminated  by  the  products  of  respiration,  the  exhalations 
from  the  bodies  and  excreta  and  the  efBuvia  from  the  decomposing  animal 
matter,  while  the  wounds  themselves  are  rendered  prone  to  suffer  from  the 
infection  by  the  irritation  of  the  septic  discharges  in  which  they  are  bathed. 
I  beheve  that  the  disease  may  at  any  time  be  produced  by  overcrowding  of 
patients  with  suppurating  wounds  in  the  same  Avard  or  room.  The  last  out- 
break that  occiuTed  at  University  College  Hospital,  more  than  twenty-five  years 
ago,  was  evidently  due  to  this  cause.  In  one  of  my  wards,  which  is  intended 
to  contain  15  or  16  patients  only,  owing  to  accidental  and  unavoidable  cu'- 
cumstances,  21  patients  were  admitted,  and  slept  for  one  night,  many  of  them 
having  suppurating  wounds.  The  result  was  an  outbreak  of  hospital-gangrene, 
which  spread  through  the  institution,  and  was  most  serious  and  persistent. 
But  though  it  commonly  has  its  origin  in  this  way,  especially  in  the  crowding 
of  military  hospitals  after  a  hard-fought  action,  it  is  met  with  out  of  hospitals. 
Well-marked  cases  of  this  affection,  some  of  a  very  severe  character,  ^  have  at 
times  occurred  amongst  the  out-patients  of  University  College  Hospital.  In 
these  cases,  as  in  many  others,  it  is  probable  that  the  disease  was  occasioned 
by  the  neglect  of  hygienic  conditions,  in  the  close  and  ill-ventilated  houses  of 
the  poor,  aided  possibly  by  some  atmospheric  or  epidemic  influence  ;  erysipelas 
and  phlebitis  being  also  very  prevalent  at  the  time.  This  had  been  observed 
during  the  first  occurrence  of  the  disease  at  our  Hospital,  in  1841  ;  and 
it  is  impossible  not  to  recognize  a  similarity  of  cause  in  these  different 
affections.  Hospital-gangrene  is  highly  contagious,  and  when  once  it  has 
broken  out  it  Avill  readily  spread  from  patient  to  patient  by  contact  with 
nurses'  or  Surgeons'  fingers,  instruments,  dressings,  and  above  all  if  the 
pernicious  custom  of  using  sponges  in  cleaning  sores  be  adopted.  It  is  im- 
possible to  be  too  careful  in  these  respects.  It  may  also  be  carried  by  the  air, 
and  thus  be  said  to  be  "  infectious." 

Pathological  Anatomy. — The  slough  is  composed,  of  the  tissues  of  the 
part  infiltrated  with  inflammatory  products,  the  fluids  having  undergone 
coagulation.  The  individual  cells  are  not  recognizable,  the  whole  presenting 
a  finely  granular  appearance.  When  stained  and  properly  prepared,  innumer- 
able micrococci  are  seen  amongst  the  granules  ;  they  are  in  colonies  or 
chains,  or  single.  Th^  perishing  tissues  immediately  beneath  the  slough  are 
infiltrated  with  migrating  cells,  which  press  upon  the  vessels,  some  of  which 
are  obliterated,  and  others  filled  with  clots.  Micrococci  are  recognizable  in 
this  region  also,  and  are  almost  certainly  directly  concerned  in  causing  the 
unhealthy  process.  Koch  succeeded  in  inducing  in  mice  a  gangrenous 
process  closely  resembling  hospital-gangrene  by  the  inoculation  of  a  form 
of  micrococcus  which  showed  a  regular  mode  of  growth  in  chains.  The  infec- 
tive process  was  purely  local,  death  occurring  without  infection  of  the  blood. 
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The  micrococci  were  originally  obtained  from  putrid  blood,  but  subsequent 
inoculations  from  one  animal  to  another  were  constantly  followed  by  the  same 
form  of  gangrenous  inflammation,  and  the  de^'elopment  of  the  same  definite 
form  of  micrococcus. 

A  J^^^^TJiENT.— The  preventive  treatment  of  hospital  gangrene  may  be 
deduced  fi-om  a  consideration  of  the  causes  that  give  rise  to  it.  The  experience 
of  many  German  surgeons,  and  especially  Nusslmum,  of  Munich,  has  shown 
that  by  the  introduction  of  the  antiseptic  treatment  the  disease  has  been  banished 
from  hospitals  m  which,  owing  to  faulty  hygiene,  it  formerly  existed  to  a  fearful 
extent.    On  the  other  hand,  it  had  been  practically  banished  from  English 
hospitals  by  attention  to  ordi-nary  cleanliness,  and  general  hygienic  rules  as  to 
cubic  space  per  patient,  ventilation,  drainage,  &c.,  long  before  the  introduction 
of  antiseptic  surgery.  Still,  up  to  twenty  years  ago  it  did  occasionally  break  out 
from  temporary  overcrowding,  or  from  the  accidental  presence  of  an  unusual' 
number  of  large  suppurating  wounds  in  a  ward.    Now  it  is  unknown  in  any 
properly  managed  ciTil  hospital.    In  military  practice  antiseptic  treatment  is 
often  impossible,  and  overcrowding  unavoidable.    The  disease  may  then  be 
prevented  almost  to  a  certainty  by  treating  the  wounded  under  canvas  in 
"  hut-hospitals,"  or  in  the  open.    Should  it  break  out,  the  building  in  which 
it  has  developed  itself  should  at  once  be  abandoned  or  destroyed.    The  spread 
of  this  fell  disease  may  be  prevented  by  at  once  isolating  the  affected  patient, 
treating  him  in  the  open,  putting  him  as  it  were  in  quarantine,  aUo^ving  no 
contact  between  his  attendants  and  other  patients.    Should  it  have  broken 
•out  m  a  civil  hospital,  the  first  point  to  attend  to  is  to  prevent  the  extension  of 
the  disease  to  patients  who  are  not  as  yet  affected.    This  may  be  done  by 
separating  those  who  have  been  seized  with  it  from  the  healthv,  by  preventincr 
overcrowding  of  the  hospital,  ventilating  the  wards,  washing  the  floors  with  a 
solution  of  chloride  of  zinc,  whitening  the  waUs,  and  fumigating  the  apartment 
with  chlorine  gas. 

Local  Treatment.— The  first  step  in  the  local  treatment  is,  to  clean  awav 
the  slough  till  the  living  tissues  are  exposed,  the  patient  being  under  the  in- 
fluence of  an  anesthetic.   This  must  be  done  by  means  of  scissors  and  forceps, 
by  scraping  with  a  sharp  spoon  or  spatula,  and  by  forcibly  rubbing  the  surface 
with  a  sponge  or  a  piece  of  tow.    The  metal  instruments  used  for  this  purpose 
must  afterwards  be  disinfected  by  being  held  in  the  flame  of  a  spirit  lamp,  or 
put  m  a  bath  of  carbolic  lotion  (1  in  20)  ;  the  sponge  or  tow  must  be  imme- 
diately hwxnt.  The  raw  surface  must  then  be  freely  cauterized  by  the  application 
of  fuming  nitric  acid,  chloride  of  zinc,  or  the  actual  cautery.'  I  prefer  nitric 
acid,  if  strong  and  freely  applied,  the  surface  and  edges  being  well  sponged 
with  it.    The  actual  cautery  is,  however,  very  useful  in  those  cases  in  which 
the  surface  to  be  destroyed  is  very  extensive,  or  if  there  be  a  tendency  to 
haemorrhage.    Should  it  not  reach  the  deeper  portions  of  the  sore,  nitric  acid 
may  be  freely  sponged  into  them.    It  is  important  to  bear  in  mind  that  these 
escharotic  applications  will  be  fruitlessly  expended  in  charring  the  tenacious 
grey  pulpy  slough,  unless  this  have  been  previously  cleared  away.    After  the 
application  of  the  caustic,  the  parts  may  be  dressed  with  carbolic  oil,  terebene 
and  oil,  or  some  moist  antiseptic  dressing.    The  German  Surgeons,  who  until 
recently  had  unusual  opportunities  of  studying  this  affection,  mostly  prefen-ed 
chloride  of  zinc.    Konig  recommends  the  following  treatment.    The  sloughs 
having  been  cleared  away,  the  surrounding  skin  must  be  washed  with  carbolic 
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,acid  lotion  (1  in  20),  or  chloride  of  zinc  (20  gr.  to  Sj).    Some  dry  chloride  of 
Izinc  is  then  moistened  with  water  till  it  dissolves  into  an  oily  hquid  ;  cotton- 
,wool  soaked  in  this  is  laid  on  the  raw  surface,  and  pushed  into  any  irregular 
JhoUows  or  cavities  of  the  wound,  and  allowed  to  lie  there  for  from  five  to 
I  twenty  minutes,  according  to  the  severity  of  the  case.   It  is  then  removed,  and 
.some  efficient  form  of  antiseptic  dressing  applied.    The  pain  is  usually  severe, 
>and  a  hypodermic  injection  of  morphia  should  be  given  to  relieve  it.  ihe 
.slouo-h  formed  by  the  chloride  of  zinc  will  separate  in  from  three  to  ten  days, 
leavTng  a  healthy  granulating  surface  beneath,  which  may  be  treated  on 
ordinary  principles.    In  military  practice,  in  which  alone  it  is  probable  that 
hospital-gangrene  will  be  met  with  in  the  future,  chloride  of  zmo  is  by  far  the 
most  convenient  caustic,  as  it  is  carried  in  the  solid  state,  wh^le  ftimmg  mtric 
1  acid  is  dangerous  and  difficult  to  transport. 

Should  arterial  Mviorrhage  occur,  it  may  be  arrested  by  the  apphcation  ot  a 
ligature  to  the  bleeding  point ;  but  if  this  do  not  hold,  as  will  probably  be  the 
^  case  owing  to  the  softened  state  of  the  tissues,  the  actual  cautery  must  be 
applied  ;  or  the  limb  must  be  removed  if  all  other  means  fail. 

In  some  cases,  though  the  sloughing  is  checked  at  one  part  of  the  sur- 
face, it  has  a  tendency  to  spread  at  another.    When  this  is  the  case,  ifc  may 
be  necessary  to  apply  the  caustic  or  cautery  repeatedly.    In  other  instances, 
the  sloughing  cannot  be  stopped,  but  opens  large  arteries,  and  destroys 
the  greater  part  of  the  soft  tissues  of  a  limb  ;  and  then  it  may  be  a  question 
whether  amputation  should  be  performed  during  the  spread  of  the  disease,  or 
the  patient  left  to  die  of  hemorrhage  or  exhaustion.    Such  a  contingency  is 
not  of  common  occurrence  :  yet  it  may  happen  and  the  operation  be  successful 
as  appears  from  the  following  case,  though  there  would  necessarily  be  great 
danger  of  a  recm-rence  of  the  disease  in  the  stump.    The  wife  of  a  butcher 
applied  at  the  Hospital,  with  a  slight  wound  of  the  forearm,  inflicted  by  a  foul 
hook.    It  was  dressed  in  the  ordinary  way,  but  in  the  course  of  a  few  days 
she  returned  with  extensive  sloughing  phagedena  of  the  part.   She  was  imme- 
diately admitted,  and  the  disease  was  arrested  by  the  energetic  employment  of 
the  local  treatment  above  described  ;  not,  however,  until  after  considerable 
destruction  of  the  tissues  on  the  inside  of  the  forearm  had  taken  place.  She 
left  the  Hospital  before  the  wound  was  completely  cicatrized,  and  returned  m 
a  few  days  with  a  fresh  attack  of  the  disease,  more  extensive  and  severe  than 
the  fii-st,  which  could  not  be  permanently  stopped,  either  by  the  actual  cautery 
or  by  nitric  acid.    The  radial  artery  was  opened  and  required  hgature,  and 
the  whole  of  the  soft  parts,  from  the  wrist  to  the  elbow,  were  totally_  dis- 
organized, and  the  bones  exposed.    There  was  now  very  severe  constitutional 
disturbance,  and  the  case  was  evidently  fast  hastening  to  a  fatal  termination. 
In  these  circumstances  I  amputated  the  arm  midway  between  the  shoulder  and 
elbow  ;  and,  notwithstanding  that  the  local  disease  was  progressing  at  the 
time  of  the  operation,  and  the  great  constitutional  disturbance  that  existed, 
the  patient  having  a  pulse  of  160  to  170,  at  which  it  continued  for  more  than 
a  fortnight,  she  made  a  good  recovery  ;  to  which  the  free  administration  of 
quinine  and  stimulants  greatly  contributed. 

The  Constitutional  Treatment  consists  in  as  nourishing  a  diet  as  the 
patient  will  take,  with  a  liberal  supply  of  stimulants ;  and  these  may  be 
increased  by  the  addition  of  the  brandy-and-egg  mixture,  or  of  ammonia,  in 
proportion  as  depression  comes  on.    From  five  to  seven  grains  of  the  sulphate 
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of  quiniue  should  be  given  every  four  or  six  hours,  with  a  full  dose  of  opium 
at  bed-tune,  and  more  frequently  if  there  be  much  pain  and  irritatTon.  ^ 

SPBEADIKG    TRAUMATIC    OR   EMPHYSEMATOUS  GANGRENE. 

Spreading  Traumatic  Gangrene,  Emphysematous  Gangrene  or  the 

!jangrene  foudroyante  of  Maissonnenve,  is,  a  most  acute  and  M  f;™  of 
m^Bctxven.flammation  usually  following  contused  or  lacerated  wound  ,  particu 
larly  when  complicated  with  fractures  or  wheii  opening  a  joint 

Causes.--The  causes  of  the  disease  arc  not  certainly  known.  The  cases 
occm- sporadical  y  and  there  is  no  evidence  of  infection  f^om  ca.e  to  case. 
^  met  with  at  all  ages.  On  examination  of  the  affected  tissues  rod-shaped 
organisms-bac  ena-are  found  in  great  abundance,  and  these  are  doubtfess 
connected  with  the  rapid  formation  of  offensive  gas  in  the  gangrenous  par 
which  forms  so  characteristic  a  feature  of  the  disease.  Thfy  have  ako  been 
found  in  the  blood,  probably  not  in  an  active  state,  but  merely  accidentSy 
^  present.     In  the  great  majority  of 

1^,^  cases  the  wound  from  which  the  gan- 

Iv-f  gfene  has  originated  has  not  onJy  been 

-"^     -5'S0|f*'^  lacerated  but  has  had  mud  or  dirt 


f^^^  4-  v.^^^^""t'' gTOund  into  it,  especially  street  mud. 
'l^«.v  ^'"^  This  is  known  to  contain  rod-sha])ed 


^^-  ■^Iv  organisms,  both  bacilli  and  bacteria, 

f'^  capable  of  setting  up  various  unhealthy 

^  tt'^  ^^^^^       general  processes  if  inoculated 

'^"c^  uM^^ '  on  animals,  and  it  is  veiy  probable  that 

Fig.  350. -Bacteria  cultivated  on  a  potato  from      ^^^^  SOUrce  of  infection  in  CaseS 

a  case  of  emphysematous  gangiene.  of  emphysematous  gangrene.   The  con- 

^  ditions  favourable  for  the  development 

ot  the  disease  are  the  presence  of  the  lacerated  wound  opening  a  cavity  such  as 
a  joint  or  communicating  with  a  crushed  bone.  It  is  especially  liable  to  occur 
It  the  wound  be  injudiciously  closed  by  sutures  M'ithout  proper  drainage  or 
antiseptic  precautions. 

_  It  is  most  common  after  contused  or  lacerated  wounds  of  the  foot  with  con- 
siderable subcutaneous  extravasation ;  it  also  occasionally  foUows  similar 
;  injuries  of  the  hand. 

.  Symptoms.— Spreading  gangrene  always  sets  in  before  suppuration  is 

MM  established,  usually  on  the  second  or  third  day.    At  first  the  svmptoms  appear 

^  to  be  merely  those  of  ordinary  septic  inflammation,  the  result  of  pent-up 

decomposiug  discharges.    There  is  febrile  disturbance  of  the  septic  tvpe ; 
there  are  pam  and  swelling  in  the  wound,  with  a  blush  of  redness  extending 
!  for  some  distance  on  each  side  of  it.   The  true  nature  of  the  affection,  however. 

speedily  becomes  apparent.  The  wounded  limb  at  the  seat  of  injury  swells! 
becomes  dusky-red,  and  the  scat  of  a  deep-seated,  tensive,  burning  jiain.  The 
swelling,  redness,  and  tension  spread  upwards,  and  arc  speedily  followed  by  a 
dusky  purplish  tint,  by  a  soft  doughy  feeling  of  the  parts,  and  in  the  course 
of  a  few  more  hours  by  a  deep  blackish-purple  discoloration,  which  Rjn-eads 
uniformly  and  with  great  ra]iidity  through  all  the  tissues  affected.  This  is 
accompanied  or  immediately  followed  by  emphysematous  crackling,  due  to 
the  presence  of  gases  which  are  developed  by  the  decomposition  of  the  parts 
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■ifctacked  by  the  gangrene.  The  changes  which  are  of  a  putrefactive  nature, 
lirst  develop  in  the  wound  itself,  and  speedily  extend  from  it  to  the  sur- 
loundino-  parts.  That  portion  of  the  hmb  which  is  below  the  gangrenous 
part  becomes  pale,  cold,  and  oedematous.  The  portion  which  is  above 
becomes  rapidly  infiltrated  by  serous  exudation,  which  runs  up  the  inner  side 
,,f  the  limb  to  the  axilla  or  groin,  as  the  case  may  be.  The  part  immediately 
■ibove  the  limit  of  the  tissues  that,  arc  actually  mortified  is  swollen  by  oedema- 
tous infiltration,  tense,  pitting  slightly  on  pressure,  and  usually  of  a  dusky 
'orownish-red  colour;  and  frequently  beyond  the  edge  of  the  advancing 
redness  there  is  a  brownish  discoloration,  apparently  due  to  pigment,  liberated 
bv  the'  breaking  up  of  the  red  corpuscles  in  the  gangrenous  tissues  and 
diffused  beyond  the  area  of  inflammation.  The  process  has  no  tendency  to 
limit  itself  :  the  oedema  and  peculiar  discoloration  extend  higher  along  the 
luner  side  of  the  limb,  where  they  always  first  reach  the  ti-unk.  Emphyse- 
matous craclding  rapidly  spreads  along  the  same  parts,  and  the  gangrene  here 
travels  with  great  rapidity,  hopelessly  involving  the  tissues  and  entering  into 
the  areolar  planes  of  the  axilla  or  groin  in  a  very  few  hours.  As  the  gangrene 
advances,  the  parts  affected  fall  into  a  soft,  pulpy,  black  mass.  On  making 
an  incision  into  the  parts  so  affected,  it  will  be  found  that  the  gangrenous 
inflammation  is  primarily  seated  in  the  areolar  planes  of  the  limb,  and 
that  the  muscles  are  not  affected  in  the  first  instance.  It  will  be  observed 
also  that  the  disease  extends  through  the  areolar  tissue,  the  skin  faUing 
secondarily  into  slough. 

The  constitutional  symptoms  early  assume  the  character  of  acute  septic 
poisoning,  the  patient  sinking  into  a  prostrate  condition,  and  the  temperature 
falhng  below  normal.  Unless  relieved  by  treatment,  death  almost  invariably 
ensues  in  three  or  four  days  after  the  invasion  of  the  disease,  and  always 
shortly  after  the  gangrene  has  reached  the  trunk. 

Treatment.— The  preventive  treatment  consists  in  very  carefully  cleaning 
any  wound  into  which  mud  or  dirt  has  been  ground  with  a  powerful  antiseptic 
fluid,  perchloride  of  mercury  (1  in  500)  perhaps  being  the  best.  Should 
emphysematous  gangrene  appear  the  Surgeon  will  be  placed  in  a  great  diflfi- 
cultv,  whichever  way  he  act.    If  he  trusts  to  constitutional  treatment,  in  the 
hope  of  a  line  of  demarcation  forming,  he  will  certainly  be  disappointed,  the 
gangrene  rapidly  spreading  up  to  the  trunk  ;  and  if  he  amputate,  he  will 
probably  lose  his  patient  by  the  stump  becoming  affected.    Yet  amputation 
should,  in  my  opinion,  be  performed  at  once.    Tor,  although  this  operation  is 
necessarily  very  unfavourable  when  practised  in  these  cases,  yet  it  must  be 
remembered  that,  if  the  Surgeon  wait  for  the  line  of  demarcation  or  trust  to 
other  means  such  as  incisions  or  general  treatment,  the  patient  will  certainly 
(lie.    The  only  chance  of  safety,  then,  hes  in  amputating  early,  and  removing 
the  lunb  high  above  the  part  affected ;  thus,  in  spreading  gangrene  of  the 
arm,  at  the  shoulder- joint ;  and  of  the  leg,  in  the  upper  part  of  the  thigh.  In 
most  cases  it  will  be  found  that  the  infiltration  precursory  to  the  gangrenous 
mischief  runs  up  one  side  of  the  limb — the  inner  or  posterior— to  a  much 
gi-eater  extent  than  the  other.    In  amputating  under  such  circumstances,  the 
Surgeon  may  often  very  advantageously  so  fashion  his  flaps  as  to  exclude  as 
much  as  possible  of  the  affected  part  or  side  of  the  limb,  forming  them 
chiefly  from  that  least  affected.    A  principal  source  of  danger  and  of  death, 
after  amputation  in  these  cases,  is  recurrence  of  the  morbid  condition  in  the 
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stump,  more  particularly  iu  the  lower  extremity.  Out  of  twelve  cases  in 
winch  I  have  sceu  or  done  amputation  for  this  disease  this  recurrence 
happened  m  seven  instances.  Tlie  tendency  will  be  increased  by  the  proximity 
of  the  line  of  amputation  to  the  gangrenous  limit.  But,  even  under  the 
most  unfavourable  circumstances,  recovery  will  sometimes  take  place.  Thus 
I  have  seen  the  flaps  in  amputation  for  spreading  gangrene  infiltrated  with 
gelatinous-looking  fluid,  and  yet  recovery  take  place.  In  a  man  whose  arm 
I  amputated  at  the  shoulder-joint  for  spreading  gangrene  of  the  limb,  the 
mfiltration  had  extended  as  high  as  the  scapula  ;  yet  he  made  a  very  excellent 
recovery.  In  the  lower  extremity  the  liability  to  recun-ence  of  the  gangrene 
IS,  however,  very  much  greater  ;  and  there  can  be  but  very  little  prospect 
of  saving  the  patient  if  the  thigh  have  once  become  reddened  and  infiltrated, 
even  though  the  gangrene  do  not  extend  above  the  knee— invasion  of  the 
stump  ensuing  under  such  circumstances  with  almost  absolute  certainty. 

Much  of  the  success  of  the  case  will  depend  on  the  after-treatment.  This 
must  consist  principally  of  antiseptic  di-essings  to  the  stump,  fuU  doses  of 
hquor  opii,  and  the  early  and  fi-ee  administration  of  stimulants,  more  parti- 
cularly brandy  and  wine ;  attention  to  these  points  will  often  bring  the  patient 
through,  though  usually  not  without  much  diflRculty  and  great  constitutional 
distm-bance. 

It  may  be  stated  generally  in  respect  to  the  whole  group  of  these 
gangrenous  and  infective  diseases  that,  under  the  greatly  improved  hygienic 
conditions  of  the  present  day,  they  are  much  less  frequent  than  formerly  in 
Hospital,  and  are  almost  unknown  in  private  practice.  The  fault  of  their 
occurrence  most  frequently  lies  at  the  door  of  the  Surgeon,  and  not  with  the 
patient. 
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ERYSIPELAS. 

The  term  erysipelas,  or  erysipelatous  inflammation,  is  applied  to  a  group  ot 
infective  inflammatory  processes  affecting  the  skin,  the  subcutaneous  areolar 
tissue  intermuscular  or  subfascial  areolar  tissue,  mucous  membranes  and  sub- 
mucous tissue,  serous  membranes  and  lymphatic  vessels,  and  possessing  one 
feature  in  common,  the  tendency  to  spread  ivith  great  rapiditij  iij  cmiimmty  oj 
/issue,  or  in  other  words,  to  assume  a  "  diffuse  "form.  The  true  pathology  of 
the  erysipelatous  inflammation  is  not  sufiiciently  well  known  to  enable  us  to 
eparate  the  members  of  the  group  distinctly  one  from  another.  They  are 
.ach  due  to  the  action  of  a  virus,  which  infects  the  pai't  attacked,  increases  m 
v^uantity  in  it  by  a  process  analogous  to  fermentation,  and  diffuses  itself  by 
means  of  the  lymph-spaces  and  lymphatic  vessels,  exciting  a  characteristic  form 
of  inflammation  as  it  spreads.  The  virus  most  commonly  enters  the  body  by 
a  wound,  causing  a  local  inflammation  accompanied  by  a  definite  febrile  dis- 
turbance ;  but  some  forms  of  erysipelatous  inflammation  arise  when  no 
wound  exists,  and  it  is  probable  that  in  such  cases  the  poison  enters  the  system 
from  the  alimentary  canal  or  the  respiratory  tract,  and  is  carried  by  the  blood 
to  the  spot  at  which  the  local  inflammation  appears.  There  is  no  evidence 
nf  a  true  general  infection  in  any  of  the  forms  of  erysipelas  ;  it  is  probable 
that  the  virus  may  be  carried  by  the  blood,  but  cannot  multiply  in  it  as  m  a 
true  general  infective  process. 

Erysipelatous  inflammation  may  attack  a  wound  of  any  size  or  of  any  age  ; 
ijut  the  statistics  of  University  College  Hospital  show  that  it  most  commonly 
arises  in  suppurating  wounds,  about  two-thirds  of  the  cases  beginning  after 
the  tenth  day,  and  very  few  before  the  fom^th. 

The  invasion  of  erysipelas  in  all  forms  is  characterized  by  general  malaise 
and  depression,  chilhness,  and  occasionally  actual  rigors,  gastro-intestinal 
disturbance,  accompanied  by  nausea,  and  sometimes  by  violent  vomiting  and 
purging.    Cases  have  been  recorded  in  which  the  first  symptoms  have  been 
convulsions  of  an  epileptiform  character.    During  the  chilliness  the  tempera- 
ture rises  to  103°  or  104°  F.  ;  but  the  rise  does  not  show  the  fluctuations 
common  in  pysemia.    The  constitutional  disturbance,  although  usually  at 
first  sthenic,  very  speedily  runs  into  an  asthenic  type,  presenting  in  severe 
cases  the  usual  typhoid  symptoms— a  quick  feeble  pulse,  brown  tongue, 
pungent  hot  skin,  and  muttering  delirium.    The  disease  is  essentially  an 
affection  of  debihty.    This  view  of  the  nature  of  the  constitutional  dis- 
turbance in  erysipelas  is  of  great  importance  in  reference  to  the  treatment  of 
the  disease,  as  it  demonstrates  the  necessity  of  not  lowering  the  patient's  powers 
too  much  during  the  early  period  of  the  affection,  when  it  often  temporarily 
assumes  a  sthenic  character. 

Erysipelas  is  especially  apt  to  become  complicated  with  visceral  inflamma- 
tions ;  the  membranes  of  the  brain,  the  bronchi  and  the  lungs,  or  the  gastro- 
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intestinal  mucous  surface,  arc  commonly  implicated  in  this  way  •  and  it  is 
often  through  these  complications  that  death  results.  ^  '  " 

or  .^yr^"~^^''  erysipelas  are  :  first,  the  esmiUal  came,  the  virus 

or  contagmm  ;  and  secondly,  the  predisposing  causes,  which  may  be  diviS 
mto  hose  hat  are  mtrinsic  to  the  patieut,  including  such  local  or  co  stitu 
tional  conditmns  as  predispose  him  to  receive  the  vL,  and  those  that  a^" 
^m...  such  as  the  meteorological  and  hygienic  condidous  to  w  nch  he  i^ 
exposed  before  he  is  attacked  by  the  disease.  The  extrinsic  causes  may  act  by 
favoui-mg  the  development  of  the  virus  out  of  the  body  or  its  transmis  i  u 
from  one  individual  to  another,  or  by  impairing  the  health  of  the  patient  and 
thus  rendering  him  more  ready  to  receive  the  poison. 

The  Essential  Cause—Erysipelas  is  undoubtedly  contagiom.  The  con- 
tagion of  eiysipelas,  after  having  been  repeatedly  denied,  can  no  longer  be 
contested  Travers  Copland,  Bright,  Nunneley,  and  others,  adduced' cLses 
m  proof  of  Its  contagious  character  ;  and  instances  have  repeatedly  fallen 
under  my  own  observation,  in  which  erysipelas,  often  unfortunately  fatal  has 
been  communicated  to  the  servants,  nurses,  or  relatives  of  patients  affected  bv 
It.    A  remai-kable  proof  of  the  contagious  nature  of  erysipelas  occurred  in  the 

S    ^  ?       ,  '      """^  °^       ^^""^^      University  College  Hospital.  The 
Hospital  had  been  free  from  any  cases  of  the  kind  for  a  considerable  time 
wben,  on  the  15th  of  January,  at  about  noon,  a  man  was  admitted  under  mv 
care  with  gangrenous  erysipelas  of  the  legs,  and  placed  in  Brundrett  T7ard 
Un  my  visit  two  hours  after  his  admission,  I  ordered  him  to  be  removed  to  a 
separate  room,  and  directed  the  cMorides  to  be  freely  used  in  the  ward  from 
which  he  had  been  taken.    Notwithstanding  these  precautions,  however,  two 
days  after  this,  a  patient,  from  whom  a  necrosed  portion  of  ilium  had  been 
removed  a  few  weeks  previously,  and  who  was  lying  in  the  adjoining  bed  to 
that  m  which  the  patient  with  erysipelas  had  been  temporarily  placed,  was  1 
seized  with  erysipelas,  of  which  he  speedily  died.    The  disease  then  spread  to 
almost  every  case  m  the  ward,  and  proved  fatal  to  several  patients  who  had 
recently  been  operated  upon.    In  some  instances  patients  were  affected  with 
the  constitutional  symptoms  without  any  appearance  of  local  inflammatory 
action  but  characterized  by  the  same  gastro-intestinal  iiritation  that  marked 
the  other  cases. 

Much  light  has  been  thrown  upon  the  natm-e  of  the  virus  during  the  last  I 
tew  years  by  the  observations  of  Hiieter,  Nepveu,  Lukomsky.  Koch,  Fehleisen, 
and  others.    It  has  been  demonstrated  beyond  a  doubt  that  in  all  the  so-caUed 
erysipelatous  inflammations  micrococci  are  abundantly  present  in  the  exuda- 
tions and  in  the  affected  tissues.    These  are  grouped  most  commonly  in  pairs 
or  chains,  and  have  consequently  received  the  name  of  streptococci.  When 
cultivated  on  nutrient  gelatine  they  maintain  their  characteristic  form,  and 
can  be  readily  distinguished  from  the  micrococci  met  mth  in  acute  suppura- 
tive inflammations,  which  are  commonly  arranged  in  colonies  or  groups.  ' 
That  these  organisms  are  the  actual  virus  of  the  cutaneous  form  of  erysipelas 
may  be  said  to  be  definitively  proved.    They  have  been  constantly  found  in 
every  case  examined,  they  have  been  cultivated  for  as  many  as  thirty  genera- 
tions on  gelatine  and  then  inoculated  on  man,  with  the  result  of  producing  a 
genuine  attack  of  cutaneous  erysipelas,  and  lastly  they  have  been  found  by 
microscopic  examination  to  be  present  in  the  tissues  infected  by  the  inoculation 
as  in  those  from  which  the  original  organisms  were  obtained. 
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In  phlegmonous  or  cellulo-ciitaneous  erysipelas,  and  in  diffuse  cellulitis, 
,  hains  of  micrococci  have  been  demonstrated  in  the  affected  tissues  ;  but  there 
is  every  reason  to  believe  that  they  are  not  the  same  as  those  found  in  the 
cutaneous  form  of  the  disease.  The  inoculation  of  the  micro-organisms 
obtained  fi-om  the  cutaneous  erysipelas  produces  that  disease  only,  and  in  no 
case  has  diffuse  celluhtis  or  phlegmonous  erysipelas  resulted. 

It  is  an  important  fact  to  guide  us  in  the  prevention  of  these  diseases  that 
rhese  organisms  are  killed  in  45  seconds  by  a  1  in  30  solution  of  carbolic  acid, 
or  in  15  seconds  by  a  1  in  1000  solution  of  corrosive  sublunate. 

1.  Predisposing  Causes.— The  intrinsic  predisposing  causes  may  be 
divided  into  Local  and  Constitutional. 

Local.— The  principal  local  cause  of  erysipelas  is  certainly  the  presence  of  a 
wound  or  raw  surface.  The  statistics  of  University  College  Hospital  show 
that  erysipelatous  inflammation  may  attack  a  wound  at  any  time  from  its 
Mifliction  to  its  healing.  This  is  especially  true  of  the  cutaneous  forms; 
a  her  varieties  of  erysipelatous  inflammation  more  commonly  start  from  recent 
wounds.  The  presence  of  decomposing  discharges  in  the  wound  is  undoubtedly 
;iu  important  predisposing  cause,  and  antiseptic  treatment  has  done  much  to 
prevent  it.  When  erysipelas  is  epidemic,  it  is  well  for  the  Sm-geon  not  to 
i^erform  any  operation  that  can  conveniently  be  postponed ;  and  in  no  case 

lould  a  patient  on  whom  an  operation  has  recently  been  performed  be  put  in 
a  neighbouring  bed  to  a  case  of  erysipelas,  or  even  in  the  same  ward.  The 
-ize  of  the  wound  has  little  influence  on  the  occurrence  of  erysipelas,  which 
will  as  readily  follow  a  puncture  as  an  amputation-wound.  The  character  of 
the  wound,  however,  has  a  material  influence  on  the  liabihty  to  the  disease. 
Thus  lacerated  wounds  are  more  liable  to  be  followed  by  erysipelas  than 
clean-cut  incisions.  The  depth  of  the  wound  also  influences  in  an  important 
manner  the  kind  and  the  degree  of  the  erysipelatous  inflammation,  the  phleg- 
monous and  the  cellular  forms  arising  most  commonly  from  those  injuries 
that  penetrate  the  deep  fascia  of  a  limb.  In  such  cases  the  disease  may 
spread  widely  and  fataUy  through  the  deeper  subaponeurotic  and  inter- 
muscular planes  of  areolar  tissue.  It  is  important  in  these  cases  not  to 
confound  a  simple  septic  inflammation  due  to  the  presence  of  decomposing 
matter  in  an  iU-drained  wound,  with  genuine  erysipelatous  inflammation. 
Injuries  about  the  head  and  hands  are  said  to  be  more  liable  to  be  attacked  by 
erysipelatous  inflammation  than  those  of  other  parts. 

Constitutional  Causes. — Some  persons  appear  to  be  naturally  predisposed 
to  erysipelas  to  so  great  a  degree,  that  the  application  of  cold,  or  sKght 
stomach-derangement,  or  a  trivial  superficial  injury,  may  excite  it.  This 
predisposition  is  most  generaUy  acquired  by  habitual  derangement  of  health, 
and  is  especially  induced  by  any  of  the  depressing  causes  of  disease,  such  as 
over-fatigue,  anxiety  of  mind,  night-watching,  and  habitual  disregard  of 
hygienic  rules  as  to  diet,  exercise,  air,  &c.  The  habit  of  body,  however,  in 
which  erysipelas  is  most  frequently  met  with  as  a  consequence  of  very  trivial 
exciting  causes,  is  that  which  is  induced  by  the  habitual  use  of  stimulants  to 
excess.  It  is  more  especially  in  that  state  of  the  system  characterized  by  an 
admixture,  as  it  were,  of  initability  and  of  debility,  in  which  all  inflammations 
tend  to  reach  the  stage  of  suppuration,  or  to  assume  a  diffuse  form  that 
erysipelas  is  most  readily  induced.  This  state  is  met  with  amongst  the 
labouring  poor,  as  the  result  of  privation  of  the  necessaries  of  life,  con- 
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joined  with  the  hal)itual  over-use  of  stimulants  and  exposure  to  the  various 
depressing  conditions  of  bad  food,  impure  air,  &c.  Amongst  the  M-ealthie  • 
classes  it  occurs  as  a  consequence  of  high  L^ing,  want  of  exercise,  and  -eneral 
indulgence  m  luxurious  and  enervating  habits. 

Some  morbid  states  of  the  Mood,  consequent  upon  visceral  disease,  appear  to 
predispose,  in  the  highest  degree,  to  the  supervention  of  erysipelas    This  is 
especially  the  case  in  diabetes,  and  in  disease  of  the  kidneys  attended  by 
aibuinmuria.    As  a  consequence  of  renal  disease,  erysipelas  often  occurs  from 
the  most  trivial  causes ;  such  as  a  scratch,  the  sting  of  an  insect,  or  any  of 
the  minor  operations  in  surgery,  more  especially  about  the  lower  part  of  the 
body.    Not  only  is  it  readily  induced  in  this  way,  but  it  will  extend  in  an 
uncontrollable  manner  in  these  states  of  the  system,  and  will  often  assume  a 
gangrenous  form,  there  being  apparently  an  utter  want  of  power  in  the  tissues 
to  resist  the  influence  of  the  virus.    Persons  of  a  gross  and  plethoric  habit 
with  a  tendency  to  gout,  are  predisposed  to  the  occurrence  of  erysipelas' 
ihe  blood-degeneration  that  attends  malignant  disease  pecuKariy  disposes  to" 
erysipelas,  which  accordingly  more  frequently  takes  place  after  operations  on 
persons  having  such  diseases  than  after  the  removal  of  simple  tumours 

Persons  whose  nervous  systems  are  habitually  depressed,  the  semi-idiotic 
and  idiotic  for  instance,  are  very  prone  to  inflammations  of  an  erysipelatous 
iovm.  A  person  who  has  once  sufl^ered  from  erysipelas  is  said  to  be  more 
liable  to  the  disease.  Fehleisen  states  that  his  inoculation  experiments 
showed  that  after  the  attack  there  is  a  short  period  of  immunity  lastin-  a 
few  weeks  or  months.  '  ^ 

2.  Extrinsic  Causes.— Amongst  the  circumstances  that  surround  the 
patient  and  that  tend  to  the  production  of  this  disease,  the  season  of  the  year 
and  atmospheric  changes  exercise  a  marked  influence.    Erysipelas  is  usually 
supposed  to  be  more  frequent  in  the  spring  and  autumn,  and  the  experience 
at  University  College  Hospital,  where  records  of  such  cases  have  been  very 
accm-ately  kept,  tends  to  confirm  this  idea.    Thus  we  find  that  during  the 
years  1871-2-3-4,  151  cases  of  erysipelas  were  treated  m  the  Hospital  in- 
cluding those  admitted  for  the  disease  and  those  afi-ected  by  it  while  under- 
going treatment  for  other  affections.    Of  these,  34  occm-red  during  the  cold 
months  of  December,  January,  and  February;  43  dm-ing  March,  April,  and 
May;  22  during  the  hot  months  of  June,  July,  and  August;  and  52  during 
September,  October,  and  November.    It  is  an  interesting  fact,  that  dm-iiK^ 
these  four  years  only  one  case  arose  during  the  month  of  July.    It  has 
frequently  been  asserted  that  erysipelas  often  breaks  out  on  the  settina-  in 
of  cold  easteriy  winds  or  on  sudden  atmospheric  changes.  Observations 
were  made  during  one  year  (1872)  at  University  College  Hospital  with  th( 
view  of  testmg  the  truth  of  this  assertion  ;  but,  as  they  were  not  continued 
after  that  year,  the  time  over  which  they  extend  is  not  sufficient  to  exclude 
chance  from  the  results.    As  far  as  they  went  they  tended  to  show  that  mild 
damp  weather,  with  westcriy  winds,  is  a  more  powerful  predisposing  cause  of 
erysipelas  and  other  hospital  diseases  than  cold  dry  weather  with  easterly 
winds,  which  is  exactly  the  reverse  of  the  popularly  received  opinion.  The 
subject  is  one  of  great  interest,  and  is  well  worthy  of  further  investigation. 
Erysipelas  often  becomes  epidemic  as  the  result  of  peculiar,  but  at  i)resent  un- 
explained, conditions  of  the  atmosphere.    Thus  at  University  CoUege  Hospital 
the  number  of  cases  occurring  during  the  four  years  before  mentioned  was  as 
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loUows:  in  1871,  29;  in  1872,  29;  in  1873,  2G  ;  in  1874,  67.  And  not 
ouly  was  it  at  University  College  Hospital  that  this  excess  of  erysipelas  was 
noticed,  but  every  similar  institution  in  London  suffered  in  the  same  way.  It 
will  usually  be  found  that,  when  erysipelas  is  very  abundant  among  the  in- 
patients of  a  hospital,  similar  cases  present  themselves  for  treatment  in  the  out- 
patient department ;  and  at  the  same  time  it  is  generally  noticed  that  phlebitis 
of  varicose  veins,  epidemic  catarrh,  acute  tonsiUitis,  and  other  allied  affections 
prevail.  Epidemic  eiysipelas  may  vary  in  its  type.  Thus  the  epidemic  of 
1874  was  chiefly  of  the  cutaneous  variety,  and  was  accompanied  by  compara- 
tively shght  tendency  to  gangrene  or  sloughing;  while  that  of  1872,  in 
Edinburgh,  was  of  a  violent  phlegmonous  type,  usually  attacking  the  sub- 
cutaneous tissue  and  leading  to  extensive  diffuse  sloughing  and  suppuration. 

The  great  predisposing  cause  of  erysipelas  is,  however,  to  be  sought  for  and 
will  be  found  in  a  want  of  attention  to  hygienic  conditions.  It  is  one  of  the 
penalties  inflicted  by  nature  on  those  who  neglect  those  prime  requisites  of 
health — temperance  and  cleanliness— or  who  are  incapable  of  obtaining  good 
food  and  pure  air.  Were  the  laws  of  hygiene  attended  to  as  they  should  be, 
erysipelas  and  the  allied  diffuse  inflammations  would  rarely  be  met  with  in 
surgical  practice.  Overcroiu  cling  of  hospitals,  and  want  of  proper  ventilation  in 
\\  ards  and  rooms,  are  fertile  sources  of  erysipelas,  and  of  the  allied  processes. 

Erysipelas,  however,  cannot  be  as  certainly  generated  in  this  way  as  some 
other  unhealthy  processes  in  Avounds,  such  as  hospital-gangrene,  or  pyemia. 
This  has  frequently  been  observed  in  military  practice.  Thus,  after  the  battle 
of  Sedan,  although  the  wounded  were  in  some  hospitals  almost  decimated  by 
py£emia,  erysipelas  was  very  rarely  met  with.  In  the  American  War  it  is 
stated  to  have  occurred  in  0-4  per  cent  of  the  wounded.  It  generally  broke  out 
in  badly  ventilated  hospitals,  and  spread  rapidly  from  one  patient  to  another. 
It  was  less  frequent  in  cases  treated  in  tents,  but  occasionally  it  made  its 
appeaa-ance  under  the  most  favom-able  hygienic  conditions.  These  facts  tend 
Lo  confirm  the  view  that  genuine  erysipelas  is  due  to  a  specific  virus  which  is 
aot  universally  present.  In  old  hospital  buildings  in  which  the  disease  has 
frequently  occurred,  the  poison  may  be  constantly  present,  waiting  only  for 
favourable  conditions  to  manifest  itself. 

Eehleisen  has  shown  that  the  micrococci  of  cutaneous  erysipelas  can  be 
(cultivated  at  ordinary  temperatures,  not  only  in  gelatine  and  blood-serum,  but 
on  potatoes,  and  it  seems  probable  that  the  virus  will  increase  readily  whenever 
there  is  dead  animal  or  vegetable  matter  in  which  it  can  develop.  This 
explains  the  way  in  which  the  disease  is  not  unfrequently  originated  in  hos- 
pitals, by  dressers  going  directly  from  the  dead-house,  and  especially  from  the 
(ixamination  of  the  bodies  of  those  who  have  died  of  diffuse  inflammations,  to 
the  bedside  of  patients,  without  taking  sufficient  care  to  clean  their  hands  or 
change  their  clothes.  For  this  reason  also  the  same  instruments  should  not 
be  used  for  practising  operations  on  the  dead  and  performing  them  on  the 
living  body.  The  apparent  origin  of  the  disease  from  air  passing  over  an 
ash-heap  on  which  kitchen  refuse  has  been  thrown,  which  has  been  more  than 
once  recorded,  may  be  due  to  the  cultivation  of  the  specific  micrococcus  on 
decaying  vegetable  matter. 

The  different  forms  of  erysipelatous  inflammation  are  most  conveniently 
•lescribed  as  they  affect  different  tissues  and  organs.  With  this  view,  we  may 
divide  them  primarily  into  External  and  Internal  Erysipelas. 
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External  Erysipelas  is  that  variety  of  the  disease  which  affects  the  skin 
and  subcutaneous  areohir  tissue.  This  form  has  been  described  with  an  absurd 
degree  of  minuteness,  so  far  as  the  transitory  and  accidental  characters  of  its 
duration,  sliape,  and  appearance  are  concerned,  by  many  of  the  writers  on 
Diseases  of  the  Skin  ;  who,  in  their  anxiety  to  record  minute  and  often  acci- 
dental shades  of  difference  in  appearance,  have  entirely  lost  sight  of  the  true 
nature  of  the  disease.  The  division  adopted  by  Lawence  into  the  Simple 
the  (Edematous,  and  the  Phlegmonous  forms,  is  a  practical  arrangement 
that  is  commonly  adopted  by  Surgeons.  I  prefer,  however,  and  shalfadopt, 
the  division  made  by  Nunneley  in  his  very  excellent  work  on  Erysipelas.  He' 
arranges  external  erysipelas  under  thi-ee  varieties :  1.  Cutaneous  ;  2.  CeUulo- 
cutaneous  ;  and  3.  Cellular. 

The  statistics  of  University  College  Hospital  give  the  following  results, 
showing  the  relative  fi-equency  of  these  affections.  During  a  period  of  ten 
years  196  cases  were  admitted  under  the  care  of  the  Surgeons  or  arose  in  the 
surgical  wards.  Of  these  148  were  cutaneous,  24  ceUulo-cutaneous,  or  phleg- 
monous, and  24  cellular  (or  ceUulitis).  To  these  may  be  added  36  cases  of  so- 
called  idiopathic  cutaneous  erysipelas  admitted  under  the  care  of  the  Physicians, 
making  a  total  of  184  cases  of  the  cutaneous  form  out  of  232,  or  nearly  80  per 
cent. 

1.  Cutaneous  Erysipelas  is  the  mildest  form  of  this  group  of  diseases, 
implicating  merely  the  skin.  It  corresponds  to  the  Simple  Erysipelas  of 
Lawrence.  To  describe  it  merely  as  a  cutaneous  disease,  a  dennatitis,  as  has 
often  been  done,  is  incorrect.  It  is  always  accompanied  by  constitutional  dis- 
turbance, which  forms  an  essential  part  of  the  disease. 

Symptoms.— The  invasion  of  cutaneous  erysipelas  is  marked  by  alternate 
chills  and  flushes,  but  seldom  by  a  distinct  rigor.  These  are  followed  by  head- 
ache, nausea,  a  quick  pulse,  a  coated  tongue,  and  hot  skin  ;  in  from  twenty- 
four  to  forty-eight  hours  the  rash  appears,  though  it  often  comes  out  simul- 
taneously with  the  constitutional  disturbance.  If  there  be  a  wound,  its  surface 
becomes  dry,  and  the  margins  become  slightly  swollen,  and  the  characteristic 
rash  spreads  away  from  them  into  the  surrounding  skin.  The  disease  may  also 
appear  to  occur  idiopathically ;  that  is  to  say,  it  may  apparentlv  originate  in  the 
unbroken  skin.    Trousseau,  and  others,  have  asserted  that  even  in  these  cases 
it  always  starts  from  some  slight  abrasion  which  has  been  overlooked,  men 
arising  in  this  way  it  commences  most  commonly  at  the  junction  of  mucous 
membrane  and  skin,  as  at  the  angle  of  the  mouth,  the  ala  of  the  nose,  the 
comer  of  the  eye,  the  meatus  of  the  ear,  or  the  margin  of  the  anus.    In  rare 
cases  it  may  arise  spontaneously  on  the  limbs.    I  have  seen  it  commence  in 
the  unbroken  skin  over  an  abscess.    This  so-called  idiopathic  erysipelas  is  the 
same  disease  as  that  in  which  the  rash  starts  from  a  wound,  although  this  has 
been  doubted.    During  an  outbreak  of  eiysipelas  iu  a  surgical  ward  the  two 
forms  may  arise  in  different  cases  as  the  result  of  the  same  infection. 

The  rash  is  of  a  uniform,  vivid  rosy-red  hue,  sometimes  becoming  dusky, 
and  always  disappearing  on  pressure,  leaving  a  slightly  yellowish  tintljehind  ; 
when  advancing,  it  is  characterized  by  a  sharply-defined  border  slightly  raised 
above  the  healthy  skin,  but  when  subsiding  it  fades  away  into  the  colour  of  the 
healthy  skin.  It  is  accompanied  by  some  slight  oedematous  swelling,  fi-equently 
recognizable  ojily  by  the  permanent  impression  left  ])y  the  finger-nail  pressed 
on  the  skin,  but  often  considerable  where  the  areolar  tissue  is  loose,  as  in 
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1  he  eyelids  and  scrotum  ;  and  there  is  usually  a  sense  of  stiffness  with  a 
hurning  sensation  in  the  part,  and  not  unfrequently  greatly  increased  sensi- 
biUty.  Vesicles  or  bullte  often  form,  containing  a  clear  serum,  which  speedily 
becomes  turbid,  and  dries  into  fine  branny  desquamation.  The  redness  may 
spread  rapidly  along  the  limb  or  trunk,  or,  if  the  face  be  affected,  may  travel 
quickly  from  one  side  to  the  other,  causing  such  swelling  of  the  eyelids  as  to 
close  them,  and  giving  rise  to  swelling  and  much  tensive  pain  in  the  ears.  The 
disease  is  invariably  accompanied  by  enlargement  and  tenderness  of  the  lym- 
piiatic  glands.    In  some  cases  this  may  even  precede  the  rash. 

A  form  termed  erratic  erysipelas  has  been  described  occurring  in  connection 
with  pyEemia,  in  which  the  eruption  disappears  from  one  part  of  the  body  and 
reappears  in  another.  It  is  a  very  dangerous  condition,  often  indicating  the 
approach  of  death.  It  is  very  doubtful  if  it  is  in  any  way  related  to  genuine 
iitaneous  erysipelas. 

The  inflammation  in  cutaneous  erysipelas  has  no  tendency  to  terminate  in 
suppuration.  In  some  parts  in  which  the  areolar  tissue  is  very  loose,  especially 
in  the  eyelids,  suppuration  occasionally  takes  place,  but  it  then  seems  to  be 
rhe  result  rather  of  the  tension  caused  by  the  effusion  than  of  the  irritation  of 
the  specific  virus. 

When  the  inflammation  is  passing  off  the  pain  abates,  the  colour  fades,  the 
swelling  subsides,  the  cuticle,  which  has  been  detached  by  the  serous  transu- 
lation,  flakes  off  in  thin  layers,  and  the  skin  returns  to  its  normal  state.  In 
uther  cases,  oedema  of  the  part  continues,  with  some  irritability  and  redness 
of  the  skin  and  peeling  of  the  cuticle  ;  and  in  some  rare  cases  the  simple  ery- 
sipelas seems  to  take  on  a  gangrenous  or  sloughing  character,  especiaUy  about 
the  umbilicus  and  genitals  of  young  children. 

Constitutional  Symptoms. — The  fever  of  cutaneous  erysipelas  con- 
tinues as  long  as  the  rash  is  spreading.  The  temperature  seldom  rises  to 
106°  F.,  more  commonly  it  keeps  below  104°  F.  There  are  no  marked  varia- 
tions beyond  the  ordhiary  morning  fall  and  evening  rise  met  with  in  all  febrile 
affections.  The  pulse  may  at  first  be  full  and  strong,  but  it  soon  falls  in  force 
and  becomes  more  frequent.  There  is  frequently  some  delirium,  which  in  the 
early  stages  may  be  violent,  but  later  on  becomes  feeble  and  muttering. 
Delirium  is  especially  marked  in  erysipelas  of  the  head,  and  was  formerly 
supposed  to  be  due  to  affection  of  the  membranes  of  the  brain.    It  has  been 

■  shown,  however,  hj  2^ost-mortem  examination  of  fatal  cases,  that  meningitis  is 
very  rare  except  in  cases  of  erysipelas  attacking  a  compound  fracture  of  the 
•  skull,  or  spreading  into  the  fat  of  the  orbit.  The  dehrium  is  usually  due  to 
:  the  blood-condition,  and  is  always  a  gra.ve  sign.  The  tongue  is  at  first  much 
coated,  and  soon  becomes  dry  and  brown  ;  there  is  also  in  most  cases  a  good 
deal  of  derangement  of  the  digestive  organs,  with  tenderness  about  the  epigas- 
trium, and  complete  loss  of  appetite  ;  the  evacuations  are  dark  and  offensive, 

■  and  not  unfrequently  there  is  diarrhoea. 

Cutaneous  erysipelas  is  a  most  depressing  disease,  the  patient  even  after  a 
comparatively  shght  attack  being  frequently  much  reduced  in  strength, 
anEemic,  and  emaciated. 

The  duration  of  an  attack  of  cutaneous  erysipelas  is  very  uncertain  ;  it  may 
last  from  three  days  to  three  weeks,  and  relapses  are  very  common  by  which  it 
;  may  be  prolonged  to  a  month  or  more. 

!    Pathology.— After  death  the  red  tint  fades,  leaving  the  skin  of  a  yellowish 
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tint ;  if  it  be  cut  into,  it  is  found  to  contain  an  excess  of  serous  fluid.  The 
internal  organs  present  nothing  that  is  charactei-istic.  As  in  all  diseases 
accompanied  by  high  fever  and  general  blood-poisoning,  the  epithelium  of  the 
kidneys  and  liver  is  found  in  a  state  of  cloudy  swelling,  and  the  spleen  is  in 
some  cases  enlarged.  The  lungs  are  usually  congested.  Sometimes  marked 
post-mortem  staining  of  the  blood-vessels  and  organs  is  found  very  soon 
after  death,  and  occasionally  small  petechiaj  are  scattered  beneath  the  serous 
membraues. 

If  the  most  advanced  edge  of  the  spreading  margin  be  examined  micro- 
scopically, the  lymph-spaces  of  the  cutis  are  found  to  contain  numerous  very 
small  micrococci,  as  was  first  pointed  out  by  Lukomsky  and  v.  Recklinghausen. 
These  may  be  so  closely  packed  as  to  form  an  opaque  granular  mass,  but  if 
they  are  less  crowded  together  they  can  be  seen  to  form  pairs  or  chains.  The 
zone  in  which  these  organisms  can  be  recognized  easily  is  very  narrow,  as  they 
are  soon  hidden  by  numerous  migTating  leucocytes  which  fiU  the  spaces  of 


Fig.  351.— Micrococci  in  the  lymph-spaces  of  the  skin  from  a  case  of  cutaneous  erysipelas. 
The  dark  patch  in  the  upper  right  hand  comer  is  the  deeper  layer  of  the  epidermis. 
(From  a  photogi-aph  by  Koch.) 

the  librous  tissue,  and  accumulate  round  the  vessels  and  in  the  lymph-spaces. 
No  micrococci  can  be  found  when  the  rash  is  receding,  nor  in  those  parts  over 
which  it  has  passed.  The  theory  of  the  disease  founded  on  these  observations 
is  that  the  micro-organisms  invade  the  healthy  tissues,  and  by  their  presence  or 
by  the  chemical  products  of  their  growth,  excite  inflammation  with  migratiou 
of  the  colourless  corpuscles.  The  organisms  are  then  destroyed  by  the 
migrated  corpuscles,  and  thus  are  jDresent  only  in  the  advancing  margin. 
Fehleisen  has  succeeded  in  cultivating  these  organisms  on  gelatine  and 
coagulated  serum.  A  small  piece  of  the  affected  skin  was  removed  and  placed 
on  the  prepared  gelatine  ;  after  a  short  time  a  Avhite  fihn,  which  the  microscope 
showed  to  be  composed  of  micrococci,  spread  over  the  surface  of  the  gelatine, 
A  small  speck  of  this  was  then  planted  on  another  gelatine  surface  and  again 
the  film  formed.  This  process  was  repeated  many  times,  until  it  might 
reasonably  be  supposed  that  any  chemical  poison  which  miglit  theoretically 
have  been  adhering  to  the  original  organisms  taken  from  the  skin,  was 
perfectly  eliminated.  The  fungi  Avere  then  inoculated  on  rabbits,  and  gave 
rise  to  a  spreading  inflammation,  exactly  resembling  cutaneous  erysipelas. 
Afterwards  similar  inoculations  were  made  on  eight  patients  in  cases  of  cancer, 


CUTANEOUS  ERYSIPELAS— PATHOLOGY. 


947 


sarcomaj  and  lupus,  with  the  view  of  exerting  the  reputed  curative  action  of 
erysipelas  on  these  affections.  Seven  out  of  the  eight  patients,  after  a  period 
of  incubation  of  from  fifteen  to  sixty  hours,  were  affected  by  genuine 
erysipelas,  with  all  the  characteristic  local  and  constitutional  symptoms.  In 
the  one  case  in  which  the  inoculation  failed,  the  patient  had  recently  recovered 
from  a  spontaneous  attack  of  the  disease.  At  the  Congress  of  German 
Surgeons  in  1883,  Fehleisen  exhibited  a  patient  in  whom  genuine  cutaneous 
erysipelas  had  been  produced  by  the  inoculation  of  micrococci  which  were 
thirty  generations  removed  from  the  original  organisms  obtained  from  the 
skin,  the  cultivation  having  been  continued  on  gelatine  from  August  1882  to 
April  1883.  It  may  be  said,  therefore,  to  be  proved  to  demonstration  that 
either  directly  or  indirectly  the  micrococci  are  the  cause  of  the  specific 
inflammation. 

According  to  Koch  and  Fehleisen,  the  micrococci  are  not  found  in  the 
blood-vessels  or  blood.  Hiller  states  that  if  the  blood  be  examined  numerous 
white  corpuscles  in  a  state  of  degeneration  are  found,  having  become  converted 
into  masses  of  highly  refracting  granules.  Busk  has  described  the  occurrence 
i)f  plugs  of  such  corpuscles  in  the  capillaries  of  the  lung,  and  Bastian  has 
observed  a  similar  condition  in  the  brain. 

Two  views  have  been  held  concerning  the  essential  nature  of  cutaneous 
erysipelas.    First,  that  it  is  a  general  specific  disease,  of  which  the  rash  is 
merely  a  local  manifestation,  the  wound  serving  merely  as  the  determining 
[)oint  at  which  the  eruption  shall  appear  ;  and,  secondly,  that  it  is  a  local 
infective  inflammation  and  that  the  fever  and  other  constitutional  symptoms 
ire  entirely  secondary.    The  arguments  in  favour  of  the  first  view  are  briefly 
as  foUows  : — 1.  Like  other  acute  specific  diseases  it  occurs  in  epidemics.    2.  In 
some  cases  the  fever  distinctly  precedes  the'  appearance  of  the  rash  sometimes 
by  as  much  as  48  hours.    Moreover,  I  have  seen  a  constitutional  disturb- 
mce  of  the  same  type  as  that  accompanying  the  local  inflammation  occur 
without  any  such  comphcation.    This  I  had  special  occasion  to  observe 
in  a  very  fatal  outbreak  of  erysipelas  that  took  place  in  one  of  my  wards  some 
\'ears  ago.    On  that  occasion,  all  the  cases  in  which  the  cutaneous  form  of 
rysipelas  appeared  were  marked  by  severe  constitutional  disturbance,  attended 
<)j  much  gastro-intestinal  irritation.    But  precisely  the  same  type  of  general 
ii'brile  symptoms,  and  the  same  irritation  of  the  stomach  and  bowels,  occurred 
lu  patients  in  the  same  ward  in  whom  no  local  or  surface  manifestation  of  the 
disease  took  place.    3.  The  severe  constitutional  disturbance  accompanying 
the  disease  is  often  apparently  out  of  proportion  to  the  local  mischief.    4.  In 
many  cases  the  disease  seems  to  break  out  without  any  breach  of  surface  at 
which  inoculation  could  have  occurred.    In  some  cases  it  has  been  known  to 
I  commence  at  the  edge  of  a  carbolic  acid  dressing,  and  not  at  the  wound. 
5.  Like  other  acute  specifics,  an  attack  confers  a  temporary  immunity  from 
the  disease  ;  and  6.  The  fact  of  its  inoculability  is  no  argument  against  the 
1  theory  that  it  is  a  general  disease,  for  we  see  the  same  in  small-pox  and 
!  syphilis.    In  favom-  of  the  local  theory  the  following  facts  are  urged  : — 
1.  Local  diseases  as  well  as  general  occur  in  an  epidemic  form.    2.  When  the 
'  fever  appears  to  precede  the  eruption  careful  observation  will  always  show 
!  some  local  disturbance  ;  either  the  wound  has  become  red  and  dry  or  the 
I  lymphatic  glands  nearest  it  are  tender  and  swollen.    When  gastro-intestinal 
<  disturbance  occurs  in  many  patients,  in  a  ward,  some  of  whom  develop 
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erysipelas  wliile  others  do  not,  the  disordered  health  is  not  due  to  the  specific 
virus  but  to  some  unhealthy  state  of  the  ward  which  may  act  as  a  predisposing 
cause  of  erysipelas.  3.  The  fever  continues  as  long  as  the  rash  is  extending, 
and  ceases  at  once  when  its  progress  is  arrested.  In  inoculated  erysipelas  in 
the  rabbit's  ear,  all  constitutional  symptoms  disappear  at  once  if  the  ear  is 
amputated.  4.  The  breach  of  surface  necessary  for  inoculation  is  merely 
microscopic,  and  consequently  it  is  impossible  ever  to  say  with  certainty  that 
none  existed.  Slight  excoriations  of  the  skin  are  very  common  at  the  edge 
of  antiseptic  dressings,  and  may  readily  serve  as  points  of  inoculation. 

5.  Temporary  immunity  against  a  second  attack  is  believed  to  be  conferred  in 
other  diseases  which  are  primarily  local,  as  in  some  fonns  of  dissection- wound. 
The  immunity  in  erysipelas  is  of  very  short  duration,  and  patients  are 
frequently  met  with  who  are  liable  to  repeated  attacks  of  the  disease. 

6.  Erysipelas  diflPers  from  acute  specific  diseases  in  having  no  appreciable 
period  of  inoculation,  and  no  definite  course  or  duration.  7.  Lastly,  the 
characteristic  organism  has  not  been  demonstrated  in  the  blood  or  cultivated 
from  it  either  in  animals  or  man. 

The  balance  of  evidence  is  therefore  in  favour  of  the  local  theory  of  the 
disease,  and  although  it  cannot  be  denied  that  the  virus,  through  not  multiply-, 
ing  in  the  blood,  may  possibly,  under  exceptional  circumstances,  enter  from 
the  lungs  or  alimentary  canal,  and  be  carried  to  the  wound  by  the  blood,  yet 
this  is  not  the  rule,  and  we  may  hope  to  prevent  the  occm-rence  of  this  most 
serious  complication  of  wounds  by  means  calculated  to  protect  the  raw  surface 
from  the  virus. 

Experiments  have  shown  that  the  micrococcus  erysipelatosus  is  easily  killed 
by  carbolic  acid  or  perchloride  of  mercury  lotion  in  the  strength  commonly 
used  in  the  treatment  of  wounds. 

Diagnosis. — The  diagnosis  of  cutaneous  erysipelas  is  generally  easily 
made.  From  the  exanthemata,  it  is  distinguished  by  the  character  of  the 
eruption  ;  the  way  in  which  it  spreads  from  a  single  spot,  usually  a  wound  or 
raw  surface,  and  especially  by  the  characteristic  sharply  defined  margin.  It  is 
most  commonly  confoimded  with  the  red  blush  sm-rounding  a  wound  in  which 
septic  matter  is  pent  up  ;  in  this,  however,  the  margin  of  the  redness  is  not 
sharply  defined  ;  the  enlargement  of  the  lymphatic  glands  and  the  definite  in- 
vasion are  usually  absent.  From  inflammation  of  the  vei7is  or  of  the  Ii/mj)/iatics, 
the  diagnosis  is  not  always  easy,  more  especially  as  the  two  conditions 
frequently  co-exist.  If  a  vein  is  inflamed,  the  general  absence  of  cutaneous 
redness,  the  existence  of  a  hard  round  cord,  and  the  tenderness  along 
the  course  of  the  vessel,  are  sufiicient  to  establish  the  diagnosis.  In  in- 
flammation  of  the  lymphatic  vessels  the  redness  is  not  uniform,  but  consists 
of  a  number  of  small  and  separate  red  streaks,  running  in  the  direction  of  the 
lymphatics,  and  affecting  the  glands  toM-ards  which  they  couree.  These  two 
affections — erysipelas  of  the  skin  and  inflammation  of  the  lymphatics — are  so 
frequently  conjoined  that  a  differential  diagnosis  is  not  of  much  importance. 

Prognosis. — The  prognosis  in  uncomplicated  cutaneous  erysipelas  is  by  no 
means  grave.  Of  3G  cases  of  idiopathic  erysipelas  admitted  under  the  care  of 
the  physicians  in  University  College  Hospital  during  a  period  of  ten  years,  only 
two  died,  and  one  of  these  was  sufl'cring  from  chronic  I3right's  disease.  When 
traumatic  the  disease  is  far  more  dangerous.  Of  148  cases  admitted  under 
the  Surgeons  or  breaking  out  in  the  surgical  wards  during  a  similar  period 
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;)5  died.  lu  only  five  is  no  special  complication  mentioned  in  the  report,  and 
one  of  those  was  an  infant.  Two  died  from  pneumonia,  seven  of  pyaamia 
which  attacked  the  patient  after  the  erysipelas  had  subsided,  two  of  meningitis 
from  injury  to  the  head,  two  suffered  from  Bright's  disease,  two  from  severe 
constitutional  syphilis,  one  from  general  albuminoid  degeneration,  two  from 
advanced  cancer  of  the  breast,  one  from  cancer  of  the  liver,  one  fi'om  heart 
hsease,  two  from  suppuration  of  the  kidneys  secondary  to  cystitis  ;  one  had  a 
large  cavity  in  the  lung  ;  one  was  an  habitual  drunkard,  one  was  in  very  bad 
health,  and  one  was  dying  at  the  time  of  invasion  ;  one  died  from  bed-sores, 
one  from  secondary  htemorrhage,  one  from  an  abscess,  and  one  from  throm- 
bosis of  the  veins  of  the  leg  and  sloughing  of  the  skin  after  the  specific 
disease  had  subsided.  These  statistics  show  that  cutaneous  erysipelas  rarely 
[)roves  fatal  unless  it  attacks  an  individual  previously  suffering  from  grave 
constitutional  disease,  but  that  by  exhausting  the  strength  it  may  leave  the 
patient  liable  to  fall  a  victim  to  other  complications  of  wounds  such  as  pyaemia. 
Disease  of  the  kidneys  is  always  a  most  serious  complication.  High  fever, 
violent  delirium,  profuse  diarrhoea,  and  early  prostration  are  grave  signs 
during  the  progress  of  the  case.  Traumatic  erysipelas  is  more  dangerous  than 
idiopathic,  as  other  unhealthy  processes  are  apt  to  follow  in  the  wound  ;  on 
;  lie  other  hand,  sores  which  have  been  making  no  progress  for  a  long  time 
often  heal  rapidly  after  an  attack  of  cutaneous  erysipelas.  The  disease  is  most 
dangerous  at  the  extremes  of  life. 

TEEA.TMENT. — Preventive  Measures. — The  occurrence  of  erysipelas  is 
best  guarded  against  by  attention  to  hygienic  measures,  more  particularly 
proper  ventilation  with  pure  air,  and  the  avoidance  of  overcrowding  of  patients. 
'    With  every  care,  however,  erysipelas  can  never  be  completely  eradicated  fi*om 
surgical  wards,  as  it  is  often  epidemic,  and  brought  into  the  hospital  fi'om 
A  ithout.    It  often  happens  that  erysipelas  is  unusually  frequent  in  certain 
wards  and  even  in  certain  beds.    Its  persistence  in  these  respects  will  be  found 
to  be  owing  to  some  local  cause,  such  as  the  emanations  from  a  drain  or  dust- 
bin, on  the  removal  of  which  the  disease  will  cease.    Scrupulous  attention 
I   to  cleanliness  also  on  the  part  of  nurses  and  dressers  should  be  enforced,  and 
1    the  latter  should  not  be  allowed  to  go  straight  from  the  dead-house  to  the 
ward  without  previously  washing  their  hands  in  some  disinfectant  or  antiseptic 
solution.    When  erysipelas  has  already  occurred,  its  further  spread  may  be 
prevented  by  isolating  the  alfected  patients,  and  at  once  taking  active 
measures  to  purify  the  ward  from  which  they  have  been  removed. 

The   Curative   Treatment  of  cutaneous  erysipelas  must  always  be 
conducted  with  reference  to  the  depressing  character  of  the  disease.  The 
;ipparent  intensity  of  the  local  inflammation  in  some  cases,  must  not  lead  the 
Surgeon  into  the  fatal  error  of  employing  any  so-called  antiphlogistic  treat- 
ment.   The  treatment  required  is  essentially  of  a  tonic  and  stimulating 
•haracter.    The  principal  medicinal  remedies  consist  of  bark,  quinine,  iron, 
lud  ammonia.    If  there  be  much  thirst,  these  remedies  may  be  given  in  an 
■ffervcscent  form  ;  but  in  any  case  they  should  be  administered  in  frequent 
'loses.    If  medicines  are  not  well  borne,  the  stomach  rejecting  them,  I  have 
seen  the  best  possible  results  follow  the  free  administration  of  the  brandy-and- 
cgg  mixture.    During  the  progress  of  the  disease,  simple  purgatives  must  be 
given  from  time  to  time.    Tinctm-e  of  the  perchloride  of  iron,  originally 
recommended  by  Hamilton  Bell  in  small  and  repeated  doses,  is  now  often 
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given  in  large  doses,  forty  minims  every  four  hours,  by  Russell  Reynolds  and 
others.  It  is  supposed  to  exert  a  specific  influence  on  the  disease,  and  is 
certainly  useful. 

The  Local  Treatment  is  of  equal  importance  with  the  constitutional.  In- 
numerable modes  of  treatment  have  been  recommended  by  different  Sm-geons, 
but  all  are  agreed  that  the  first  essential  is  to  keep  the  inflamed  part  warm. 
Cold  lotions  should  never  under  any  circumstances  be  employed  ;  they  lessen 
the  vitality  of  the  tissues,  and  may  thus  cause  local  sloughing.  In  slight  cases 
the  part  should  be  covered  with  flour  or  starch  powder  dusted  over  it,  and 
wrapped  in  cotton-wool.  In  the  more  severe  forms,  warm  applications 
assiduously  continued,  especially  hot  boracic  acid  fomentations  applied  by 
means  of  flannels  or  spongio-piline,  afford  the  greatest  possible  rehef.  The 
surface  may  at  the  same  time  be  covered  with  a  paint  composed  of  equal  parts 
of  glycerine  and  extract  of  belladonna.  I  have  seen  astringent  applications, 
such  as  a  strong  solution  of  nitrate  of  silver,  extensively  employed  in  former 
years,  but  not  with  any  very  marked  success.  At  University  College  Hospital 
the  treatment  recommended  by  Valette  of  Lyons  has  been  lately  tried  with 
veiy  good  results.  A  30  per  cent,  solution  of  perchloride  of  iron  is  prepared  ; 
forty  minims  of  this  solution  may  be  given  internally  with  a  little  syrup  or 
glycerine  and  water  every  two  or  three  hours,  and  externally  the  pure  solution 
is  applied  to  the  inflamed  area.  This  must  be  done  thoroughly  ;  the  solution 
must  not  merely  be  painted  on,  it  must  be  rubbed  in  with  a  piece  of  lint  or 
cotton- wool.  If  necessary  the  grease  must  be  removed  from  the  surface  of  the 
skin  by  washing  with  soap  and  warm  water  before  the  lotion  is  appUed.  The 
application  is  repeated  twice  a  day  as  long  as  it  is  necessary.  A  boundary 
line  of  nitrate  of  silver  is  occasionally  drawn  around  the  inflamed  part,  with  a 
view  of  checking  the  extension  of  the  disease.  I  have  often  done  this,  and 
seen  it  done  by  others,  but  never  apparently  with  any  benefit. 

The  local  abstraction  of  blood  and  of  serum  from  the  inflamed  part,  by  the 
plan  introduced  by  Sir  R.  Dobson,  of  rapidly  making  with  the  point  of  a  lancet 
a  large  number  of  small  j)unctures,  from  a  quarter  to  half  an  inch  deep,  is  of 
much  value  when  the  tension  and  swelling  are  extreme  ;  a  hot  fomentation 
cloth  should  be  laid  over  the  punctures.  If  the  disease  have  attacked  one  of 
the  limbs,  the  application  of  a  bandage  is  occasionally  necessary  after  the  dis- 
appearance of  the  eiysipelas,  in  order  to  remove  the  oedema  that  remains. 

2,  Cellulo-Cutaneous  or  Phlegmonous  Erysipelas  differs  from  the 
simple  cutaneous  form  in  so  many  respects,  that  it  may  be  regarded  as  an  entirely 
distinct  affection,  dependent  on  a  different  virus  and  different  predisposing 
causes.  It  was  described  by  Dupuytren  under  the  name  of  "diffuse  phlegmon." 
It  does  not  spread  by  infection  if  a  case  be  admitted  into  a  general  Avard ; 
nevertheless  the  patient  should  be  isolated,  as  our  knowledge  of  the  nature  of 
the  disease  is  not  sufficient  to  justify  us  in  abandoning  such  precautions.  It 
has  been  said  to  occur  occasionally  in  an  epidemic  form.  It  rarely  occurs 
in  its  worst  form,  except  in  persons  who  have  been  addicted  to  excessive 
drinking,  or  who  are  suffering  from  chronic  disea.se  of  the  kidneys.  I/ocally, 
it  differs  from  cutaneous  erysipelas  in  the  intensity  of  the  inflammation,  which 
is  such  that  it  invariably  terminates,  if  left  to  itself,  in  diffuse  suppuration 
and  sloughing.  In  depth  it  always  extends  to  the  subcutaneous  areolar  tissue, 
and,  though  genei'ally  bounded  by  the  underlying  ikscire,  it  not  nnfrequcntly 
implicates  them  if  they  have  been  opened  up,  and  extends  to  the  intermuscular 
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areolar  planes,  the  sheaths  of  the  tendons,  and  other  deep  structures.  There 
is  no  defined  margin  to  the  superficial  redness,  and  the  lymphatic  glands  are 
frequently  nnafiected. 

Symptoms. — The  inflammation  may  start  from  a  wound  or  abrasion  at  an 
early  period  after  its  infliction,  but  frequently  no  such  cause  can  be  recog- 
nized. It  is  ushered  in  by  the  ordinary  symptoms  of  inflammatory  fever, 
accompanied  or  followed  by  the  signs  of  severe  inflammation  in  the  part 
aifected.  The  redness  is  uniform,  of  a  deep  scarlet  hue,  and  although  somewhat 
distinctly  bounded,  is  not  limited  by  a  sharply  defined  line  ;  the  pain  is 
from  the  first  pungent  and  burning,  though  it  may  quickly  assume  a  throbbing 
character  ;  the  swelling,  at  first  soft,  diffused,  and  pitting  distinctly,  soon 
increases,  and  becomes  tense  and  brawny,  the  skin  being  evidently  stretched 
DO  its  full  extent,  and  the  part  appearing  to  be  perhaps  twice  its  natural  size. 
Large  vesications  or  blebs  containing  sero-pui'ulent  fluid,  sometimes  blood- 
stained, appear  in  many  cases.  This  condition  usually  continues  up  to  the 
sixth  or  eighth  day  after  the  invasion  of  the  disease,  during  the  whole  of  which 
time  the  constitutional  symptoms  have  presented  the  ordinary  type  of  sthenic 
inflammatory  fever ;  about  this  time,  however,  a  change  commonly  takes  place, 
■ither  for  the  better  or  for  the  worse.  If,  under  the  influence  of  proper  treatment, 
md  in  a  tolerably  healthy  constitution,  the  inflammation  subside,  resolution  takes 
place,  with  a  gradual  abatement  of  all  the  symptoms.  If,  however,  as  usually 
happens,  the  disease  runs  on  to  more  or  less  sloughing  or  suppuration  of  the 
part,  no  increase  of  the  swelling,  pain,  or  redness  takes  place,  but  on  the  con- 
trary, some  diminution  of  these  signs  may  occur,  and  thus  give  rise  to  a  decep- 
tive appearance  of  amendment.  The  skin  becomes  darkly  congested,  and  the 
part,  instead  of  being  tense  and  brawny,  has  a  somewhat  loose,  soft,  and  boggy 
feel,  communicating  a  semi-fluctuating,  doughy  sensation  to  the  flngers.  This 
change  from  a  tense  brawny  state  to  a  semi-pulpy  condition  indicates  the  forma- 
tion of  pus  and  slough  beneath  the  integument,  and  occurs  without  any  material 
alteration  in  the  size,  colour,  or  general  appearance  of  the  part  ;  pus  can  be 
detected  only  by  careful  palpation.  Hence  the  Surgeon  must  daily  examine 
with  his  own  fingers  the  state  of  the  part,  and  neither  trust  to  the  reports  of 
others,  nor  to  the  general  appearance  of  the  diseased  structures,  for  a  know- 
ledge of  the  probable  condition  of  the  subjacent  tissues.  If  an  incision  be  now 
made  into  the  affected  part,  the  areolar  tissue  will  be  found  loaded  with  an 
opalescent  semi-fluid  exudation,  distending  its  lymph-spaces  but  not  flowing 
from  the  wound  ;  the  retention  of  this  fluid  gives  a  gelatinous  appearance  to 
the  sides  of  the  incision.  If  the  alteration  in  structure  have  advanced  to  a 
stage  beyond  this,  the  areolar  tissue  will  be  found  to  have  been  converted  into 
dense  masses  of  slough,  bathed  in  thin  and  unhealthy  ichorous  pus  ;  these 
sloughs  have  not  inaptly  been  compared  in  appearance  to  masses  of  decomposed 
tow,  or  wet  chamois  leather.  Whilst  these  changes  are  going  on  below  the 
surface,  the  skhi,  at  first  bright  red,  becomes  somewhat  dusky,  and  assumes  a 
marbled  appearance,  rapidly  changing  into  black  sloughs,  and  being  undermined 
by  large  quantities  of  broken-up  areolar  tissue  and  of  ill-conditioned  pus,  without 
any  appearance  of  pointing,  however  extensive  the  subcutaneous  mischief  may 
i)e.  These  destructive  changes  expose  muscles,  fascias,  and  blood-vessels,  and 
may  induce  necrosis  of  the  bone,  or  suppuration  of  the  joints.  They  occur 
most  readily  in  those  parts  of  the  body  that  possess  the  lowest  degree  of 
vitality,  and  hence  are  more  common  in  the  legs  than  in  the  scalp.    As  soon 
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as  the  skin  gives  way,  unless  some  means  are  taken  to  prevent  it,  the  sloughs 
undergo  ordinary  ofl^'ensive  putrefaction,  and  the  products  of  this  process  cause 
local  aggravation  of  the  inflammation  and  the  constitutional  symptoms  of 
septic  poisoning.  If  the  patient  recover,  there  will  be  a  tedious  cicatrization 
of  the  deep  cavities  that  are  left  ;  or  considerable  oedema,  often  of  a  solid 
character — a  kind  of  false  liypertrophy  of  the  part — which  may  continue  for 
some  considerable  time.  In  other  cases,  there  may  be  such  extensive  local 
destruction  or  gangrene  of  the  soft  tissues,  with  exposure  and  death  of  the 
bones  or  suppuration  of  the  joints,  that  amputation  of  the  limb  may  be  required 
to  save  the  patient's  life.  No  operation  of  this  kind,  however,  should  ever  be 
Ijractised  for  phlegmonous  erysipelas,  unless  the  disease  be  strictly  localized, 
and  without  further  tendency  to  spread ;  nor  until  the  fever  has  subsided, 
except  such  as  is  of  a  hectic  character,  and  dependent  on  the  septic  sup- 
puration. 

During  the  progress  of  these  local  changes,  the  Constitutio)ial  Symjitoms 
assume  corresponding  modifications.  At  first  of  an  active  inflammatory 
character,  the  fever,  when  suppuration-  and  sloughing  have  set  in,  often  sud- 
denly becomes  asthenic.  Although  in  some  cases  there  is  at  first  no  diminu- 
tion in  the  severity  of  the  symptoms,  the  constitution  gradually  gives  way  after 
the  patient  has  struggled  for  a  few  days  against  the  exhausting  influences  of 
the  disease,  and  death  speedily  supervenes.  If  the  patient  survive  the  stage  of 
sloughing,  pyaemia,  septicEemia  or  hectic  from  profuse  discharge  may  carry 
him  ofi".  If  recovery  eventually  take  place,  it  may  be  with  a  constitution 
impaired  and  shattered  for  years.  The  immediate  danger  is  always  greatest 
when  the  head  is  affected.  The  remote  danger  from  the  effects  of  suppuration 
of  areolar  tissue,  necrosis  of  bones,  and  inflammation  of  the  joints,  is  greatest 
when  the  lower  extremities  are  the  seat  of  the  disease. 

A  variety  of  the  cellulo-cutaneous  erysipelas  has  been  described  as  (Edema^ 
tous  Erysipelas.  By  this  is  meant  not  merely  the  effusion  into  the  areolar 
tissue  which  occurs  in  all  the  varieties  of  the  disease,  but  a  peculiar  form, 
specially  marked  by  oedema  of  the  areolar  tissue,  with  less  inflammation  of  the 
skin  than  usual.  There  is  much  swelling,  which  pits  deeply  on  pressure,  with 
but  little  pain  or  tension,  and  but  moderate  redness  of  the  skin  ;  the  constitu- 
tional symptoms  are  less  marked  than  in  the  other  varieties  of  the  disease  ;  it 
is  principally  met  with  in  old  people,  or  in  persons  of  a  dropsical  tendency,  in 
whom  it  occurs  especially  about  the  legs,  scrotum,  or  labia,  sometimes  giving 
rise  to  permanent  and  solid  enlargement. 

Diagnosis.— Phlegmonous  erysipelas  is  easily  recognized  by  the  charac- 
teristic symptoms  just  described,  when  arising  from  some  shght  superficial 
injury  or  spontaneously  ;  but  if  it  should  liappeu  to  complicate  a  deep  woimd 
or  comj)Ound  fracture,  it  is  easily  confounded  with  simple  sepiic  inflammation 
consequent  upon  pent-up  decomposing  discharges  or  blood.  In  all  probabUity 
a  very  large  proportion  of  the  cases  formerly  described  under  the  name  of 
erysipelas  were  in  reality  simple  septic  inflammations  not  of  a  specific  character. 
The  so-called  phlegmonous  erysipelas  of  the  scalp  following  a  wound  is,  for 
example,  almost  invariably  the  result  of  the  bm-rowiug  of  putrid  discharges 
beneath  the  pericranial  aponeurosis. 

From  spreacHnff  gangrene  it  is  distinguished  by  its  slower  progress  and  the 
absence  of  foetid  gases  in  the  sloughs  before  the  skin  gives  way. 

Prognosis. — The  prognosis  in  phlegmonous  erysipelas  is  always  grave. 
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Of  twenty-four  cases  admitted  into  University  College  Hospital  seven  died. 
It  may  lie  dangerous  to  the  part  affected  or  to  life.  It  is  especially  danger- 
ous if  it  alfect  the  head  or  parts  in  which  the  areolar  tissue  is  abundant 
and  lax,  as  the  scrotum  or  orbit.  Much  also  will  depend  upon  the  prompt- 
ness with  which  efficient  treatment  is  begun  and  the  means  adopted  to 
prevent  septic  poisoning  from  putrefaction  of  the  sloughs.  The  disease  is 
most  dangerous  at  either  of  the  extremes  of  life.  If  the  constitution  be  sound, 
very  extensive  mischief  may  be  recovered  from  ;  if,  on  the  other  hand,  it  be 
depressed  or  broken  by  want  of  the  necessaries  of  life,  by  fatigue,  over-exertion, 
or  indulgence  in  stimulants,  a  very  slight  amount  of  disease  may  prove  fatal. 
The  most  dangerous  complication,  and  one  which  when  it  exists  almost  pre- 
cludes the  hope  of  recovery,  is  chronic  disease  of  the  Icidneijs,  either  in  the  form 
of  the  granular  contracted,  or  of  the  large  white  kidney.  I  have  never  seen 
any  patient  labouring  under  these  diseases,  and  attacked  with  phlegmonous 
erysipelas,  escape  with  life  ;  the  sloughing  and  suppuration  running  on 
unchecked  by  any  treatment  that  could  be  adopted. 

Pathology. — The  disease  is  a  local  infective  process  caused  by  the  presence 
of  an  intense  irritant  which  increases  in  quantity  in  the  fluids  of  the  part.  The 
first  effect  is  au  abundant  coagulable  exudation 
which  distends  the  lymph  spaces  to  the  greatest 
possible  extent.  Unless  relieved  by  treatment,  the 
exudation  softens,  migration  continues  and  the 
spaces  become  filled  with  pus,  and  then  partly  as 
the  result  of  the  pressure  of  the  exudation,  and 
partly  from  the  direct  irritation  of  the  acrid  Fig.  352. -Pus  ceiis  and  inierococci 

r.      1  in  oliams  (streptococci)  Iroiii  a  case 

chemical    products     of    the     process,    the     whole       ot  Plilegmonous  Brysiijelas. 

affected  connective  tissue  perishes.  Microscopic 

examination  shows  invariably  the  presence  of  micrococci  in  chains  (strepto- 
cocci). These  are  larger  than  those  of  cutaneous  erysipelas,  and  experimental 
inoculations  on  animals  have  shown  that  they  do  not  give  rise  to  that  disease. 
They  are  found  at  all  stages  and  in  the  whole  affected  area,  not  only  at  the 
advancing  margin.  The  inflammation  is  believed  to  be  caused  by  the  irrita- 
ting products  that  they  give  rise  to  in  the  fluids  of  the  part  by  a  process 
analogous  to  fermentation.  These  products  soak  into  the  surrounding  lymph- 
spaces  and  excite  further  exudation  in  which  the  organisms  spread.  By 
incisions  into  the  part  the  exudation  is  drained  away  instead  of  soaking  into 
the  surrouudiug  parts,  and  thus  the  spread  of  the  organisms  is  checked,  while 
at  the  same  time  tension  being  relieved  one  great  source  of  irritation  is 
removed,  and  the  tissues  may  thus  escape  death.  The  viscera  present  nothing 
special.  There  will  be  the  signs  of  septicsemia  (see  Septicaemia),  or  pyaemia 
(see  Pyaemia),  should  these  affections  have  been  the  immediate  cause  of  death. 

Treatment. — Jn  the  early  stage,  our  object  is  to  preveut  the  inflammation 
from  running  into  gangrene  of  the  affected  tissue.  The  fever  being  at  this 
period  commonly  sthenic,  the  administration  of  purgatives,  or  effervescent 
sahnes  may  give  relief,  but  blood-letting  is  never  required  ;  and  depressing 
remedies,  such  as  salines,  must  be  given  with  great  caution.  Tonics  and 
stimulants  require  to  be  given  early  and  late.  As  the  disease  advances,  and 
symptoms  of  depression  come  on,  a  more  stimulating  plan  of  treatment  must 
be  adopted.  As  the  pulse  becomes  feebler,  and  the  tongue  browner,  so  must 
ammonia,  bark,  and  especially  port  wine,  and  the  brandy-and-egg  mixture,  be 
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administered.  In  the  more  advanced  stages  of  the  disease  our  sole  object  must 
be  by  nourishing  diet,  and  the  use  of  stimulants  and  tonics,  to  bear  the  patient 
through  the  depression. 

Local  Treatment. — The  part  affected  must  be  kej^t  at  rest,  and  elevated, 
if  it  be  a  limb,  be  well  painted  with  equal  parts  of  glycerine  and  extract  of 
belladonna,  and  have  hot  fomentations  assiduously  applied,  cold  being  even 
more  prejudicial  here  than  in  cutaneous  erysipelas  ;  in  this  way,  the  swelling 
and  tension  may  perhaps  be  removed,  and  [sloughing  of  the  areolar  tissue  pre- 
vented. In  the  majority  of  cases,  however,  incisions  must  be  made  into  the 
part  for  the  relief  of  tension.  This  mode  of  practice,  originally  introduced  by 
C.  Hutchinson,  is  generally  allowed  to  be  the  most  effectual  means  we  possess 
for  the  prevention  of  sloughing ;  hence  the  incisions  should  be  made  early, 
before  there  has  been  time  for  the  tissues  to  lose  their  vitality.  As  soon, 
indeed,  as  the  skin  becomes  brawny,  indurated,  and  tense,  incisions  properly 
made  and  placed  will  afford  the  greatest  possible  relief,  taking  down  the 
tension  by  the  gaping,  and  the  swelling  by  the  exit  they  afford  to  the 
inflammatory  exudation.  Some  Sm'geons  have  recommended  that  one  long 
cut  should  be  made  through  the  inflamed  structures ;  but  so  considerable 
a  wound  not  only  inflicts  a  serious  shock  to  the  system,  but  the  loss  of 
blood  from  it  may  be  so  great  as  to  be  fatal ;  moreover,  a  single  long 
incision  does  not  relieve  tension  so  effectually  as  a  number  of  smaller  ones. 
These  preventive  incisions  consequently  should  be  of  limited  extent,  from  two 
to  three  inches  in  length  :  at  most  they  should  not  extend  deeper  than  into 
the  gelatinous-looking  subcutaneous  areolar  tissue,  unless  it  happen  that  the 
disease  have  extended  beneath  the  fascia,  when  they  may  be  carried  through 

I  it  also.  The  incisions  should  be  so  arranged  in  fours,  as  to  enclose  a 
I         I   diamond-shaped  space,  as  in  this  way  the  greatest  relief  is  gixen 

I  to  the  tension  of  the  part.  As  it  is  desirable  that  as  httle  blood 
as  possible  be  lost,  haemorrhage  may  be  prevented  by  elevating  the  limb 
and  applying  a  tourniquet  before  using  the  knife,  but  it  is  better 
not  to  employ  Esmarch's  bandage,  for  fear  of  driving  the  unliealthy 
inflammatory  products  into  the  circulation.  In  those  cases  in  which  the 
disease  is  not  ah-eady  complicated  -with  an  open  wound  and  decomposing 
discharges,  great  advantage  will  be  derived  from  the  employment  of  anti- 
septic precautions,  thus  preventing  putrefaction  of  the  effused  inflamma- 
tory fluids  which  fill  up  the  spaces  of  the  areolar  tissue  exposed  by  the 
incisions.  Before  making  the  incisions,  the  limb  should  be  well  fomented 
for  a  quarter  of  an  hour  with  cloths  wetted  with  a  hot  solution  of  carbolic 
acid  (1  in  30).  The  tourniquet  is  then  applied,  and  the  incisions  made  ^^^th 
antiseptic  precautions.  To  arrest  excessive  bleeding,  the  wounds  must  be 
plugged  with  iodoform  or  salicylic  wool  or  some  other  antiseptic  material.  The 
treatment  may  then  be  conducted  by  the  carbolic  gauze  or  some  other  cfiicient 
antiseptic  dressing,  such  as  hot  sahcylic  wool  poultices,  iodoform  wool  or 
fomentations  of  boracic  lint.  If  suppuration  and  sloughing  have  taken  place, 
as  indicated  by  a  boggy  feel  of  the  parts,  free  incision  should  immediately  be 
made  in  order  to  let  out  pus  and  sloughs.  After  this,  the  skin  will  often  be 
found  to  be  gi-eatly  undermined,  blue,  and  thin,  with  matter  bagging  in  the 
more  dependent  parts ;  if  so,  egress  must  be  made  for  it  by  free  counter- 
openings,  and  drainage-tubes  inserted  if  required.  During  the  after-treatment, 
frequent  dressing  is  necessary  to  prevent  an  accumulation  of  pus,  and  the 
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sloughs  must  be  removed  as  they  separate.  Care  should  be  taken  uofc  to 
destroy  any  of  the  vascular  connections  of  the  skin  with  adjacent  parts  ;  but, 
in  order  to  get  proper  cicatrization,  it  will  often  be  found  necessary  to  lay 
open  sinuses,  or  to  divide  bridges  of  unhealthy  and  blue  mtegument  stretching 
across  chasms  left  by  the  removal  of  the  gangrenous  areolar  tissue.  If  the 
loss  of  substance  be  great,  the  cicatrix  that  forms  may  be  weak,  imperfect,  or 
so  contracted  as  to  occasion  great  deformity  of  the  limb.  In  other  cases, 
again,  the  diseased  state  of  the  bones  and  joints  may  be  such  as  to  call  for 
ultimate  amputation,  either  in  consequence  of  the  local  deformity  and 
annoyance,  or  in  order  to  free  the  constitution  from  a  source  of  hectic  and 
irritation.  In  all  circumstances,  the  patient's  health  will  usually  continue 
in  a  feeble  and  shattered  state  for  a  considerable  time  after  recovery,  requiring 
change  of  air,  great  attention  to  habits  of  life  and  a  nourishing  diet. 

3.  Cellulae,  Erysipelas,  or  as  it  is  more  often  termed  DifFuse  Inflam- 
mation of  the  Cellular  Tissue  or  Cellulitis  has  been  particularly  described 
by  Duncan,  Arnott,  Lawrence,  and  Nunneley.  It  is  an  acute  local  infective 
process  originating  in  the  inoculation  of  a  virus  either  in  a  wound  or  by  a 
small  puncture  or  scratch.  Diffuse  cellulitis  may  arise  as  a  consequence  of 
ordinary  injuries,  but  it  is  especially  apt  to  follow  those  in  which  there  has 
been  any  inoculation  of  animal  poisons,  as  from  dissection-wounds,  the  stings 
of  insects,  and  the  bites  of  venomous  reptiles.  The  diversity  of  its  origin, 
however,  and  the  different  course  assumed  by  different  cases  would  lead  us  to 
suppose  that  the  virus  in  cellulitis  is  not  always  the  same.  The  disease 
resembles  erysipelas  in  the  diffuse  character  of  the  inflammation,  and  it  arises 
under  circumstances  similar  to  those  in  which  erysipelas  is  observed  to 
originate.  In  some  cases  the  constitutional  symptoms  present  nothing  peculiar, 
being  merely  those  of  acute  inflammatory  fever  ;  in  others,  especially  those 
arising  from  the  inoculation  of  the  poison  of  a  dead  body,  the  phenomena  may 
be  those  of  acute  septicaemia.  The  term  cellular  erysipelas  or  difiuse  cellulitis 
must,  therefore,  be  regarded  as  a  clinical  expression  for  an  acute  infective 
inflammation,  spreading  by  the  lymphatics  and  lymph-spaces  of  the  areolar 
tissue,  dependent  upon  a  virus,  the  nature  of  which  is  uncertain,  and  possibly 
varies  in  different  cases  :  and  not  as  implying  a  definite  specific  disease,  such 
as  simple  cutaneous  erysipelas  undoubtedly  is. 

Local  Signs. — The  local  signs  will  vary  with  the  part  affected.  If  it  is  the 
subcutaneous  tissue  of  a  limb,  there  are  great  swelling,  tension  and  pain,  and 
the  part  feels  brawny  in  some  parts,  oedematous  in  others.  The  skin  is 
slightly  reddened  in  patches,  has  a  mottled  appearance,  and  may  in  extreme 
cases  follow  the  same  course  as  in  phlegmonous  erysipelas,  running  into 
l)lackish  sloughs.  This  form  in  fact  differs  from  phlegmonous  erysipelas  only 
in  the  affection  of  the  skin  being  entirely  secondary  to  that  of  the  subcutane- 
ous tissue.  The  extent  to  which  the  disease  may  spread  varies  greatly  ; 
when  once  it  has  set  in,  it  frequently  runs  rapidly  up  the  whole  limb,  extend- 
ing also  to  the  sides  of  the  trunk. 

In  other  cases,  especially  in  the  form  that  follows  dissection-wounds,  the 
inflammation  at  the  seat  of  inoculation  may  be  slight,  the  mischief  being 
chiefly  at  a  distance  ;  thus  in  a  punctured  wound  of  the  finger,  the  diffuse 
inflammation  may  take  place  principally  in  the  planes  of  areolar  tissue  in 
the  axilla  and  sides  of  the  chest.  Diffuse  celluhtis  affects  also  the  internal 
planes  of  areolar  tissue.    This  may  happen,  for  instance,  in  the  fascia3  of  the 
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pehis  after  lithotomy,  or  in  the  anterior  mediastinum  after  operations  at  the 
root  of  the  neck.  In  these  cases  there  is  deep-seated  pain  and  tenderness, 
and  the  skin  may  be  slightly  reddened  and  oedematous.  The  superficial  veins 
are  often  full  and  clearly  indicated  on  the  surface.  Sloughing  frequently 
occm-s  with  remarkable  rapidity,  the  areolar  tissue  being  broken  down  into  ill- 
conditioned  pus  and  shreddy  sloughs  in  the  course  of  thirty-six  or  forty-eight 
hours,  more  especially  Avhen  the  disease  has  resulted  from  the  inoculation  of 
an  animal  poison. 

The  constitutional  symptoms  vary  in  different  cases.  In  some  they  are 
those  of  acute  inflammatory  fever  ;  in  others  the  affection  is  accompanied  b}- 
signs  of  the  gravest  blood-poisoning.  In  these  latter  there  is  probably  a 
general  infection  of  the  system.  After  the  sloughs  become  exposed  to  the 
air  decomposition  rapidly  sets  in,  and  the  symptoms  then  assume  the  type  of 
acute  septic  poisoning  from  the  absorption  of  the  chemical  products  of 
putrefaction. 

Pathological  Anatomy. — The  state  of  the  areolar  tissue  is  the  same  as  in 
phlegmonous  erysipelas.  Micrococci,  most  commonly  forming  chains,  are 
found  in  the  inflammatory  exudations.  Should  the  patient  die,  the  viscera 
present  the  ordinary  appearances  of  acute  blood-poisoning  (see  Septicemia). 

Prognosis. — If  the  subcutaneous  tissue  of  a  limb  only  is  affected  many  cases 
can  be  saved  by  proper  treatment.  Amongst  twenty-fom-  cases  registered  as 
cellulitis  in  the  reports  of  University  College  Hospital  there  were  six  deaths. 
Wlien  the  deeper  planes  of  areolar  tissue  are  affected,  and  when  the  process  is 
very  acute,  death  commonly  supervenes  early,  often  in  two  or  three  days  ;  in 
other  instances  life  may  be  prolonged  for  some  weeks,  the  patient  ultimately 
dying  fr  om  exhaustion  or  from  some  secondary  complication,  as  pyaemia. 

Diagnosis.— Superficial  cellulitis  closely  resembles  cellulo-cutaneous  erysipe- 
las, and  in  the  later  stages  it  may  be  indistinguishable  when  the  skin  becomes 
affected.  In  any  case  the  diagnosis  is  of  little  importance  as  the  treatment  is 
the  same.  Deep-seated  celluKtis  is  often  very  difficult  to  recognize  ;  the 
swelling,  with  some  oedema  and  slight  redness,  the  fulness  of  the  superficial 
vems,  and  the  deep-seated  pain  and  tenderness,  with  the  history  of  a  cause 
likely  to  induce  the  disease,  as  a  post-mortem  wound,  combined  with  the 
characteristic  constitutional  condition,  \y\]1,  however,  usually  enable  the 
Surgeon  to  recognize  the  condition. 

Treatment.— In  the  treatment  of  diffuse  cellulitis  it  is  usually  necessary  to 
administer  stimulants  early  ;  ammonia,  wine,  or  brandy  may  be  required  from 
the  very  first.  The  Surgeon  must  judge  of  this  by  the  constitutional  condition 
of  the  patient,  and  more  particularly  by  the  state  of  his  pulse  and  tongue. 
The  Local  Treaim&it  is  precisely  of  the  same  kind  as  that  adopted  in  phleg- 
monous erysipelas,  except  that  the  incisions  require  to  be  made  earlier  and 
perhaps  more  freely  ;  in  all  other  respects,  there  is  no  difference  between  the 
general  management  of  the  two  forms  of  disease. 

Special  Forms  of  External  Erysipelatous  Infla^aimatiox.— Erysi- 
pelas of  Newly-born  Infants,  Erysipelas  Neonatorum,  is  occasionally 
met  with,  more  particularly  in  lying-in  hospitals,  or  in  situations  where  the 
mother  and  child  are  exposed  to  depressing  causes  of  disease.  It  usually 
appears  a  few  days  after  the  bii'th,  at  first  about  the  abdomen  and  genitals, 
and  soon  spreads  widely  over  the  body,  being  characterized  by  a  dusky  redness 
which  rapidly  riuis  into  gangi-cne  of  the  affected  tissues.    It  starts  in  many 
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cases  from  the  raw  surface  left  by  the  separation  of  the  umbilical  cord.  It  is 
extremely  fatal,  owing  to  the  feeble  vitality  of  the  child,  aud  presents  but  few 
points  for  treatment ;  change  of  air  and  of  nursing,  with  the  administration 
of  a  few  drops  of  spirits  of  ammonia  or  brandy  from  time  to  time,  being  all 
that  can  be  done. 

Idiopathic  Erysipelas  of  the  Head  is  always  of  the  simple  cutaneous 
form,  having  no  tendency  to  end  in  suppuration  or  gangrene.  The  only 
pecuUarity  it  presents  is  the  excessive  oedema  of  the  subcutaneous  tissue  that 
usually  accompanies  it,  which  completely  obliterates  the  features.  As  the 
result  of  the  tension  caused  by  this,  a  little  pus  may  occasionally  form  in  the 
eyehds.  Large  blebs  on  the  skin  are  very  conunon.  It  is  always  accom- 
panied by  some  redness  and  soreness  of  the  throat.  The  inflammation  as  a 
rule  starts  from  the  junction  of  the  mucous  membrane  and  skin,  as  at  the 
angle  of  the  eye,  spreading  quickly  to  the  bridge  of  the  nose  ;  at  the  orifice  of 
the  meatus  auditorius  externus,  or  the  angle  of  the  mouth.  Its  origin  without 
a  small  abrasion  or  wound  has  been  frequently  denied.  The  course,  symptoms, 
prognosis  and  treatment  are  those  of  simple  cutaneous  erysipelas  (pp.  944  et  seq.). 

Cellulitis  of  the  Orbit  may  occur  primarily,  or  as  the  result  of  extension 
of  the  disease  fi.-om  the  neighboming  structures.  It  is  dangerous,  and  often 
fatal  from  thrombosis  of  the  cavernous  sinus  and  meningitis.  It  commences 
with  a  violent  deep-seated  pain  in  the  orbit ;  the  conjunctiva  becomes  injected 
and  ecchymosed,  the  eyelids  are  greatly  swollen,  red,  and  oedematous  ;  the 
t7eball  proti-udes,  and  vision  is  impaired  or  altogether  lost.  Symptoms  of 
cerebral  inflammation  may  now  set  in,  the  patient  becoming  delirious  and 
anally  comatose. 

The  Treatment  consists  in  fomentations,  with  early  and  free  incisions  into 
the  orbit,  made  by  pusliing  a  lancet  flat-wise  between  the  eyeball  and  the 
orbita  walls,  through  the  inflamed  conjunctiva,  the  eyelids  having  previously 
been  everted.  In  this  way  inflammatory  effusions  and  pus  may  be  evacuated, 
and  the  eye  saved.  Destructive  abscesses  of  the  orbit  occasionally  occur  in  the 
])uerperal  state,  requu'ing,  when  practicable,  the  free  evacuation  of  pus,  in  the 
way  just  mentioned. 

Diffuse  Cellulitis  of  the  Scalp  following  wound  has  been  already 
described  (pp.  723,  724). 

Diffuse  Cellulitis  of  the  Suhmaxillary  Region  was  first  accurately 
recognized  by  Ludwig,  of  Stuttgart,  in  1836  ;  hence  the  affection  has  some- 
times received  the  name  of  Ludwig's  Angina.  It  has  been  specially  described 
also  by  Bickersteth,  of  Liverpool,  and  by  Croly,  of  Dublin,  and  in  an 
exhaustive  paper  by  R.  W.  Parker  {Lancet,  Vol.  II.,  1879).  Submaxillary 
cellulitis  is  an  acute  diffuse  inflammation  of  the  areolar  tissue  beneath  the 
deep  cervical  fascia,  attended  by  the  ordinary  severe  constitutional  symptoms 
of  diffuse  cellulitis,  and  terminating  rapidly  in  suppuration,  with  sloughing  of 
the  affected  tissues  unless  relieved  by  prompt  and  efiicient  treatment.  The 
peculiar  danger  of  the  affection  depends  on  the  importance  of  the  parts  affected 
and  on  the  density  of  the  cervical  fascia,  beneath  which  the  inflammatory 
]iroducts  arc  pent  up  at  a  high  degree  of  tension.  The  disease  may  commence 
Avithout  evident  cause  after  exposure  to  cold,  and  is  said  occasionally  to  have 
appeared  in  an  epidemic  form ;  it  may  arise  also  from  extension  from  the  lymphatic 
glands  in  scarlet  fever,  or  may  follow  wounds  or  other  injuries.  In  other  cases 
it  is  connected  with  a  diseased  tooth,  most  commonly  with  necrosis  of  the  fang. 
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It  may  occur  at  any  age  ;  iu  adults,  according  to  Furneaux  Jordan,  it  most 
frequently  occurs  in  those  addicted  to  excessive  drinking.  It  commences  as  a 
brawny  inflammatory  swelling  at  tlie  fore-part  of  the  neck,  or  near  the  angle  of 
the  jaw,  surromiding  the  submaxillary  gland,  or  more  rarely  tlie  parotid.  It 
rapidly  spreads  towards  the  chin,  extending  to  the  opposite  side,  and  after- 
wards down  the  neck  over  the  larynx.  The  tongue  is  pushed  upwards,  and  the 
hardened  tissue  can  be  felt  in  the  floor  of  the  mouth  on  each  side  of  it  ;  the 
movements  of  the  jaw  are  interfei-ed  with,  and  deglutition  becomes  difficult. 
Sometimes  there  is  great  swelling  of  the  tongue  from  pressure  on  the  lingual 
veins.  When  gangrene  of  the  areolar  tissue  sets  in,  the  swelling  becomes  softer 
and  boggy  ;  the  mucous  membrane  may  give  way,  and  a  foul  discharge  may 
come  from  the  mouth.  If  unreheved  by  treatment  it  is  extremely  fatal  ;  death 
may  occur  from  blood-poisoning  or  from  suffocation,  the  disease  spreading  to 
the  root  of  the  epiglottis,  and  producing  oedema  glottidis. 

The  Treatment  consists  in  making  a  free  incision  in  the  mesial  line,  from 
the  chin  to  the  os  hyoides,  through  the  infiltrated  parts,  from  which,  if  it  be 
made  sufficiently  early,  a  thin  dark  serum,  but  no  pus  will  be  seen  to  exude. 
The  incision  must  be  carried  to  a  depth  of  two  inches  or  more  towards  the 
base  of  the  tongue,  keeping  careftilly  to  the  middle  line,  mitil  the  whole  of  the 
brawny  infiltration  has  been  divided.  If  the  swelling  has  commenced  at  one 
side  and  has  not  reached  the  middle  line,  whenever  it  is  possible  the  incision 
should  still  be  kept  in  the  same  situation,  as  lateral  incisions  are  accompanied 
by  great  danger  of  heemorrhage  which  it  would  be  very  difficult  to  aiTest.  If 
the  condition  be  connected  with  a  diseased  tooth,  a  small  cavity  will  often  lie 
found  at  a  considerable  depth,  containing  the  most  abominably  foetid  matter, 
and  at  the  bottom  of  this,  bare  bone  may  be  felt  on  the  inner  aspect  of  the  jaw. 
In  spite  of  this,  recovery  usually  occurs  without  the  separation  of  dead  bone. 

Erysipelas  of  the  Scrotum,  the  "  inflammatory  oedema  "  so  well  described 
by  Listen,  is  of  frequent  occurrence,  as  the  result  of  wounds,  ulcers,  and  other 
sources  of  irritation  in  this  neighbourhood.  The  scrotum  swells  to  a  large 
size,  being  uniformly  red,  but  with  a  semi-transparent  glossy  appearance,  pitting 
readily  on  pressure,  and  feeling  somewhat  soft  and  doughy  between  the  fingers  : 
the  integuments  of  the  penis  are  also  greatly  swollen  and  oedematous,  and 
sometimes  the  inflammation  extends  to  the  areolar  tissue  of  the  cord.  The 
chief  characteristic  of  this  form  of  erysipelas  is  its  tendency  to  run  into  slough 
without  any  previous  brawny  or  tense  condition  of  the  parts  ;  the  darti 
becoming  so  distended  with  the  inflammatory  exudation  that  the  circulation 
through  it  is  arrested.  "When  an  incision  is  made  into  it  in  this  state  it 
scarcely  bleeds,  and  the  sides  of  the  wound  present  a  yellowish-white  gelati- 
nous appearance. 

The  Treatment  consists  in  making  a  ft-ee  incision  about  four  inches  in 
length  on  each  side  of  the  septum,  taking  care  not  to  go  so  deeply  as  to 
wound  the  testes  ;  the  part  must  then  be  supported  on  a  pillow,  and  well 
fomented.  If  this  incision  be  not  made  at  once,  a  gi'eat  part  or  even  tin- 
whole  of  the  scrotum  may  slough  away,  leaving  the  testes  and  cords  bare  ;  in 
these  unpleasant  circumstances,  however,  the  parts  will  often  with  great  rapidity 
become  covered  with  new  iutegmuent.  The  oedema  of  the  penis  usually  subsides 
of  itself,  or  after  making  a  few  pimctures  in  it  ;  should  its  integuments,  how- 
ever, threaten  to  slough,  a  free  incision  must  be  made  into  it,  or  the  prepuce 
be  slit  up. 
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Erysipelas  of  the  Pudenda  is  occasioually  met  with  iu  ill-fed  unhealthy 
children  in  whom  cleanliness  is  neglected.  The  parts  become  of  a  dusky  or 
livid  red,  swell  considerably,  and  quickly  run  into  gangrene,  which  spreads 
up  the  abdomen  or  down  the  nates.  It  may  prove  fatal  by  inducing  peritonitis 
or  exhaustion.  In  the  Treatment,  ammonia,  bark,  and  chlorate  of  potash, 
with  good  nourishment,  and  a  little  wine,  are  the  principal  means,  at  the  same 
t  ime  that  the  parts  are  bathed  in  a  warm  antiseptic  solution  and  well  fomented. 

Diffuse  Cellulitis  of  the  Ischio-Rectal  Fossa  is  not  uncommon  in  old 
and  feeble  subjects,  as  the  result  of  exposure  to  cold.  The  symptoms  are 
those  of  celluhtis  in  general,  a  brawny  hard  swelling  by  the  side  of  the  rectum, 
with  redness  of  the  skin,  and  great  pain  and  tenderness.  The  fat  of  the 
ischio-rectal  fossa  rapidly  sloughs,  and  a  foul,  foetid  abscess,  the  pus  of  which 
is  mixed  with  shi-eds  of  gangrenous  tissue,  rapidly  forms.  The  Treatment 
consists  of  free  and  early  incisions.  At  a  later  stage  it  may  be  necessary  to 
divide  the  sphincter  before  the  cavity  will  heal. 

INTEBNAL   ERYSIPELATOUS  INFLAMMATIONS. 

By  Internal  Erysipelas  we  mean  those  forms  of  diffuse  inflammation 
which  affect  the  Mucous  or  Serous  Surfaces. 

Erysipelas  op  Mucous  Surfaces. — The  mucous  tract  that  is  chiefly 
affected  by  this  disease  is  that  covering  the  fauces,  the  pharynx,  or  the  larynx. 

Erysipelas  of  the  Fauces  may  be  due  to  extension  of  the  disease 
from  the  head  and  face  to  these  parts  ;  or  it  may  commence  as  a  primary 
affection,  occurring  perhaps  at  the  same  time  that  the  rash  appears  on  the 
cutaneous  surface  of  some  distant  part  of  the  body.  When  the  fauces  are 
erysipelatous,  they  present  a  bright  crimson  or  scarlet  colour,  with  some 
swelling  and  thickening  of  the  soft  palate  and  uvula ;  the  patient  also  most 
commonly  has  some  huskiness  or  complete  loss  of  voice,  and  occasionally  some 
oroupy  symptoms.  The  glands  at  the  angle  of  the  jaw  are  always  swollen 
and  tender.  At  the  same  time  there  is  a  good  deal  of  febrile  disturbance, 
with  a  pungent  hot  skin  and  quick  pulse.  This  form  of  erysipelas  is  peculiarly 
contagious,  and  occurs  not  unfrequently  in  the  attendants  of  those  who  are 
labouring  mider  some  of  the  other  varieties  of  the  disease ;  of  this  I  have  seen 
numerous  instances.  In  many  cases,  also,  it  is  epidemic,  spreading  through  a 
house  and  affecting  almost  every  inmate. 

Treatment. — The  best  results  are  obtained  by  sponging  the  inflamed  parts 
freely  with  a  strong  solution  of  the  nitrate  of  silver  ;  and,  if  there  be  much 
constitutional  depression,  by  administering  fuU  doses  of  ammonia,  with  cam- 
phor or  bark.  Should  the  disease  go  on  to  sloughing  (which  not  unfre- 
quently happens),  constituting  one  of  the  forms  of  "  putrid  sore  throat,"  the 
mineral  acids  and  bark,  with  chlorinated  gargles,  and  the  brandy-and-egg 
mixture  for  support,  will  be  found  most  useful.  In  many  cases,  this  disease 
continues  limited  to  the  palate  and  fauces  ;  but  in  others  it  extends  upwards 
or  downwards.  It  may  extend  upwards  through  the  nares,  out  of  the  nostrils, 
and  thus  spread  over  the  fixce  and  head,  or  downwards,  iniplicating  the 
larynx. 

Erysipelatous  Laryngitis  is  extremely  dangerous.  The  inflammation, 
commencing  in  the  fauces,  rapidly  spreads  to  the  mucous  membrane  and  loose 
submucous  areolar  tissue  external  to  and  ^vithin  the  larynx,  giving  rise  to 
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extensive  oederaatous  infiltration,  which,  by  obstructing  the  rinia  ^lottidis 
may  readily  suffocate  the  patient.    In  consequence  of  this  special  tendency  to' 
oedema,  the  disease  has  by  many  writers  been  termed  "  mdmmtous  lanjngiiisr 
After  death,  the  submucous  areolar  tissue  of  the  fauces,  tliat  about  the  Ijase  of 
the  epiglottis,  and  especially  that  which  enters  into  the  arytaiuo-epiglottidean 
folds  and  that  covering  the  posterior  part  of  the  larynx,  will  be  found  to  be 
distended  with  serum  or  a  sero-puriform  fluid.    This  infiltration  reaches  to 
the  rima  of  the  glottis,  and,  extending  into  the  interior  of  the  larynx,  gives 
rise  to  such  swelling  that  its  cavity  is  nearly  obliterated.    Great  as  the 
sweUing  may  be,  however,  in  all  these  parts,  it  never  spreads  below  the  true 
vocal  cords.    This  fact,  which  is  very  important,  is  explained  by  the  mucous 
membrane  being  adherent  to  the  fibrous  tissue  of  which  these  structures 
are  composed,  without  the  intervention  of  any  submucous  areolar  tissue. 
The  progress  of  this  oedematous  inflammation  of  the  mucous  membrane  and 
loose  submucous  tissue  in  these  situations,  is  often  amazingly  rapid,  the  swell- 
ng  being  sufficient  to  induce  suffocation  at  the  end  of  thirty-six  or  forty-eight 
hours,  or  even  sooner.    If  the  patient  be  not  carried  off  in  this  way,  there  will 
be  a  great  tendency  to  suppuration  and  sloughing  of  the  affected  tissues,  lead- 
ing perhaps  eventually  to  death  from  septicaemia  or  pytemia. 

The  Symptoms  of  this  affection  are  strongly  marked.  The  patient,  after 
being  attacked  with  erysipelas  of  the  fauces,  attended  by  some  difficulty  and 
pam  in  deglutition,  and  huskiness  of  the  voice,  is  seized  with  more  or  less 
difficulty  in  breathing,  coughs  hoarsely  and  with  a  croupy  sound,  and  com- 
plains of  tenderness  under  the  angles  of  the  jaw  and  about  the  larynx.  The 
difficulty  in  breathing  increases,  and  may  speedily  threaten  the  life  of  the 
patient,  giving  rise  to  intense  fits  of  dyspnoea,  in  one  of  which  he  will  probably 
be  suddenly  carried  off.  The  difficulty  is  greater  in  inspii-ation  than  in  expira- 
tion, as  the  swollen  parts  above  the  opening  of  the  larynx  fall  together  like  a 
valve  in  the  former  act,  while  they  are  easily  separated  by  air  coming  from 
below  in  the  latter.  On  examining  the  throat  the  fauces  will  be  found  much 
reddened  and  dusky  in  tint,  and  by  depressing  the  tongue  the  epiglottis  can  be 
felt,  and  perhaps  seen,  to  be  rigid  and  erect.  Examination  with  the  laryngo- 
scope readily  shows  the  condition  of  the  parts  to  be  as  above  described.  En- 
larged lymphatic  glands  can  usually  be  felt  early  in  the  case  behind  the  angle 
of  the  lower  jaw. 

In  the  Treatment,  local  means  are  of  the  first  importance.    The  tongue 
having  been  well  depressed,  the  posterior  part  of  the  larynx,  the  epiglottis,  and 
the  arytaBuo-epiglottidean  folds  must  be  well  scarified  by  means  of  a  probe- 
pointed  bistoury,  protected  nearly  to  its  extremity  by  strapping  or  lint  wrapped 
round  it.    If  no  better  instrument  be  at  hand  in  case  of  emergency,  a  very 
useful  amount  of  scarification  may  be  done  by  the  nail  of  the  Surgeon's  index- 
finger,  notched  with  a  knife  to  make  it  tear  the  mucous  membrane  more  readily. 
The  patient  should  then  be  directed  to  inhale  the  steam  of  hot  water,  to  which 
a  few  drops  of  creasote  or  carbolic  acid  may  be  added,  and  several  leeches  may 
be  applied  under  each  angle  of  the  jaw,  to  be  followed  by  large  and  hot  poul- 
tices ;  at  the  same  time,  the  bowels  must  be  kept  well  opened,  and  the  jiatient 
treated  by  antiphlogistic  measures  or  otherwise,  according  to  the  constitutional 
condition.    Most  frequently,  I  have  found  antimonials  of  great  service  in  the 
early  stages,  followed  later  by  support  and  stimulants.    A  few  hours  after  the 
engorged  tissues  have  been  unloaded  by  scarification,  the  fauces,  pharynx,  and 
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upper  part  of  the  larynx  should  be  well  sponged  out  with  a  strong  solution  of 
the  nitrate  of  silver  (sixty  grains  to  an  ounce),  Avhich  must  be  applied  freely. 
If,  notwithstanding  the  employment  of  these  measures,  the  dyspnoea  increase, 
the  face  becoming  pale,  livid,  and  bedewed  with  a  clammy  perspiration,  it  will 
be  necessary  to  open  the  windpipe  to  save  the  patient  from  suffocation.  In 
doing  this  I  prefer  laryugotomy,  for  reasons  that  will  be  mentioned  when  I 
come  to  speak  of  the  Diseases  of  and  Operations  on  the  Air-passages.  In  order, 
however,  that  this  operation  may  be  successful,  it  must  not  be  too  long  delayed, 
and  should  not  be  looked  upon  as  a  last  resource  ;  if  it  be  done  in  time  (and 
time  in  these  cases  is  most  precious,  owing  to  the  rapid  progress  of  the  disease), 
che  patient's  life  may  probably  be  saved  ;  but  if  it  be  deferred  too  long, 
congestion  of  the  lungs  will  come  on,  the  blood  will  cease  to  be  properly 
oxygenated,  and  the  patient  will  sink  from  slow  asphyxia,  even  though  air 
be  at  last  freely  admitted.  If  the  patient  survive  to  the  stage  of  sloughing, 
general  support,  with  gargles  of  chlorate  of  potash,  and  bark,  must  be  our 
cliief  reliance. 

Erysipelas  of  the  Serous  Membranes  was  formerly  supposed  to  be  of 
common  occurrence,  all  those  cases  of  diffuse  inflammation  which  are  now 
regarded  as  of  septic  origin  being  at  one  time  classed  as  erysipelatous.  It  is 
highly  probable  that  some  cases  of  diffuse  meningitis  and  peritonitis  follow- 
ing injuries  of  the  head  and  abdomen  are  truly  erysipelatous  and  dependent 
upon  a  specific  virus  ;  but  in  by  far  the  greater  proportion  of  these  cases  the 
inflammation  is  due  to  the  diffusion  of  decomposing  discharges  over  the  surface 
of  the  serous  membrane. 

WHITLOW,    PARONYCHIA    OR  PANARITIUM. 

Whitlow  or  Paronychia  is  a  diffuse  inflammation  of  the  finger  which  is, 
perhaps,  most  conveniently  described  in  this  place  as  in  many  cases  of  essen- 
tially the  same  character  as  cellulitis.  It  occasionally  occurs  in  epidemics  ; 
the  constitutional  disturbance  attending  it  is  often  very  severe  for  an  affection 
apparently  so  slight,  and  assumes  the  same  character  of  speedy  depression  that 
we  observe  in  the  erysipelatous  group  of  diseases.  In  many  cases,  as  the  in- 
flammation spreads  beyond  the  finger  in  which  it  commenced  to  the  back  of 
the  hand,  it  assumes  a  distinctly  erysipelatous  character.  In  others,  however, 
it  is  evidently  not  specific,  and  results  from  the  inoculation  of  ordinary  septic 
matter,  the  subsequent  effects  being  dependent  on  the  anatomical  structure  of 
the  parts  affected. 

Four  forms  of  whitlow  are  commonly  described  : — 

1.  In  the  first,  or  paronychia  ungualis,  the  affection  is  hmited  to  the 
ungual  phalanx  of  the  finger.  It  commences  as  the  result  of  a  prick  or  some 
other  slight  injury,  or  from  the  inoculation  of  septic  matter  into  a  fissure  or 
edge  of  the  nail.  At  first  there  is  redness,  most  commonly  at  one  side  of  the 
nail,  with  some  sweUing  and  the  most  acute  tenderness.  The  inflammation 
soon  reaches  the  stage  of  suppuration,  and  a  drop  of  pus  is  formed  raising  the 
epithelium.  The  thick  epithelium  of  the  finger  confines  the  pus  which,  not 
being  able  to  escape  superficially,  buiTOws  more  deeply.  If  it  be  in  close 
contact  with  the  matrix  of  the  nail  it  may  extend  into  this.  The  nail  then 
becomes  partly  raised  by  pus  from  the  matrix,  and  may  separate  after  long 
and  tedious  suppuration.    In  other  cases  the  pus  buri-ows  into  the  pulp  of  the 
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finger,  and  the  condition  then  merges  into  the  second  variety  to  be  described 
immediately. 

Treatment — As  soon  as  the  patient  complains  of  acute  pain  and  tenderness, 
and  redness  and  swelling  are  evident  in  the  finger,  an  attempt  should  be  made 
to  find  the  exact  locality  of  the  pus  by  pressing  on  the  finger  with  some  blunt 
instrument  such  as  the  point  of  a  pencil.  If  an  acutely  tender  spot  be  found 
the  finger  must  be  soaked  in  hot  water  to  soften  the  cuticle,  which  must  then 
be  carefully  shaved  away  with  a  very  sharp  knife.  In  this  way  a  small  drop 
of  pus  may  often  be  let  out  from  between  the  epidermis  and  cutis,  and  the 
whole  trouble  nipped  in  the  bud.  A  little  wet  boracic  acid  lint  may  then  be 
applied  and  the  finger  soon  heals.  If  it  have  extended  beneath  the  nail  the 
loosened  portion  must  be  cut  away  with  scissors  to  give  a  free  exit  to  the  pus, 
or  in  extreme  cases  the  whole  nail  must  be  removed.  A  little  iodoform  may 
be  dusted  on  the  surface,  and  a  boracic  lint  dressing  applied.  The  strong  lead 
lotion  (p.  322)  is  often  very  useful  in  these  cases. 

2.  Paronychia  Cellulosa  or  Subcutaneous  Whitlow  may  arise,  as  above 
stated,  from  an  extension  of  the  variety  just  described.  In  other  oases  it  is 
caused  by  punctured  wounds  of  the  finger,  especially  when  made  with  dirty 
instruments,  and  occasionally  it  arises  without  evident  cause.  In  it  the  pas 
is  diffused  through  the  fat  and  areolar  tissue  forming  the  pulp  of  the  finger. 
It  runs  the  ordinary  course  of  cellulitis  elsewhere.  The  ungual  phalanx 
becomes  swollen,  tense,  red,  and  most  acutely  tender.  The  redness  may  soon 
extend  to  the  whole  finger,  red  lines  of  infiamed  lymphatics  may  show  up  the 
arm,  and  the  axiUary  glands  may  become  swollen  and  tender.  If  unrelieved 
by  treatment,  the  pus  being  unable  to  point  through  the  thick  cuticle  of  the 
finger,  especially  in  the  horny  hands  of  working-men,  becomes  difibsed  through 
the  whole  pulp.  The  areolar  tissue  sloughs,  and  as  in  this  situation  it  is 
intimately  connected  with  the  periosteum  of  the  ungual  phalanx,  this  also 
perishes  and  the  bone  necroses.  If  stiU  left  unrelieved  it  most  commonly 
raises  the  cuticle,  and  finally  this  gives  way  and  exposes  a  sloughing  opening  in 
the  cutis,  through  which,  if  a  probe  be  passed,  the  bare  ungual  phalanx  may  be 
felt.  In  some  cases,  before  the  pus  finds  exit  externally,  it  may  have  extended 
into  the  sheath  of  the  flexor  tendons  or  the  distal  joint  of  the  finger. 

Treatment. — In  this  form  also  an  attempt  must  be  made  to  find  the  pus 
early  by  shaving  away  the  cuticle,  as  at  first  it  is  often  very  Hmited  in  amount 
and  superficial.  If  this  fails  and  the  symptoms  are  not  very  acute,  the  finger 
must  be  thickly  coated  with  glycerine  and  belladonna,  and  wrapped  in  a  few 
layers  of  hot  wet  lint,  over  which  must  be  placed  some  gutta-percha  tissue 
made  into  a  cot  by  sealing  its  edges  with  chloroform.  The  finger  must  then 
be  wrapped  in  cotton-wool  and  the  hand  elevated.  Under  this  treatment  the 
inflammation  may  subside  without  suppuration.  Soaking  the  hand  at  intervals 
in  hot  water  gives  much  relief.  If,  in  spite  of  this,  the  symptoms  become 
more  marked,  a  longitudinal  incision  must  be  made  in  the  middle  line  of  the 
pulp  of  the  finger.  It  must  be  remembered  that  the  tense  swollen  pulp  gives 
a  sensation  exactly  resembling  fluctuation,  for  which  it  may  readily  be  mis- 
taken. After  the  pus  is  evacuated  the  wound  should  be  treated  by  some 
antiseptic  dressing,  and  usually  heals  quickly, 

3.  Paronychia  Osseosa  or  Periosteal  Whitlow  is  a  rare  form  in  which 
the  inflammation  commences  deeply  in  the  j^ulp  in  immediate  contact  with 
the  periosteum  of  the  phalanx.    It  is  said  most  commonly  to  follow  severe' 
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pinches  or  contusions  of  the  finger.  It  is  characterised  by  intense  throbbing 
pain  shooting  up  the  arm.  The  symptoms  develop  rapidly,  with  a  good  deal 
of  constitutional  disturbance.  The  pulp  of  the  finger  is  very  tense,  and  the 
I'eduess  extends  to  the  other  phalanges.  The  treatment  consists  of  a  free 
incision  to  the  bone  in  the  middle  line  of  the  pulp.  The  phalanx  will  be 
fouud  bare  and  already  separated  from  its  periosteum. 

The  treatment  of  a  necrosed  ungual  phalanx,  either  arising  from  this  form  of 
whitlow  or  the  preceding,  consists  in  removal  of  the  dead  bone  through  the 
incision  in  the  pulp.  The  phalanx  should  never  be  amputated,  as  a  useful 
extremity  to  the  finger  is  always  left  after  removal  of  the  bone. 

4.  Paronychia  Teudinosa,  Thecal  Abscess,  or  suppuration  in  the 
sheaths  of  the  flexor  tendons,  is  a  more  serious  condition  than  the  preceding, 
and  is  fraught  with  danger  to  the  finger  or  hand.  It  may  arise  as  the  conse- 
quence of  a  punctured  wound  penetrating  the  sheath,  or  by  extension  from 
ne  of  the  other  varieties  of  whitlow.  The  whole  finger,  both  back  and 
front,  swells  considerably,  becomes  red  and  tense,  with  much  throbbing  and 
.shooting  pain.  The  affected  finger  is  semi-flexed,  and  any  attempt  to  extend 
it  causes  intense  pain.  The  swelling  soon  extends  into  the  palm  at  the  root 
of  the  finger  and  to  the  corresponding  knuckle  on  the  back  of  the  hand. 
The  swollen  palm  usually  preserves  nearly  its  natural  colour,  or  if  soaked  in 
water  or  poulticed  becomes  dull  white,  owing  to  the  great  thickness  of  its 
cuticle.  The  most  marked  redness  is  usually  on  the  knuckle  and  at  the 
back  of  the  finger,  which  may  give  a  false  idea  as  to  the  situation  of  the  pus. 
The  constitutional  disturbance  is  severe  and  the  temperature  considerably 
elevated. 

In  this  condition,  unless  prevented  by  treatment,  the  pus  will  extend  to  the 
limits  of  the  sheath  in  which  it  is  contained.  The  sheaths  of  the  index, 
middle. and  ring  fingers  do  not  communicate  with  the  general  sheath  which 
passes  under  the  annular  hgament,  but  are  closed  below  opposite  the  heads  of 
the  metacarpal  bones,  and,  therefore,  in  suppuration  in  these  fingers  the .  pus 
does  not  extend  beyond  that  point.  The  sheath  of  the  little  finger,  on  the 
other  hand,  always  communicates  with  the  general  sheath.  The  sheath  of  the 
tendon  of  the  thumb  is  uncertain ;  in  some  cases  a  special  synovial  membrane 
covers  the  tendon  passing  under  the  annular  ligament  without  communicating- 
with  the  general  sheath,  in  others  it  joins  the  common  sheath.  Thecal 
abscess  in  the  thumb  or  little  finger  is,  therefore,  far  more  serious  than  the 
same  condition  in  the  three  middle  digits.  "When  the  suppuration  extends  to 
the  common  sheath  the  most  prominent  symptom  which  attracts  the  attention 
of  the  patient  is  the  red  puffy  swelling  at  the  back  of  the  hand .  The  Surgeon 
on  seeing  this  will  always  turn  the  hand  over  and  examine  the  palm.  This 
will  be  found  to  be  tense  and  tender  on  pressure.  There  will  be  fiilness  in 
front  of  the  wrist  above  the  annular  ligament,  and  often  some  redness.  If 
much  pus  is  present,  fluctuation  may  be  felt  from  the  palm  to  the  swelling  in 
the  wrist.  The  fingers  are  semi-flexed  and  any  attempt  to  extend  them  causes 
pain,  but  this  is  most  marked  in  the  thumb  and  little  finger.  If  an  opening 
exists  already  in  the  digital  part  of  the  sheath  of  the  thumb  or  httle  finger, 
pressure  on  the  palm  wiU  cause  pus  to  flow  from  it.  If  an  exit  be  not  provided 
for  the  pus  it  may  burst  through  the  upper  limit  of  the  flexor  sheath,  and 
extend  between  the  deep  and  superficial  muscles  of  the  fore-arm  nearly  to  the 
■  elbow.    Owing  to  the  close  proximity  of  the  synovial  membrane  to  the  inter- 
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phalangeal  articulations  and  the  wrist  joint,  it  not  uncommonly  happens  that 
these  become  opened  and  destroyed  by  acute  septic  arthritis  ;  and  thus  this 
condition  may  necessitate  amputation  of  a  finger,  or  if  the  common  sheath  is 
aifected,  of  the  whole  hand.  Sloughing  of  the  flexor  tendons  is  a  very  common 
occurrence  in  thecal  abscess,  some  inches  of  the  tendon  coming  away  after 
prolonged  suppuration,  leaving  the  finger  stiff  and  useless. 

Treatment. — It  is  most  important  in  all  cases  of  thecal  abscess  that  the  pus 
should  be  let  out  early  and  by  free  incisions,  in  order  to  avert  all  the  complica- 
tions above  mentioned.  To  do  this  the  patient  should  be  put  under  an 
anaesthetic,  and  the  limb  rendered  bloodless  by  elevation  and  the  application  of  j 
a  tourniquet.  An  incision  must  be  then  made  carefully  towards  the  affected 
sheath.  It  must  be  exactly  in  the  middle  line  in  the  finger,  and  not  opposite 
one  of  the  interphalangeal  articulations.  It  may  be  that  the  pus  is  in  close 
contact  with  the  sheath  and  not  in  it,  and  if  the  hmb  be  bloodless  this  is  easily 
recognised,  and  the  complication  of  opening  the  synovial  membrane  avoided. 
1  f  the  swelling  extends  to  the  palm  the  incision  may  be  made  without  danger  of 
Avounding  the  palmar  arches  or  any  important  nerves,  by  cutting  towards  the 
head  of  a  metacarpal  bone  upon  the  bone  itself  and  parallel  to  its  axis,  so  as 
to  avoid  the  interdigital  spaces.  If  the  common  sheath  is  affected  it  must  be 
opened  above  the  annular  ligament  at  the  wi-ist.  If  the  httle  finger  has  been 
the  starting  point  of  the  mischief  the  incision  must  be  made  to  the  outer  side 
of  the  middle  line.  It  must  be  carried  carefully  down  to  the  tendons  of 
the  superficial  flexor,  which  here  have  some  fleshy  fibres  attached  to  them. 
The  tendons  and  bellies  of  the  muscles  must  then  be  separated  with  blunt 
hooks  and  the  handle  of  the  scalpel,  and  the  pus  will  be  found  in  the  space 
between  them  and  the  deep  flexor.  If  the  thumb  has  been  the  starting  point, 
the  pus  may  be  in  a  separate  sheath  to  the  outer  side  ;  the  incision  must 
therefore  be  made,  if  possible,  along  the  inner  side  of  the  flexor  carpi  radialis. 
This  has  the  inconvenience  of  being  close  to  the  median  nerve,  which  may  be 
irritated  by  the  drainage-tube,  but  if  the  wound  be  on  the  other  side  of  the 
tendon,  the  radial  artery  is  endangered.  After  these  openings  have  been 
made  the  sheaths  should  be  syringed  out  with  perchloride  of  mercury  (1  in 
1,000)  and  drainage-tubes  inserted.  If  the  pus  bursts  beyond  the  limits  of 
the  synovial  membrane  and  burrows  upwards  between  the  deep  and  superficial 
muscles,  it  can  be  reached  only  from  the  inner  side  of  the  arm  by  a  free 
incision  along  the  outer  border  of  the  flexor  carpi  ulnaris,  as  the  radial  origin 
of  the  flexor  sublimis  comes  in  the  way  on  the  other  side.  (See  ligature  of 
Ulnar  Artery  in  the  middle  of  the  arm.  Chap.  XLIV.,  Vol.  II.)  In  tlio 
after  treatment  of  these  cases  some  eflicient  antiseptic  dressing  should  be 
applied,  and  much  relief  is  afforded  by  hot  boracic  acid  baths.  A  con- 
ti-acted  and  useless  hand  may  be  left ;  or  in  spite  of  all  that  can  be  done,  the 
wrist  joint  may  be  destroyed  and  amputation  become  necessary.  The  only 
hope  of  saving  a  useful  hand  lies  in  very  free  and  early  incisions,  and  the  use 
of  drainage-tubes  and  antiseptics  in  the  subsequent  treatment.  If  the  hand 
is  put  upon  a  splint,  the  fingers  must  be  slightly  flexed,  so  that  if  adhesions 
form,  it  may  be  possible  to  break  tliem  down  by  forced  extension. 

Senile  Teno-Synovitis. — There  is  a  form  of  acute  suppurative  inflamma- 
tion of  the  fingers  and  hand  sometimes  exteuding  to  the  wrist-joint,  which 
occurs  in  old  people  of  feeble  constitution.  It  usually  arises  from  some 
trivial  irritation  or  infection,  and  runs  its  course  of  disorganization  with 
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rapidity.  It  appears  to  be  a  disease  of  the  hand  due  mainly  to  senile  degenera- 
tion, in  this  respect  resembling  the  gaiagrena  senilis  of  the  foot,  but 
differing  in  its  more  acute  character  and  suppurative  tendency.  The  joints 
of  the  fingers,  metacarpus  and  carpus,  become  disorganized  and  the  bones 
necrose.  This  disease  requires  an  active  tonic  and  nutritive  treatment.  The 
affected  parts  should  not  be  too  much  soddeued  by  wet  appUcations. 
Amputation,  partial  or  complete,  may  at  last  be  required. 
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SEPTICEMIA  AND  PYEMIA. 

_  Definitions.— The  terms  septicemia  and  pyaemia  have  been  used  with 
different  meanings  by  different  authors,  and  before  proceeding  to  discuss 
the  affections  to  which  they  are  applied,  it  is  necessary  briefly  to  define  the 
sense  in  which  they  will  be  used  here. 

The  term  Septicaemia  is  applied  to  a  constitutional  disorder  produced  by 
the  entrance  into  the  blood-stream  of  a  poison  generated  in  a  wound  the 
discharges^  of  which  are  undergoing  putrefaction  or  fermentative  changes. 
The  resulting  process  is  not  accompanied  by  the  formation  of  secondary  or 
metastatic  centres  of  inflammation  or  suppuration.  Experiments  on  animals 
have  shown  that  two  distinct  forms  of  disease  may  arise  from  the  entrance  of 
putrid  matter  into  the  blood-stream.  First,  an  acute  general  affection,  not 
infective  in  character,  resulting  from  the  admixture  of  the  chemical  products 
of  putrefaction  with  the  blood  ;  this  poison  does  not  increase  in  the  system, 
and  its  effects  are  proportional  to  the  dose.  Secondly,  a  true  infective 
process,  dependent  on  a  specific  virus,  which  multiplies  in  the  organism 
like  that  of  an  acute  specific  fever,  so  that  its  effects  are  not  proportional  to 
the  original  dose.  The  former  of  these  conditions  has  received  the  name  of 
septic  poisoning  or  septic  intoxication,  the  latter  of  septic  infection. 
By  some  authors  the  infective  form  of  septicsemia  has  been  described  under 
the  name  of  pysemia  simplex. 

Pyaemia  is  a  general  disease  consequent  upon  the  entrance  into  the  blood- 
stream of  a  virus  contained  in  the  products  of  a  local  unhealthy  inflammation. 
It  is  accompanied  by  the  formation  of  secondary  centres  of  suppuration  dis- 
seminated throughout  the  body.  The  name  pyemia  was  originally  derived 
from  the  theory  that  the  disease  was  due  to  the  entrance  of  pus  into  the 
blood-stream,  and,  although  this  theory  is  no  longer  regarded  as  true,  the  word 
has  come  to  have  so  definite  a  clinical  significance  that  it  would  be  incon- 
venient to  change  it.  Pyemia  almost  invariably  arises  in  connexion  with 
wounds  the  discharges  of  which  are  in  a  putrid  condition,  and  consequently 
is  frequently  comph'cated  with  septic  poisoning.  It  may  arise  also  from 
wounds  or  sores  which  have  previously  been  attacked  by  cutaneous  erysipelas, 
diffuse  cellulitis,  or  hospital  gangrene.  It  is  evident,  therefore,  that  in  actual 
practice  these  various  secondary  diseases  often  become  more  or  less  confused 
together,  giving  rise  to  forms  apparently  intermediate  between  the  different 
affections,  which  have  led  to  much  confusion  with  regard  to  them. 

Experimental  Investigations  into  the  Nature  of  Septicjemia  and 
Pyemia. — The  first  experiments  on  this  subject  were  made  by  Gaspard  in 
the  early  part  of  this  centmy  and  first  published  in  1822,  since  which  time 
investigations  have  been  almost  continuously  carried  on  up  to  the  present 
time  by  Virchow,  Panum,  0.  Weber,  Billroth,  v.  Bergmann,  Burdon  Sanderson, 
Chauvcau,  Koch,  Hueter,  Klebs,  and  many  others.    The  literature  of  the 
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subject  is  now  bo  vast  that  it  is  impossible  here  to  give  more  than  the  briefest 
possible  summary  of  the  results  that  have  been  obtained. 

If  a  septic  liquid,  such  as  putrid  blood  or  serum,  or  water  in  which  animal 
tissues  have  been  macerated,  be  carefully  filtered  and  injected  either  into  the 
subcutaneous  tissue  or  directly  into  a  vein  of  an  animal,  certain  definite 
symptoms  are  produced.  If  the  dose  injected  be  in  sufficient  quantity  to  prove 
fatal,  the  first  symptom  is  a  slight  shudder,  followed  by  some  muscular  twitchings 
and  restlessness  ;  but  muscular  power  soon  begins  to  fail  and  the  animal  falls  on 
its  side.  In  the  meantime  symptoms  referable  to  the  alimentary  tract  develop ; 
vomiting  and  profuse  diarrhoea  with  tenesmus  set  in.  The  ejecta  are  at  first 
feculent,  but  rapidly  become  serous  and  tinged  with  blood.  Dyspnoea  comes 
on,  power  over  the  voluntary  muscles  is  still  further  lost,  and  death  ensues 
apparently  from  failm-e  of  the  heart's  action.  The  temperature  rises  at  first 
from  three  to  four  degrees  and  then  gradually  subsides,  rapidly  falling  at  last 
to  one  or  two  degrees  below  the  normal  as  the  animal  dies.  The  fatal  effect 
is  produced  in  from  two  to  three  hours,  or  even  less,  to  twenty-four  hours,  or 
more,  according  to  the  dose.  If  the  quantity  injected  be  insuflficient  to  cause 
death  the  animal  quickly  recovers  its  normal  health,  even  though  severe 
gastro-intestinal  symptoms  may  have  been  induced.  When  smaller  doses  are 
nsed  a  febrile  disturbance  of  limited  duration  is  the  only  result. 

If  an  animal  killed  in  this  way  be  examined  after  death,  tolerably  unifonn 
appearances  are  met  with  ;  the  blood  is  dark-coloured,  and  sometimes  im- 
perfectly coagulated,  the  inner  coat  of  the  vessels  and  the  endocardium  are 
darkly  stained,  and  the  serum  is  reddened  by  the  colouring  matter  of  the  red 
corpuscles,  which  have  become,  to  a  certain  extent,  disintegrated  in  tlie  blood 
even  before  the  death  of  the  animal.  Small  extravasations  of  blood  (petechige) 
are  found  beneath  the  pericardium  and  pleura,  and  occasionally  in  other 
parts  ;  the  lungs  are  congested,  the  glandular  viscera  swollen,  and  the  spleen 
enlarged,  soft,  and  pulpy.  The  mucous  membrane  of  the  intestines  is  intensely 
injected,  and  its  epithelium  is  found  to  have  been  separated. 

Further  experiments  have  shown  that  the  blood  in  an  animal  thus  killed  is 
not  infective,  and  contains  no  recognizable  microscopic  organisms.  The 
process  is,  therefore,  assumed  to  be  one  of  simple  poisoning  by  a  chemical 
poison,  and  no  more  an  infective  process  than  if  arsenic  or  any  similar  sub- 
stance were  injected  into  the  blood-stream.    From  the  time  of  Gaspard  eiforts 
have  been  made  to  ascertain  the  exact  chemical  nature  of  the  toxic  substance 
developed  in  animal  fluids  during  putrefaction.    This,  however,  has  not  as  yet 
been  accomplished.  By  adding  strong  boiling  alcohol  to  a  clear  filtered  solution 
of  putrid  meat-infusion  a  precipitate  is  obtained,  which  can  be  again  dissolved 
in  water,  and  the  clear  solution  possesses  the  most  intensely  toxic  properties, 
giving  rise,  if  injected,  to  the  characteristic  symptoms  of  septic  poisoning.  The 
poison  is,  therefore,  soluble  in  water  and  precipitable  by  alcohol.  Von  Bergmann 
succeeded  in  further  extracting  a  crystalline  substance,  to  which  he  gave  the 
name  of  "  sepsm,"  but  it  has  not  by  any  means  been  conclusively  proved 
that  this  is  the  sole  poisonous  principle  in  putrid  fluids.    The  clear  solution 
of  the  septic  poison  is  perfectly  fi-ee  from  microscopic  organisms.  The  relation 
of  microscopic  organisms  to  the  process  of  putrefaction  has  already  been 
discussed  (p.  176  et  seq.)  ;  and  assuming  the  germ-theory  of  decomposition  to 
be  true,  bacteria,  although  not  themselves  concerned  directly  in  the  production 
of  the  symptoms  of  septic  poisoning,  are  essential  to  the  production  of  the 
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poison.  That  they  are  not  the  actual  jDoison  was  shown  by  Hiller,  who  col- 
lected !i  mass  of  the  ordinary  bacteria  of  putrefaction  on  a  filter,  washed  thein 
in  distilled  water,  and  then  injected  tliem  into  animals,  and  also  into  his  own 
body  without  producing  any  evil  effect.  That  the  bacteria  had  not  been 
injured  by  the  distilled  water  was  shown  by  control  experiments  in  which 
their  power  of  growing  and  causing  putrefaction  in  organic  solutions  wa& 
demonstrated. 

Those  experiments  may,  therefore,  be  said  to  show  that  in  the  process  of 
putrefaction  a  complex  substance  is  formed  whicli  is  soluble  in  water,  and 
possesses  intensely  toxic  properties,  in  small  doses  giving  rise  to  severe  febrile 
disturbance,  in  large  doses  causing  a  fatal  ilhiess  accompanied  by  definite 
symptoms.  The  afiection  thus  produced  in  its  most  intense  form  is  spoken  of 
as^  septicsimia,  but  to  avoid  confusion  is  better  termed  sej)tk  yoisoning.  The 
etect  produced  by  a  smaller  dose  forms,  as  has  already  been  pointed  out,  one 
form  of  so-called  traumatic  fever. 

The  injection  of  putrid  animal  fluids  into  the  subcutaneous  tissue  or 
blood-stream  is  not,  however,  in  all  cases  followed  merely  by  poisoning 
from  the  chemical  products  of  putrefaction.    Under  certain  conditions  a 
true  infective  process  ensues,  as  was  first  pointed  out  by  Davaine.    The  best 
example  of  this  process  is  perhaps  furnished  by  the  experiments  of  Eobeit 
Koch,  m  which  putrid  fluids,  such  as  blood  or  meat-infusion  were  injected 
into  house-mice  beneath  the  skin  of  the  back.    If  the  quantity  used  was 
sufiicient  the  animals  died  with  all  the  symptoms  of  septic  poisoning  in  four 
or  five  hours.    When  one  drop  only  was  injected  about  two-thirds  of  "the  mice 
recovered  without  any  serious  symptoms,  but  in  the  remaining  third,  after 
twenty-foui-  hours  of  apparent  health,  a  definite  illness  set  in  which  invariably 
terminated  fatally  in  from  forty  to  sixty  hours  after  inoculation.    The  first 
symptom  was  a  dulness  of  the  eye,  with  increased  secretion  from  the  conjunc- 
tiva, the  animal  became  languid,  ceased  to  eat,  and .  finally  sat  still  with  its 
back  bent  [and  its  legs  drawn  under  it.    Its  respirations  gradually  became 
slower  and  death  came  on  almost  imperceptibly.    On  examining  it  after 
death  some  local  inflammation,  with  serous  exudation,  was  found  at  the  seat 
of  inoculation,  but  the  internal  organs  showed  no  marked  change  beyond 
some  sweUing  of  the  spleen.    If  the  point  of  a  knife  was  dipped  in  the  blood, 
or  in  the  exudation  at  the  seat  of  inoculation,  and  a  mere  scratch  Avas  then 
made  with  it  on  the  ear  or  tail  of  another  mouse,  death  invariably  followed, 
with  the  same  symptoms  and  in  about  the  same  time,  and  thus  "the  disease 
might  be  transmitted  indefinitely  from  animal  to  animal.    A  drop  of  the 
blood  from  an  infected  mouse  placed  on  a  glass  slide,  dried,  stained  with 
methyl-violet,  and  mounted  in  Canada  balsam,  was  found  to  contain  vast 
niimbers  of  very  delicate  bacilli,  about  ^-gVo  of  an  inch  long,  and  one-eighth 
of  their  length  in  breadth.    Many  of  these  were  seen  to  have  iienetrated  into 
the  substance  of  the  white  corpuscles,  and  apparently  to  have  multiplied  within 
them. 

An  attempt  was  made  to  transmit  the  disease  to  animals  of  other  species, 
but  without  success.  Even  the  field-mouse,  though  a])i>iirently  so  nearly  alhed 
to  the  house-mouse,  wa.s  found  to  be  incajjable  of  receiving  the  poison. 

A  general  infective  process  was  induced  by  Davaine  in  a  similar  way  iu 
rabbits  by  the  inoculation  of  ])utrid  fluids  ;  but  the  organism  found  in  the 
blood  was  in  that  case  a  micrococcus  not  a  bacillus.     Both  Davjiiuc  and 
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Ivoch  found  that  the  infective  process  was  more  certainly  induced  by  fluids  in 
an  early  stage  of  decomposition. 

The  infective  processes  in  this  way  have  been  described  as  "  septicemia  " 
by  both  Davaine  and  Koch,  but  as  that  term  is  also  applied  to  the  simple 
chemical  poisoning  from  putrid  matter  it  is  better  to  speak  of  the  infective 
disease  as  se^)tic  infection,  and  the  non-infective  as  septic  jjoisoninff. 

The  foregoing  experiments  have  shown,  therefore,  that  an  acute  infective 
process,  uuaccompauied  by  the  formation  of  secondary  centres  of  inflammation,, 
ran  be  induced  both  in  mice  and  rabbits  by  the  injection  of  putrid  animal 
fluids  beneath  the  skin. 

Koch  succeeded  in  further  experiments  in  producing  an  infective  disease, 
iu  which  the  development  of  secondary  centres  of  inflammation  formed  a  part 
of  the  process.  A  fluid,  prepared  by  macerating  a  piece  of  the  skiu  of  a  mouse, 
was  injected  beneath  the  skin  of  a  rabbit.  After  two  days  the  animal  became 
ill  and  gTadually  growing  weaker  died  105  hours  after  the  injection.  The 
jwst-mortem  examination  showed  a  dift'use  purulent  inflammation  at  the 
seat  of  inoculation,  which  had  extended  to  the  peritoneum  ;  the  spleen 
was  swollen  and  the  liver  contained  grey  wedge-shaped  patches,  and  dark  red 
airless  spots  the  size  of  a  pea  were  found  in  the  lungs.  Micrococci  were 
found  in  great  numbers  throughout  the  body,  especially  in  the  parts  that 
had  undergone  changes  visible  to  the  naked  eye.  In  the  vessels  in  many 
parts,  dense  masses  of  micrococci  mixed  with  red  corpuscles  were  found 
adherent  to  the  walls,  and  Koch  felt  justified  in  coming  to  the  conclusion  that 
capillary  thrombi  were  thus  produced,  and  that  the  patches  in  the  lungs  and 
liver  were  caused  in  this  Avay.  In  the  metastatic  deposits,  not  only  were  the 
vessels  plugged  with  mixed  red  corpuscles  and  micrococci,  but  the  organisms 
had  penetrated  the  walls  of  the  vessels  and  were  invading  the  surrounding 
tissues.  Some  blood  from  the  affected  animal  injected  beneath  the  skin  of 
another  rabbit  produced  essentially  the  same  condition  which  terminated 
fatally  in  forty  hours.  The  disease  thus  induced  was,  therefore,  a  general 
infective  process  accompanied  by  secondary  or  metastatic  deposits  closely 
resembling  those  met  with  in  pyjemia  in  man. 

Lastly,  numerous  experiments  have  been  made  by  Cruveilhier,  Sedillot, 
Virchow,  0.  Weber,  Henry  Lee,  Savory,  and  many  others  with  the  view  of 
ascertaining  the  part  played  by  embolism  in  the  production  of  the  secondary 
abscesses  in  pyaemia.  The  result  of  these  has  been  to  show,  that  if  a  fluid  hold- 
ing in  suspension  solid  particles  of  sufficient  size  to  lodge  in  the  smaller  arteries 
of  the  lung  be  injected  into  the  blood-stream,  the  effect  produced  will  depend 
upon  whether  the  solid  matter  is  irritating  or  not.  Non -irritating  emboli 
lodging  in  the  terminal  arteries  of  the  lung  cause  the  part  cut  off'  from  the 
direct  blood-supply  to  be  intensely  injected  with  blood.  The  Avails  of  the 
capillaries  soften  and  give  way,  and  hsemorrhage  takes  place  into  the  tissue  of 
the  lung.  A  Avedge-shaped  airless  patch  is  thus  formed  of  dark  purple  colour 
fm  the  suiface,  or  as  it  is  called  a  Immorrhagic  infarct.  The  whole 
infarct  is  gradually  absorbed  Avithout  sujjpuration,  leaving  a  cicatrix  on  the 
surface.  O.  Weber  also  states  that  very  fine  solid  particles  may  pass  through 
the  capillaries  of  the  lung  and  give  rise  to  embolism  in  the  course  of  the 
systemic  circulation.  Should  the  embolus,  hoAvever,  possess  irritating  proper- 
ties, the  infarct  softens  and  breaks  doAvn,  inflammation  and  suppuration 
foUow  in  the  surrounding  tissues,  and  thus  an  abscess  is  formed.    If  the  irri- 
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tating  embolus  be  so  small  as  to  lodge  in  the  capillaries  only,  it  will  directly 
excite  inflammation  and  suppuration  at  the  pomt  at  which  it  lodges.  The 
experiments  have  shown  that  similar  results  follow  whether  the  embolus  owes 
its  UTitating  properties  to  its  mechanical  condition,  its  chemical  composition, 
or  to  its  containing  a  specific  virus.  Thus  abscesses  in  the  lung  have  occa- 
sionally followed  the  injection  of  charcoal,  and  mercury.  Decomposing  fibrin 
or  blood-clot  or  putrid  fat  never  fail  to  produce  them.  If  the  emboli  enter 
the  general  circulation,  abscesses  may  form  in  other  viscera  or  tissues.  These 
observations  show  that  the  existence  of  secondary  or  metastatic  abscesses  does 
not  necessarily  indicate  a  true  general  infective  process,  as  the  causes  of  the 
disseminated  local  inflammations  may  be  carried  by  the  blood  without  develop- 
ing or  multiplying  in  that  fluid. 

Experimental  pathology  has  thus  thrown  great  light  upon  the  nature  and 
causes  of  septicsemia  and  pyemia,  but  much  still  remains  to  be  explained.  It 
wiU  be  noticed  that  the  genuine  infective  diseases  are  associated  with  the 
presence  of  definite  microscopic  organisms  which,  there  is  every  reason  to 
beheve,  stand  in  a  direct  causal  relation  to  the  process,  yet  they  all  arise 
from  the  injection  of  apparently  similar  putrid  fluids.  Microscopic  examina- 
tion shows  that  in  the  early  stages  of  putrefaction  numerous  difierent 
organisms — bacilli,  bacteria,  and  micrococci — are  found  in  the  putrid  fluid  ; 
but  it  has  not  been  clearly  shown  that  each  of  the  forms  subsequently  found 
in  the  blood  of  the  affected  animals  is  present.  As  putrefaction  advances,  the 
ordinary  septic  bacteria  which,  as  shown  by  Hiller,  cannot  develop  in  a  living 
animal,  become  more  abundant,  choking  the  other  forms,  and  this  fact  has 
been  suggested  as  an  explanation  of  the  diminished  virulence  of  the  fluid  after 
the  second  day. 

Septic  poisoning  by  the  chemical  products  of  putrefaction  can  be  produced 
with  certainty  in  any  animal  by  the  injection  of  a  sufficient  dose  of  the  putrid 
fluid.  The  symptoms  produced  are  nearly  identical  in  aU  species,  though  some 
animals,  as  the  rodents,  suffer  more-  severely  than  the  camivora.  On  the  other 
hand  true  septic  infection  cannot  always  be  produced  at  will.  The  same  dose 
of  the  same  fluid  injected  into  different  animals  of  the  same  species  may  induce 
the  disease  in  some  and  fail  in  others  ;  and  different  species  are  differently 
affected.  It  is  evident  therefore  that  there  are  other  causes  dependent  upon 
the  animal  itself,  which  are  essential  to  the  development  of  the  infective 
disease,  and  of  the  nature  of  these  we  are  still  ignorant.  When  once,  however, 
the  disease  is  developed,  it  can  be  communicated  from  one  animal  to  another 
of  the  same  species  with  perfect  certainty  ;  but  frequently  it  is  incapable  of 
being  transmitted  to  animals  of  a  different  species. 

Our  knowledge  may  be  briefly  summarised  thus  :  that  all  putrid  animal 
fluids  contain  a  chemical  poison  which,  if  absorbed,  will  cause  a  constitu- 
tional disturbance  j^roportional  to  the  dose,  and  that  they  frequently,  and 
perhaps  always,  contain  also  a  virus  capable  under  favourable  conditions  of 
setting  up  a  true  general  infective  disease;  and  lastly,  that  should  solid 
particles,  as  from  a  softening  thrombus,  enter  the  blood-stream,  they  will,  if 
impregnated  either  with  the  simple  chemical  poison  or  the  specific  virus,  set 
up  disseminated  centres  of  inflammation  and  suppuration  wherever  they  lodge. 
The  importance,  therefore,  of  avoiding  putrefaction  in  the  discharges  of  wounds 
cannot  possibly  be  over-rated  in  the  prevention  of  pyasmia  and  septicfemia. 

Although  the  conditions  in  a  wound  in  the  human  subject  nre  somewhat 
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different  from  those  obtained  in  experimenting  on  animals,  yet  the  analogy  is 
close  enough  to  justiiy  us  in  applying  the  results  obtained  to  surgical  practice. 
A  recent  wound  with  decomposing  discharges,  or  a  deep  cavity  with  pent-up 
putrid  pus  in  it,  are  conditions  essentially  similar  to  those  obtained  by  inject- 
ing a  syringeful  of  a  putrid  fluid  beneath  the  skin  of  an  animal. 

Causes  of  Septicemia  and  PYiBMiA.*— Simple  septic  poisoning  may  occur 
whenever  a  sufficient  quantity  of  decomposing  blood,  serum  or  pus  is  collected 
iu  a  wound  or  cavity  of  the  body.  Putrefaction,  as  before  pointed  out,  will 
occur  in  such  collections  of  fluid  under  all  ordinary  conditions  to  which  a 
patient  is  exposed  either  in  hospital  or  private  practice.  Septic  poisoning 
affects  a  patient  debilitated  by  want  of  proper  food  and  bad  hygienic  con- 
ditions more  severely  than  one  placed  under  better  circumstances,  but  beyond 
this  the  surroundings  of  the  patient  exercise  but  little  influence  on  its  occur- 
rence. The  causes  of  the  process  are  to  be  looked  for  in  the  wound  itself,  and 
septic  poisoning  may  always  be  prevented  by  efficient  drainage  and  antiseptic 
treatment. 

The  genuine  infective  processes,  septic  infection,  and  pyaemia,  will  on  the 
other  hand  rarely  develop  in  spite  of  the  presence  of  decomposing  matter  in 
the  wound  except  when  the  patient  is  placed  under  unfavourable  hygienic 
conditions.  The  experiments  already  described,  in  which  septic  infection  and 
pysemia  have  been  artificially  induced  by  the  injection  of  putrid  fluids  beneath 
the  skin  of  an  animal  show  that  the  presence  of  decomposing  matter  is  an  im- 
portant element  in  the  causation  of  these  diseases.  Clinical  experience  has 
fully  confirmed  this  fact.  Pysemia  has  been  practically  banished  from  many 
hospitals  in  which  it  was  formerly  a  frequent  cause  of  death  merely  by  the 
adoption  of  antiseptic  methods  of  treating  wounds — ventilation,  cubic  space, 
and  other  conditions  surrounding  the  patient  being  unchanged.  On  the  other 
hand,  a  strict  attention  to  the  laws  of  hygiene  has  been  almost  equally  success- 
ful in  preventing  these  diseases  even  when  the  Surgeons  have  not  adopted  any 
special  mode  of  antiseptic  treatment. 

These  diseases  are  predisposed  to  by  all  conditions  of  life,  either  before  or 
after  operations  or  injuries,  that  tend  to  impair  the  health,  to  lower  the 
strength,  and  to  induce  an  unhealthy  state  of  the  system,  such  as  constant 
want  of  fresh  air,  overcrowding  in  working  or  in  sleeping  apartments,  abuse 
of  alcohol,  and  insufficient  or  improper  food.  Of  all  these  causes,  overcrowd- 
ing is  undoubtedly  the  most  frequent  and  the  most  fatal  ;  more  particularly 
is  overcrowding  of  patients  injurious,  if  many  are  suffering  from  suppurating 
wounds.  That  pya3mia  is  the  result  of  the  faulty  hygienic  conditions  just 
alluded  to,  viz.,  want  of  pure  air,  overcrowding,  and  insufficient  and  unwhole- 
some diet,  is  evident  ft'om  the  fact  of  its  being  most  destructive  where  these 
causes  of  disease  prevail,  as  amongst  the  poorer  classes  of  all  large  and  densely 
peopled  towns  ;  while  in  the  purer  air  of  country  districts,  or  in  private 
practice  amongst  the  wealthier  classes,  it  is  rarely  met  with.  It  is  one  of 
those  causes  of  death  after  operations  that  might  and  ought  to  be  prevented  ; 
and  wherever  it  is  frequent,  we  may  be  sure  not  only  that  proper  attention 
is  not  being  paid  to  the  prevention  of  decomposition  and  cleanliness  in  the 
treatment  of  the  wounds,  but  that  either  the  constitutions  of  the  patients  are 


*  Sec  also  Chapters  I.  and  II.,  iincl  "  Hospitalism  and  the  Causes  of  Death  after  Operation."  Longmans, 
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peculiarly  detei-iorafced,  or  else  that  the  hygienic  conditions  to  which  they  are 
exposed  after  the  injury  or  operation  are  more  than  usually  faulty.  That  it 
may  be  prevented,  has  been  abundantly  proved  by  the  experience  gained  in  the 
Franco-German  war  of  1870.  In  that  great  sti'uggle,  the  fact,  which  had  been 
previously  Avell  known  to  all  scientific  Surgeons,  was  established  beyond  all 
possibility  of  cavil,  that  the  danger  of  pyaemia  increased,  mteris imrihus,  in 
proportion  as  the  hygiene  was  faulty  and  as  wounded  patients  were  closely 
crowded,  so  that  the  atmosphere  surrounding  them  became  contaminated  by 
foetid  exhalations  from  the  decomposing  discharges  Of  suppurating  wounds. 
It  Avas  found  that,  in  the  great  mass  of  the  wounded,  pyaemia  was  developed 
among  those  who  were  aggi-egated  within  the  walls  of  hospitals  or  regular 
buildings,  such  as  churches,  barns,  school-houses,  and  conservatories,  which, 
though  clean  and  airy,  did  not  admit  of  thorough  ventilation  ;  while  it  was  far 
less  common  among  ^vounded  soldiers  of  exactly  the  same  class  who  were 
treated  in  hastily  constructed  open  and  draughty  huts. 

SEPTICiEMIA. 

The  two  forms  of  disease  known  as  septicEemia,  septic  poisoning,  and  septic 
infection,  are  not  always  to  be  clearly  distinguished  from  each  other  in 
surgical  practice,  partly  because  the  symptoms  of  the  two  affections  closely 
resemble  each  other  and  partly  because  the  true  infective  process  is  frequently 
complicated  or  preceded  by  the  non-infective.  They  are  suflRciently  distinct, 
however,  to  justify  a  separate  description. 

Septic  Poisoking,  Septic  Intoxication,  or,  as  it  has  sometimes  been 
called,  Sapraemia,  is  the  general  affection  produced  by  the  absoi-ption  of  a 
sufficient  dose  of  the  chemical  products  of  putrefaction  to  endanger  life.  The 
milder  effects  of  the  same  poison  are  classed  as  septic  traumatic  fever.  Such 
a  division  as  this  is  unscientific,  and  will  no  doubt  before  long  be  done  away 
with,  but  at  the  present  time  to  speak  of  the  milder  forms  of  septic  wound- 
fever  as  septicemia  would  only  increase  the  confusion  already  existing. 

For  septic  poisoning  to  take  place  it  is  necessary  that  there  should  be  a 
considerable  quantity  of  decomposing  matter  so  situated  that  absorption  of 
the  poison  can  readily  take  place.  The  conditions,  therefore,  under  which 
it  is  most  likely  to  occur  are  large  and  irregular  wounds,  such  as  those 
resulting  from  compound  fractures  of  the  bones  of  a  limb  ;  hollow  wounds, 
such  as  those  left  by  the  removal  of  tumours  ;  wounds  of  joints  :  wounds 
Involving  the  pleura  and  peritoneum  and  large  abscesses  opening  externally 
by  an  insufficient  aperture.  Perfect  drainage  of  injuries  of  this  kind  so  far 
limits  the  quantity  of  septic  matter  as  to  render  acute  septic  poisoning  almost 
impossible.  Absorption  takes  place  most  readily  from  recent  wounds,  and  serous 
or  synovial  cavities.  When  suppuration  has  set  in  absorption  takes  place 
much  less  readily,  as  healthy  granulations  take  up  the  poison  with  difficulty, 
unless  the  septic  matter  is  pent  up  in  contact  with  them  at  some  degree  of 
pressure. 

The  symptoms  of  acute  septic  poisoning  or  septic  intoxication  are  the 
following.  On  the  second  day  after  the  injury  or  operation  the  temperature 
rises  considerably,  reaching  from  103°  F.  to  lO-l"  F.,  or  even  higher.  The  skin 
is  dry,  and  feels  hot  to  the  hand.  There  may  be  a  chill  or  even  a  severe  rigor, 
but  this  is  by  no  means  constant.  The  patieut  feels  very  ill,  there  is  complete 
loss  of  apjietite,  with  headache,  a  quick  pulse,  and  a  dry  fiUTed  tongue. 
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Delirium  usually  sets  in  at  uight,  and  occasionally  is  violent.  By  the  third 
day  after  the  injury  some  disturbance  of  the  alimentary  tract  sets  in. 
\'omitincc  is  common,  but  diarrhoea  is  not  frequent.  In  very  acute  cases 
the  symptoms  of  collapse  quickly  come  on.  The  pulse  becomes  rapid,  feeble, 
and  irregular,  the  tongue  brown  and  dry,  and  the  lips  covered  with  sordes ;  the 
temperature  falls,  and  may  sink  even  below  normal,  consciousness  is  lost,  and 
the  patient  may  become  comatose  before  death.  Dyspnoea  is  a  common 
symptom  daring  the  last  day.  The  skin  may  assume  a  yellowish  tint  before 
death.    The  urine  frequently  contains  albumen. 

In  cases  in  which  the  septic  matter  which  is  causing  the  mischief  is  in  the 
cavity  of  the  pleura  or  peritoneum  the  symptoms  may  set  in  and  prove  fatal 
before  the  end  of  the  third  day.  When  the  primary  mischief  is  a  large  wound 
of  the  soft  parts,  or  a  compound  fracture,  the  symptoms  may  be  less  severe 
and  the  duration  of  the  case  may  extend  to  a  week  or  more  before  death  takes 
place.  In  these  less  acute  cases  the  temperature  is  lower  ;  vomiting  and 
diarrhoea  are  common  ;  there  is  rapid  emaciation  with  loss  of  strength,  death 
finally  occurring  rather  from  exhaustion  than  collapse. 

In  contrasting  these  symptoms  with  those  produced  in  animals  by  the 
injection  of  putrid  fluids  beneath  the  skin,  it  will  be  seen  that  there  is  a 
general  resemblance,  which  is  quite  as  close  as  could  be  expected  when  the 
differences  in  the  conditions  are  considered.  In  experimental  septic  poisoning 
the  full  dose  is  injected  once  for  all  under  the  skin,  or  into  the  blood  ;  if  in 
sufficient  quantity  it  is  speedily  fatal,  if  not  the  animal  recovers.  In  septic 
poisoning,  as  it  occurs  in  man,  the  process  of  putrefaction  gradually  develops 
in  the  putrescible  matter  in  the  wound,  and  the  symptoms  consequently  are 
more  slowly  manifested.  The  local  inflammation  caused  by  the  pent-up 
septic  discharges  is  necessarily  accompanied  by  exudation,  which  maintains  a 
constant  supply  of  fresh  decomposable  matter,  and  consequently  a  continuous 
development  of  the  poison  takes  place.  The  symptoms  are  in  fact  as  a  rule 
the  result  of  the  prolonged  administration  of  a  moderate  dose  of  the  septic 
poison  rather  than  of  the  sudden  entrance  of  a  fatal  quantity  into  the 
blood-stream. 

The  Post-mortem  Appearances  are  almost  identical  with  those  observed 
when  the  disease  is  produced  artificially  in  animals.    In  extremely  acute  cases 
the  signs  of  decomposition  set  in  early,  and  the  surface  in  a  few  hours  after 
death  becomes  marked  by  lines  corresponding  to  the  superficial  veins.  Rigor 
mortis  is  often  feebly  marked.    On  opening  the  body  the  blood  may  be  found 
imperfectly  coagulated  and  dark  in  colour,  but  this  is  by  no  means  common. 
A  slight  excess  of  serum,  often  darkly  stained  with  the  colouring  matter  of  the 
■  blood,  may  be  found  both  in  the  pericardium  and  peritoneum.    The  heart  is 
flabby,  and  marked  in  many  cases  by  small  extravasations  of  blood  (petechia) 
beneath  the  pericardium,  usually  most  abundant  at  the  back  of  the  organ. 
Similar  petechise  may  be  found  also  beneath  the  pleura  and  peritoneum.  On 
opening  the  heart  the  endocardium  is  found  darkly  stained,  even  at  an  early 
period  after  death.    The  lungs  always  show  marked  hypostatic  congestion, 
their  posterior  part  being  dark  purple,  swollen  and  oedematous.    The  liver 
and  kidneys  are  swollen  and  often  full  of  blood,  and  the  spleen  is  swollen  and 
soft,  sometimes  almost  diffluent.    The  mucous  membrane  of  the  alimentary 
canal  is  often  congested,  but  with  nothing  approaching  to  the  intensity  met 
with  in  animals. 


974 


septicjEmia  and  pyaemia. 


The  post-mortem  appearances  are  due,  first  to  the  changes  in  the  blood,  the 
most  marked  of  which  is  the  rapid  disintegration  of  the  red  corpuscles, 
causing  the  staining  of  vessels  and  tissues.  This  disintegration  takes  place  in 
extreme  cases  before  death.  The  corpuscles  are  found  not  to  run  together  in 
rouleaux  but  to  form  irregular  clumps.  This  also  has  been  observed  during 
life,  and  the  blocking  of  the  vessels  by  these  masses  of  corpuscles  is  probably 
the  cause  of  the  capillary  haemorrhages  found  throughout  the  body.  Secondly 
there  is  a  marked  tendency  to  passive  congestion  of  the  viscera  consequent  on 
the  feeble  action  of  the  heart  before  death  ;  and,  lastly,  there  is  cloudy  swelling 
of  the  epithelium  of  the  glandular  viscera. 

In  more  chronic  cases  of  septic  poisoning  similar  changes  are  found,  ljut  less 
marked  in  proportion  to  the  chronicity  of  the  case. 

Diagnosis. — Septic  poisoning  can  be  confounded  only  with  some  malignant 
specific  fever,  but  the  connexion  of  the  symptoms  with  their  cause  is  in  most 
cases  so  evident  that  an  error  is  scarcely  likely  to  be  made.  In  former 
times  many  cases  of  septic  poisoning  after  operations  were  classed  as  collapse, 
or  exhaustion. 

Prognosis. — The  prognosis  depends  upon  the  severity  of  the  symptoms 
and  the  possibility  of  removing  the  cause.  If  the  accumulation  of  septic 
matter  can  be  cleared  away  and  its  re-accumulation  prevented,  cases  apparently 
hopeless  may  sometimes  recover. 

Treatment. — The  treatment  consists  in  removing  the  cause,  as  by  laying 
a  joint  freely  open,  enlarging  the  aperture  in  an  imperfectly  opened  abscess, 
or  establishing  good  di-ainage  in  a  cavity,  as  the  peritoneum  or  pleura,  or  in  a 
wound.  The  occurrence  of  septic  poisoning  can  always  be  prevented  by 
antiseptic  treatment,  and  efficient  drainage.  The  patient's  strength  must  be 
kept  up  by  stimulants  and  liquid  food. 

Septic  Infection. — An  acute  general  disease  accompanied  by  symptoms 
closely  resembling  those  just  described  as  resulting  from  septic  poisoning  is 
not  unfrequently  met  with  in  circumstances  which  preclude  the  possibility  of 
its  being  due  merely  to  the  absorption  of  a  chemical  poison.  The  conditions 
which  would  lead  us  to  believe  that  a  given  case  is  the  result  of  a  true  infec- 
tive process  are,  first,  its  arising  from  a  wound  of  such  size  as  to  render  it 
impossible  for  the  necessary  dose  of  septic  matter  to  be  formed  in  it ;  secondly, 
evidence  of  infection  from  one  patient  to  another  ;  and,  thirdly,  the  presence 
of  active  living  organisms  in  the  blood.  The  first  condition  is  met  with  in 
those  cases  of  septicaemia  that  follow  the  inoculation  of  the  poison  of  dead 
bodies,  by  a  scratch  or  puncture  during  a  post-mortem  examination.  lu 
these  the  local  inflammation  may  be  very  slight,  the  patient  dying  rapidly 
from  blood-poisoning.  Similar  cases  are  sometimes  met  with  after  operations 
in  which  the  wound  is  too  small  to  furnish  a  fatal  dose  of  the  chemical 
products  of  putrefaction.  The  second  condition,  infection  from  another 
patient,  is  seldom  observed  in  surgical  practice.  It  is,  however,  very  marked 
in  the  septicaemia  which  forms  one  of  the  varieties  of  puerperal  fever,  the 
fearful  infectiousness  of  which  is  but  too  well  known.  The  last  condition, 
the  presence  of  specific  organisms  in  the  blood,  has  been  observed  in  many 
cases  of  septicaemia,  but  our  knowledge  on  this  subject  is  at  present  veiy 
imperfect  when  compared  with  that  which  we  possess  with  regard  to  septic 
infection  in  animals.  It  must  be  remembered,  however,  that  until  recently 
the  non-infective  and  infective  forms  of  septicfemia  were  confounded  together. 
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and  the  methods  of  observation  have  only  lately  been  brought  to  any  degree 
of  perfection. 

Those  cases  of  septic  infection  which  arise  as  a  consequence  of  large  wounds, 
the  discharges  of  which  are  in  a  state  of  decomposition,  are  necessarily 
complicated  to  a  greater  or  less  degree  by  septic  poisoning,  and  the  recognition 
of  the  infective  process  then  becomes  correspondingly  difficult. 

Although,  therefore,  at  present  we  are  unable  always  to  separate  septic 
poisoning  and  septic  infection  in  actual  practice  it  is  to  be  hoped  that  further 
observation  will  enable  us  to  do  so,  for  the  importance  of  the  distinction  is 
very  great.  Septic  poisoning  is  not  infectious,  and  can  be  relieved  by 
removing  the  local  source  of  the  septic  poison ;  septic  infection,  on  the  other 
hand,  is  supposed  to  be  intensely  contagious,  and  may  be  readily  communicated 
from  one  patient  to  another,  and  as  it  is  a  general  or  blood-disease  no  rehef 

i  can  be  hoped  for  from  treatment  applied  to  the  local  source  of  infection. 

Symptoms  of  Septic  Infection. — The  disease  is  usually  ushered  in  by  a 
distinct  rigor,  often  severe,  and  sometimes  repeated  more  than  once.  The 
temperature  rapidly  rises,  reaching  104°  F.  or  105°  F.,  or  even  a  higher  point, 
during  the  rigor.    The  subsequent  symptoms  closely  resemble  those  already 

!  described  as  occurring  during  septic  poisoning.    There  is  delirium,  ending  in 

I  insensibihty,  and  even  in  profound  coma.    The  pulse  is  extremely  rapid  and 

I  quickly  becomes  feeble.    The  tongue  soon  becomes  dry  and  brown,  and  the 
lips  and  teeth  are  covered  with  sordes.    Diarrhoea  or  vomiting  may  occur. 

I  The  skin  assumes  a  yellowish  tint,  and  purpuric  spots  may  appear  in  it.  The 
temperature  may  fall  and  become  subnormal  before  death,  or  may  remain  high 

;  to  the  end.    Dyspnoea  is  often  a  marked  symptom  before  death. 

In  very  acute  cases  death  takes  place  on  the  second  or  third  day  after 
the  commencement  of  the  disease,  but  hfe  may  be  prolonged  even  for  a 

I  week. 

The  post-mortem  appearances  are  the  same  as  in  septic  poisoning  ; 

visceral  congestion,   subserous  petechise,  early  and  intense  jmt-mortem 

staining,  and  usually  a  swollen  and  softened  spleen.  In  some  cases  there  is 
!  pneumonic  consolidation  of  the  lung,  and  there  may  be  pleurisy  with  blood- 
i  stained  effusion.  Microscopic  organisms  have  been  recognized  in  the  blood  in 
!  many  cases,  but  at  present  the  disease  has  not  been  shown  to  be  associated 

with  a  definite  form,  as  in  the  corresponding  aifections  produced  experimentally 

in  animals. 

Diagnosis. — In  the  present  state  of  our  knowledge  it  is  frequently  impos- 
I  sible  to  distinguish  septic  infection  from  septic  poisoning  except  in  the  definite 
!  absence  of  the  cause  of  the  latter  condition,  as  in  some  poisoned  wounds. 
'  Septic  infection  is  identical  in  its  symptoms  and  post-mortem  appearances  also 
with  the  malignant  forms  of  the  acute  specific  fevers  in  which  the  patient  dies 
'  before  the  characteristic  eruption  appears,  and  unless  the  source  of  infection 
I  is  evident  the  diagnosis  may  be  very  doubtful. 

Prognosis. — The  uncertainty  of  the  diagnosis  necessarily  interferes  with 
an  accurate  prognosis ;  but  when  the  evidence  is  strong  that  the  affection  is  a 
genuine  infective  process  the  case  is  almost  hopeless. 

Treatment.— If  the  case  is  complicated  by  a  septic  wound  means  must  be 
taken  to  remove  the  septic  matter  and  clean  out  the  cavity  with  some  strong 
antiseptic  solution,  as  of  chloride  of  zinc  (40  gr.  to  or  carbolic  acid  (1  in 
20),  or  perchloride  of  mercury  (1  in  500).    The  patient's  strength  must  be 
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supported  by  fluid  nourishinenb,  and  stimulants  and  quinine  may  be  given  in 
large  doses. 

Pyeemia  is  merely  a  clinical  expression  for  a  general  disease  originating  iu 
a  local  source  of  infection,  and  accompanied  by  the  formation  of  disseminated 
centres  of  inflammation  and  sup])uration  throughout  the  Ijody.    It  most  ' 
commonly,  in  fact  almost  invariably,  arises  as  the  secondary  result  of  a 
primary  inflammation  which  has  reached  the  stage  of  suppuration,  and  the 
name  was  derived  from  the  theory  that  the  disease  was  due  to  the  entrance  of 
the  pus  into  the  blood-stream,  or  "purulent  absorption."    It  has,  however, 
been  clearly  proved  that  healthy  fresh  pus  may  be  injected  freely  into  the 
blood-stream  without  giving  rise  to  the  affection  known  as  pygemia.  The 
disease  is  now  believed  to  be  due  to  the  entrance  into  the  blood-stream  of  a 
specific  poison  developed  in  unhealthy  or  decomposing  pus.    Although  in  the 
great  majority  of  cases  in  which  pysemia  comes  under  the  observation  of  the 
■Surgeon  it  occurs  as  a  complication  of  wounds  or  injuries  in  which  the 
discharges  are  in  a  state  of  putrefaction,  this  is  not  invariably  the  case. 
Thus,  in  the  disease  known  as  acute  necrosis  of  bone,  pyaemia  often  sets  in 
before  the  sub-periosteal  abscess  has  been  opened,  and  when  the  pus  is  per- 
fectly free  from  any  signs  of  decomposition.    The  primary  disease  in  this  case  j 
is,  however,  itself  an  infective  process,  and  not  a  simple  inflammation.   Simple  J 
abscesses  never  give  rise  to  pyasmia  till  air  has  been  admitted  fi'om  without  at  I 
the  time  they  burst  or  are  opened.    Pytemia  is  fi'equently  met  with  as  a  con-  I 
sequence  of  other  speciflc  suppurative  inflammations;  thus,  we  see  boils,  1 
■carbuncles,  diffuse  cellulitis,  and  phlegmonous  erysipelas  often  precede  and  i 
•lead  to  its  occurrence. 

Pyaemia  was  formerly  a  very  common  cause  of  death  after  surgical  opera- 
tions and  injuries,  especially  those  implicating  the  veins,  bones,  or  joints. 
The  improved  hygienic  condition  of  most  hospitals,  and  the  introduction  of 
antiseptics  and  drainage  in  the  treatment  of  wounds  have  almost  banished  it 
from  surgical  practice.  In  properly  constructed  and  well  regulated  hospitals 
and  in  private  practice  it  is  rarely  met  with  except  as  a  complication  of  cases 
in  which  efficient  antiseptic  treatment  is  impossible,  as  in  operations  on  the 
urinary  organs,  or  as  a  sequence  of  some  specific  inflammation,  as  carbuncle, 
-acute  necrosis,  or  scarlatinal  inflammation  of  the  fauces. 

In  some  rare  cases  the  symptoms  and  ]}ost-mortem  appearances  of  pyaamia 
are  met  with  without  any  primary  inflammation  being  found.  These  casef; 
have  been  described  as  idiopathic  or  spontaneous  pytemia. 

The  nature  of  the  poison  and  its  mode  of  entrance  into  the  system  will  be 
discussed  with  the  pathology  of  the  disease. 

Pyaemia  is  characterized  especially  by  two  series  of  phenomena  :  1.  A 
peculiar  train  of  Constitutional  Symptoms  attended  by  a  state  of  great  depres- 
sion of  the  powers  of  the  system  ;  2.  The  formation  of  Abscesses,  and  the 
occurrence  of  diffuse  inflammations  in  various  parts  of  the  body.  The  disease 
may  be  acute,  subacute,  or  chronic.  Most  usually  it  is  subacute,  and  often 
•chronic.  Wliatever  form  it  may  assume,  the  symptoms  are  essentially  the 
same,  differing  only  in  degree. 

Symptoms. — The  invasion  of  the  disease  is  as  follows  :  During  the  period 
•  of  apparently  ordinary  febrile  disturbance,  the  patient  is  seized  with  a  rigor,  | 
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nsually  very  severe  and  proloiig-ed.  The  rigor  presents  uo  difference  from  that 
met  with  ia  tha  invasion  of  many  other  specific  febrile  aflFections  (p.  187) 
except  in  its  severity.  In  some  cases  of  pyemia  the  rigor  is  not  repeated,  but 
more  frequently  it  recurs  at  irregular  intervals  of  from  twenty-four  to  forty- 
■i^-ht  hours  ;  and,  as  the  disease  becomes  established,  even  twice  or  oftener  in 
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he  day.  A  single  rigor,  although  a  very  alarming  sym]-»tom,  may  pass  oii" 
■  ithout  the  development  of  the  disease.    The  subsequent  sweating  is  very 

j)rofuse,  the  bedclothes  being  soaked  with  the  perspiration.    The  rigors  are 

very  exhausting  to  the  patient. 
The  temperature  in  pyemia  presents  remarkable  and  characteristic  flu(;tua- 
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tions.  Jfc  is  uniformly  liighei'  than  normal,  but  rises  above  and  falls  in  its 
general  level  in  exact  accordance  with  the  develo])ment  of  the  rigors.  The 
accom^^anying  Diagrams  (Figs,  353,  354),  for  which  I  am  indebted  to 
Ringer,  who  took  them  from  patients  of  mine,  will  indicate  this  more  clearly 
than  any  description.  Wunderlich  observes  that  the  rise  of  temperatm-e  in 
the  first  onset  of  pysemic  fever  is  greater  in  a  shorter  time  than  in  any 


other  disease,  and  that  the  fall  is  equally  rapid  with  the  rise,  and  sometimes- 
more  so.  But  it  does  not,  as  a  rule,  reach  the  normal  point,  and  usually 
ascends  again  long  before  this  is  reached.  In  some  cases,  however,  the  tem- 
perature falls  slightly  below  normal  during  the  profuse  sweating  following  a 
rigor,  as  shown  in  the  accompanying  temperature  charts.  The  rise  in  the 
temperature  precedes  the  occurrence  of  the  rigors  ;  and  the  approach  of  a 
rigor  may  be  predicted  by  noting  a  commencing  rise  in  the  thermometer. 
There  are  sometimes  actually  two  rigors  during  one  continuous  rise  of  tem- 
perature. 

Should  the  rigors  recur  with  some  degree  of  regularity  the  pyaamia  may 
closely  resemble  an  attack  of  ague.  As  a  rule,  however,  the  regular  periodicity 
so  characteristic  of  ague  is  wanting  in  pya3mia.  After  the  occurrence  of  rigors^ 
other  changes  begin  to  manifest  themselves. 
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Any  open  wound  that  may  exist  is  usually  in  an  unhealthy  state  at  the  time 
of  the  invasion  of  the  disease.  It  is  either  foul,  or  sloughy,  or  inflamed,  and 
discharging  decomposing  pus,  which  perhaps  does  not  find  a  ready  exit.  Even 
when  the  wound  appears  healthy  superficiaUy,  it  is  probable  that  some  pus  is 
deeply  pent  up  within  it,  or  possibly,  if  the  bone  is  injured,  inflammation 
and  suppuration  are  tating  place  in  the  medulla.  Pyseraia  never  arises  from  a 
healthy  superficial  granulating  sore.  When  pyaemia  has  set  in,  the  wound  usually 
becomes  di-y  and  ceases  to  discharge  pus.  Even  if  the  superficial  parts  remain 
tolerably  healthy,  the  granulations  become  pale  and  healiug  ceases.  In  very 
chronic  cases,  however,  healing  may  go  on  while  the  patient  is  still  suifering 
from  secondary  abscesses  in  different  parts  of  the  body.  The  skin  is  con- 
tinuously hot,  and  has  often  a  burning  pungent  feel.  The  breath  has  that 
]ieculiar  sweetish,  saccharine,  or  fermentative  smell  that  is  commonly  noticed 
in  all  febrile  diseases  of  a  low  type  ;  this  odour  of  the  breath,  and  indeed  of 
ilie  body  generaUy,  often  occurs  early  in  the  disease,  and  must  then  be  taken 
almost  as  a  diagnostic,  and  certainly  as  a  most  unfavourable,  sign.  The  secre- 
tions are  arrested  ;  the  pulse  is  quick  and  soft ;  the  face  is  usually  pale, 
with  a  very  anxious  drawn  look,  but  sometimes  flushed  and  the  eyes  bright  ; 
there  are  hebetude  and  dulness  of  mind,  with  slight  nocturnal  dehrium,  but 
perfect  consciousness  on  being  spoken  to.  Rapid  wasting  of  the  body  sets 
ia  about  this  period;  patches  of  erratic  erythema  frequently  make  their 
ippearance  on  the  surface  ;  and  the  skin  assumes  a  dull  sallow  and  earthy,  or 
I  bright  yellow  icteric  tint,  which  may  extend  to  the  conjunctivEe.  The 
symptoms  now  indicate  an  extreme  depression  of  the  vital  powers  ;  the  jDulse 
liecoming  small  and  fluttering,  the  tongue,  which  has  been  dry,  becoming 
I  )rown,  sordes  being  deposited  about  the  teeth,  and  low  delirium  supervening. 
Usually  from  the  sixth  to  the  tenth  day,  but  sometimes  earlier,  suppuration 
commences  in  different  tissues,  joints,  and  organs. 

The  Formation  of  numerous  centres  of  inflammation  and  suppura- 
tion, "  secondary  or  metastatic  abscesses  "  as  they  are  termed,  is  the  most 
marked  feature  of  pyemia.  The  pus  in  these  abscesses  is  often  thin  and 
lily-looking  ;  sometimes,  however,  it  is  thick  and  laudable.  In  the  oily- 
looking  pus  the  cells  are  extremely  granular,  and  sometimes  so  far  degenerated 
I  hat  no  nucleus  can  be  recognized  even  after  the  addition  of  acetic  acid  ;  the 
liquor  puris  contains  large  quantities  of  granular  debris.  In  some  cases  the 
pas  has  been  observed  to  form  a  firm  coagulum,  and  occasionally  it  is  foetid. 
These  purulent  collections  vary  greatly  in  size  and  in  situation.  They  are 
found  in  the  viscera,  in  the  intermuscular  and  subcutaneous  areolar  tissue,  in 
the  serous  cavities,  in  the  joints,  and  occasionally  in  the  muscles,  or  at  the  seat 
of  subcutaneous  injuries  received  at  the  same  time  as  the  wound  from  which 
the  infection  has  taken  place. 

Pyaemic  abscesses  differ  from  ordinary  purulent  collections,  not  only  in  the 
peculiar  character  of  the  pus  that  they  contain,  but  more  particularly  in  the 
rapidity  with  which  they  form,  a  few  days  commonly  sufficing  for  them  to 
attain  a  large  size.  This,  with  their  very  wide-spread  character,  and  the 
insidious  manner  in  which  they  occur,  often  with  few  if  any  local  signs,  con- 
stitute the  distinguishing  features  of  these  collections. 

The  visceral  abscesses  vary  in  size  from  a  pin's  head  to  a  walnut ;  in  many 
cases  the  organs  attected  arc  studded  with  them.  These  collections  are  most 
frequently  met  with  in  the  langs,  being  seated  at  the  posterior  part  and  on 
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the  surface  of  these  organs,  or  in  the  interiobular  fissures.  They  Jbrui  often 
without  cough  or  pain,  and  the  area  of  consohdation  is  rarely  sufficiently 
extensive  to  be  recognized  by  percussion.  They  are  usually  rapidly  followed 
by  pleurisy  with  effusion,  which  conceals  any  physical  signs  of  the  mischief  in 
the  lung-tissuc.  The  organ  that  is  most  frequently  affected  next  to  the  lung 
is  the  liver.  Here  also  the  abscesses  are  usually  small  and  numerous.  Thev 
can  occasionally  be  recognized  by  irregularity  of  the  surface  of  the  liver  in  the 
superficial  part  in  the  epigastrium  and  by  tenderness  on  pressure.  Jaundice 
often  forms  a  marked  symptom.  In  some  cases,  especially  when  the  disea.se  is 
secondary  to  dysenteric  ulceration  of  the  intestine,  the  abscess  is  single  and  of 
considerable  size.  Secondary  abscesses  are  not  uncommon  in  the  spleen,  where 
they  can  only  occasionally  be  recognized  by  tenderness  and  pain  in  the  splenic 
region.  They  are  met  with  also  in  the  kidiiey,  less  commonly  in  the  Ijrain, 
and,  in  rare  cases,  in  the  parotid  gland,  the  prostate,  and  testes. 

Inflammations  of  the  serous  membranes  in  pyasmia  are  usually  secondary  to 
abscesses  of  the  viscera,  but  they  are  occasionally  met  with  independently. 
There  is  usually  abundant  effusion,  which  rapidly  becomes  jjurulent.  The 
pleura  is  most  commonly  affected,  the  peritoneum  least  frequently.  The 
symptoms  of  these  serous  inflammations  as  a  rule  present  nothing  peculiar 
except  in  the  rapidity  with  which  effusion  takes  place. 

The  joints  are  frequently  affected,  especially  the  knees  and  shoulders.  They 
become  rapidly  filled  with  a  thin  yellowish  pui'ulent  liquid.  This  is  usually 
indicated  by  intense  pain,  often  cutaneous  or  superficial,  with  fluctuation  and 
swelling  in  the  joint.  Often,  however,  large  accumulations  of  pus  form 
suddenly  in  joints,  without  having  been  preceded  by  pain  or  any  other  sign 
of  mischief ;  in  these  cases  the  interior  of  the  joint,  though  filled  with  pus, 
remains  tolerably  healthy,  there  being  no  erosion  of  cartilage  or  destruction 
of  ligament,  but  merely  some  inflammatory  injection  of  the  synovial  membrane. 

When  the  pus  is  infiltrated  into  the  areolar  tissues  and  muscles  of  the  limbs 
and  trunk,  it  forms  diffuse  collections  of  a  thin  serous  matter  commonly  mixed 
with  shreds  of  the  areolar  membrane  of  the  part,  having  no  boundary.  These 
collections  are  met  with  in  the  axilla,  down  the  flank  and  about  the  back,  iu 
the  ihac  fossa,  thigh  or  calf,  and  may  either  be  confined  to  the  subcutaneous, 
or  extend  to  the  deep  intermuscular,  areolar  planes  in  these  regions  ;  or  they 
may  form  even  in  the  muscular  substance  itself,  being  diffused  between  the 
fasciculi,  which  are  softened  and  disintegrated.  Most  commonly  the  presence 
of  these  coflections  is  indicated  by  patches  of  cutaneous  redness,  and  by  a 
doughy,  ocdematous,  and  boggy  state  of  the  superjacent  integuments.  Some- 
times superficial  patches  of  redness  with  some  oedema  appear  in  different  parts 
of  the  body,  afterwards  subsiding  without  the  formation  of  pus,  giving  rise  to 
one  form  of  the  condition  known  as  "  erratic  erysipelas." 

Amongst  the  rarer  complications  of  pyaemia  is  acute  sup])uration  of  the  eye- 
ball, or  viotaslatic 2nino2ihf}uilmMis,  as  it  has  been  termed.  AH  the  structures  of 
the  globe  are  affected.  Virchow  has  shown  that  it  is  due  to  the  lodgment  of 
infective  emboli  in  the  vessels  of  the  eye.  Litten  and  Leube  have  observed 
retinal  hjcmorrhage  in  many  cases  of  puerperal  pyajmia.  In  some  cases  they 
appeared  to  l)e  the  i-esult  of  embolism,  but  in  others  this  seemed  doubtful. 
Plugs  of  micrococci  have  been  observed  in  the  retinal  vessels  after  death. 
These  conditions  are  met  with  only  in  very  grave  cases,  and  usually  indicate 
the  approach  of  death.    The  ophthalmoscope  may  therefore  sometimes  furnish 
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valuable  evidence  both  of  the  nature  of  the  disease  and  its  probable  termi- 
nation. 

The  progress  of  the  disease  is  usually  from  bad  to  worse,  sometimes  rapidly, 
but  at  othe"!-  times  not  uninterruptedly  so,  there  being  remissions  and  apparent, 
thouii'h  not  real,  improvement.  The  patient  rapidly  wastes,  the  body  becoming 
shrunken,  the  muscles  soft,  and  the  skin  grey  or  sallow,  loose  and  pendulous  ; 
great  debility  also  sets  in.  The  abdomen  becomes  tympanitic,  diarrhoea  or 
profuse  sweats  come  on  ;  pneumonia  or  pleuritic  effusions  declare  themselves  ; 
delirimn,  from  which  the  patient  is  easily  roused,  alternates  with  stupor  ;  and 
at  last  he  sinks  from  exhaustion.  Death  takes  place  usually  about  the  tenth 
or  twelfth  day  :  though  it  may  occui"  as  early  as  the  fourth,  or  the  patient 
may  linger  on  for  six  or  seven  weeks. 

PosT-MoRTEM  Appearances.— The  body  is  usually  emaciated  and  rigor 
mortis  is  feebly  marked.  The  skin  is  generally  yellowish  in  tint,  sometimes 
intensely  jaundiced.  Purpuric  spots  are  occasionally  noticed  on  the  surface, 
especially  in  the  lower  extremities.    Decomposition  as  a  rule  sets,  in  early. 

Appearances  at  the  Seat  of  Infection.— Any  external  wound  is  usually 
grey,  sloughy,  or  dry,  and  the  parts  round  it  may  be  oedematous.  _  If  the 
wound  be  one  implicating  the  bones,  as  an  amputation,  or  an  excision  of  a 
joint,  it  very  frequently  presents  the  appearances  of  septic  or  gangrenous  osteo- 
myelitis. The  exposed"  end  of  the  bone  is  bare,  and  the  periosteum  is  loosened. 
If  the  shaft  of  a  long  bone  has  been  imphcated,  the  medullary  canal  contains 
gangrenous  fat  mixed  Avith  offensive  pus  ;  if  the  cancellous  tissue  has  been 
opened  up,  the  spaces  are  filled  with  a  similar  material.  (See  Osteo-myeKtis, 
Yol.  II.)   In  the  bones  of  the  skull  the  diploe  may  be  found  infiltrated  with  pus. 

The  Veins  leading  from  the  wound  are  in  some  cases  perfectly  healthy  • 
far  more  commonly,  however,  they  are  found  to  present  marked  evidences  of 
disease.  While  exposing  the  vein  by  dissection  it  will  usually  be  noticed  that 
the  areolar  tissue  in  its  neighbourhood  is  infiltrated  with  inflammatory  products 
for  a  considerable  distance  from  the  wound,  and  occasionally  the  vessel  may  be 
surrounded  here  and  there  by  pus.  When  the  vein  is  exposed,  it  is  seen  to  be 
distended,  being  in  parts  dark  purple,  and  in  parts  yellowish,  as  if  filled  with  pus. 
On  opening  the  vein  its  coats  are  found  to  be  swollen  and  thickened,  and  its 
lumen  filled  with  a  thrombus  in  various  stages  of  softening  and  disintegration. 
This  thrombus  may  extend  for  a  great  distance,  as  from  the  leg  to  the  groin, 
its  extremity  sometimes  projecting  into  the  main  trunk  into  which  the 
affected  vein  enters.  The  fragments  of  the  softened  thrombus  may  thus  be 
earned  on  into  the  circulation  as  emboli,  lodging  in  the  lungs  and  giving  rise 
to  secondary  abscesses.  In  some  cases  the  source  of  the  secondary  mischief 
may  be  recognized  by  the  state  of  the  veins.  Thus  in  cases  of  osteo-myeUtis, 
the  thrombosis  of  the  main  trunk  may  commence  at  the  point  at  Avhich  the 
veins  from  the  bone  enter  it.  In  a  case  in  which  a  patient  died  of  pyaemia 
after  an  amputation  of  the  thigh  in  University  College  Plospital,  the  veins 
leading  from  the  stump  were  perfectly  healthy,  while  those  leading  from  a  foul 
bed-sore  were  full  of  disintegrated  clot. 

General  Post-Mortem  Appearances.— The  blood  may  be  dark  in 
colour  and  imperfectly  coagulated,  as  in  septicfemia,  but  in  the  vast  majority 
of  cases  it  presents  no  naked-eye  abnormal  appearance. 

The  veins  of  distant  parts  are  occasionally  found  to  contain  softening 
thrombi  similar  to  those  observed  at  the  seat  of  infection.    In  the  1 1 0  cases 
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of  pyasmia  collected  by  the  Committee  of  the  l^athological  Society  this  condi- 
tion was  observed  in  six.  These  cases  are  of  great  interest  as  indicating  that 
the  general  infection  of  the  blood  may,  in  some  cases  at  least,  be  an  important 
factor  in  causing  thrombosis  at  the  original  seat  of  infectioi>. 

Secondary  Centres  of  Inflammation  occurred  in  the  following  order  of 
fi'equency  in  the  110  cases  reported  in  the  Transactions  of  the  Pathological 
Society  of  London,  1879.  The  table  is  divided  into  two  columns,  A  and  B, 
A  showing  the  frequency  with  which  the  secondary  inflammation  was  limited 
to  one  organ  or  tissue,  and  B  the  number  of  cases  in  which  the  special  pait 
was  affected  in  combination  with  others. 


A.  B.  Total. 

Joints   12  8  2(1 

Subcutaneous  aud  intonniiscular  areolar  tissue   .       .  4  8  12 

Muscles                                                             ,  0  1  2 

Bruises  and  other  subcutaneous  injuries      ...  1  ]  2 

Serous  membranes   (j  4 

Lung   33  24  .-,7 

Liver   1  II  12 

Spleen   1  11 

Kidneys   0  (i  fi 

Brain    ..........  l  .5  c 

Heart,  substance  of   1  4  5 

Endocardium   y  j  j 

Parotid  Glaud         .......  0  1  1 


The  cases  of  inflammation  of  serous  membranes  do  not  include  those  in 
which  the  mischief  was  merely  secondary  to  abscesses  in  the  organs  thev 
cover.  The  relative  frequency  of  the  aflPection  of  the  different  membranes 
was  as  follows  :  pleurisy,  4  ;  meningitis,  3  ;  pericarditis,  2  ;  peritonitis,  1. 

The  Heart  is  frequently  the  seat  of  small  extravasations,  which  may  be 
found  either  beneath  the  pericardial  or  endocardial  lining,  or  in  the  muscular 
substance  itself.  Sometimes,  though  not  very  often,  abscesses  are  found 
situated  either  in  the  wall  or  in  the  papillary  muscles  ;  these  are  usually  small 
collections  of  puriform  matter,  rarely  much  larger  than  a  pea,  and  often  sur- 
rounded by  a  zone  of  congestion  or  htemorrhage.  The  muscular  substance  is 
flabby,  and  the  lining  membrane  of  both  the  heart  and  aorta  is  usually  more 
or  less  deeply  stained  by  imbibition  of  the  colouring  matter  of  the  blood. 
Pericarditis  inay  occur  independently  or  in  connection  with  metastatic  abscesses 
in  the  heart,  or  may  be  secondary  to  the  inflammation  of  the  pleura.  Occa- 
sionally diffuse  acute  inflammation  of  the  muscular  structure  of  the  heart  is 
found,  without  any  distinct  abscess  having  been  formed. 

The  Lungs  are  much  congested,  especially  at  the  posterior  bases,  where  the 
tissue  is  friable  ;  sometimes  this  congestion  passes  into  true  pneumonia.  The 
most  important  condition  present  in  pytemia  is  the  existence  of  iTn>iasiaiii 
abscesses,  which  may  vary  much  in  numbei-  and  size.  These  are  usually 
found  scattered  over  the  surface,  and  are  most  common  in  the  u]i]ut  part  of 
the  lower  lobes,  and  the  interlobular  fissure.  Their  position  is  indicated  by 
induration  and  a  slight  elevation,  to  be  felt  on  passing  the  hand  over  the 
surface  of  the  lung.  It  occasionally  happens  that  all  stages  of  development 
of  the  "  secondary  abscesses  "  may  be  observed  in  the  same  lung.  The  earliest 
stage  is  merely  the  effect  of  embolism.  A  small  terminal  artery  having  been 
obliterated  by  an  embolus,  the  wedge-shaped  portion  of  lung  it  supjilics  becomes 
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intensely  eiip-orged  with  blood  by  regurgitation  from  the  surrounding  parts,  or 
from  the  vessels  of  the  pleura  ;  the  walls  of  the  vessels  soften  and  hsemorrhage 
into  the  lung-tissue  and  air-vesicles  takes  place.    The  portion  of  the  uug- 
tissue  then  presents  the  ordinary  appearance  of  so-called  pulmonary  apoplexy  ; 
it  is  dark  red  on  section,  like  damson-cheese,  airless,  and  sohd,  but  breakmg 
do^^m  readily  on  pressure.    The  consohdated  portion  is  spoken  of  as  a  "  Immor- 
rhaqic  infarct:'    If  this  were  due  to  the  lodgment  of  an  unirritatmg  embolus, 
the  extravasated  blood  and  the  tissues  which  have  been  deprived  of  their  blood- 
supply  would  be  gradually  absorbed,  leaving  a  depressed  cicatrix  m  the  lung 
tissue    In  pyemia,  however,  the  embolus  is  infective  and  intensely  irritating  ; 
<.onsequently  the  vessel  in  which  it  is  lodged  sloughs,  and  the  mischief  extenchng 
to  the  surrounding  tissues,  the  whole  infai-cfc  softens  and  breaks  down,  ihe 
products  of  this  process  soaking  away  into  the  surrounding  lung-tissue  cause 
inflammation,  with  exudation  into  the  air-vesicles  identical  in  its  pathological 
appearances  with  ordinary  croupous  pneumonia.    Occasionally  all  these 
<-,onditions  may  be  recognized  in  one  infarct.    On  making  a  section  through 
it  a  grey  or  yellowish  fluid  may  be  seen  in  the  centre  ;  it  is  not  pus, 
being  produced  by  gangrenous  softening  of  the  central  parts   of  the 
infarct.    Round  this  is  a  zone  of  pulmonary  apoplexy,  then  follows  a  paler 
sohd  area,  having  the  ordinary  appearances  of  pneumonic  consohdation,  and 
round  this  again  a  zone  of  hyper£emia,  in  which  the  vesicles  still  contain  air. 
\s  the  area  of  softening  extends,  the  cavity  becomes  a  true  abscess,  contaiiimg 
pus  mixed  with  the  dehris  of  the  tissues  of  the  lung,  and  the  wedge-shaped 
form  is  then  lost.    The  size  of  these  abscesses  varies  greatly,  from  less  than 
that  of  a  pea  to  two  or  three  inches  in  diameter.    The  pleiu'isy  which  accom- 
panies, and  in  most  cases  results  from,  the  formation  of  the  abscesses  is  often 
very  severe.    The  pleural  surface  is  thickly  covered  with  patches  of  inflamma- 
tory lymph,  whilst  quantities  of  deeply  coloured  turbid  fluid  are  usually 
collected  into  the  pleural  sac.    Sometimes,  though  rarely,  smah  collections_  of 
pus  are  found  scattered  through  the  substance  of  the  oi-gan  without  affecting 
its  pleural  surface,  or  giving\-ise  to  any  of  the  wedge-shaped  masses  above 
described. 

The  Liver  frequently  presents  no  abnormal  appearances,  even  m  severe 
cases,  whei-e  the  lungs  have  suffered  most  markedly  ;  in  others,  again,  it  is  the 
seat  of  many  abscesses,  which  often  attain  a  very  large  size.  These  have  much 
the  same  character,  both  as  to  form  and  position,  as  those  in  the  lungs,  and 
are  usually  surrounded  by  a  zone  of  hsemorrhage  and  congestion.  When, 
liowever,  they  occur  without  any  deposits  in  the  lungs  preceding  them,  they 
may  appear  as  simple  collections  of  pus,  having  a  more  or  less  branched  arrange- 
ment. This  form  of  pyjemic  abscess  does  not  appear  to  be  the  result  of 
arterial  embolism.  In  cases  in  which  the  general  blood-poisoning  is  more 
marked  than  the  local  effects,  the  hver  is  found  to  be  swollen,  its  structure 
is  soft  and  more  friable  than  usual,  and  its  colour  uniform  and  muddy. 
The  e])ithelimn  is  found  on  microscopic  examination  to  be  excessively 
granular. 

The  Spleen  is  usually  large,  soft,  very  friable,  and  often  of  an  almost  pulpy 
consistence.  Infercts  unconnected  with  the  pyaamic  state  are  frequently  met 
with  in  this  organ  ;  metastatic  abscesses  are  not,  however,  very  common. 

The  Kidneys  are  almost  invariably  swollen  and  soft ;  the  epithelium  cloudy, 
excessively  granular,  and  often  choking  the  tubules  in  irregular  masses.  They 
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are  ^  ery  frequently  cougested,  and  ficmotimos  tlie  seat  of  abscefises  i.reseiitiiitr 
the  same  A'arieties  as  those  found  in  otlier  parts.  ^ 
The  Intestines  rarely  snffer,  but  abscesses  may  be  found  in  the  submuw.ug 
or  subserous  areolar  tissue.  Local  peritonitis  not  unfi-equently  folloM's  the  for- 
mation of  hepatic  abscesses,  and  may  become  very  severe. 
_  Of  the  other  organs  the  brain  is  most  commonly  affected.  Diffuse  suppura- 
tion IS  occasionally  met  with  in  the  parotid  gland,  and  in  rare  cases  abscesses 
have  been  observed  in  the  prostate. 

One  or  more  Joints  are  frequently  found  to  be  swollen,  and  on  opening 
them  a  large  quantity  of  pale  yellow  or  thick,  flaky,  and  puriform  fluid  escapes! 
ihere  is  congestion  of  the  synovial  fringes,  with  softening  or  destruction  of 
the  cartilage. 

MxcROScopio  Appearances  op  Tissues  and  Oegans  in  Py^ma.- 
The  blood  in  almost  all  cases  contains  a  considerable  excess  of  white,  witii 
a  deficiency  of  red  corpuscles,  but  this  condition  is  by  no  means  peculiar  to 
or  characteristic  of  pyjemia.  The  red  corpuscles  are  usually  unchanged  ;  but 
occasionally,  they  have  been  observed  to  run  together  into  irregular  masses 
instead  of  forming  rouleaux.  Microscopic  organisms  have  been  frequently 
observed  in  the  blood,  and  these  will  be  more  fuUy  referred  to  afterwards. 

The  yeUowish  fluid  found  in  the  veins  as  the  result  of  softening  of  the 
thrombi  closely  resembles  pus  in  appearance,  but  on  microscopic  examinatioir 
It  IS  found  m  many  cases  to  be  composed  merely  of  granular  debris  containint;- 
no  true_ pus-cells.  In  other  cases,  as  I  have  frequently  observed,  cells  havino- 
the  ordinary  appearance  of  pus-cells  are  more  or  less  abundantlv  present. 

The  so-called  "  secondary  deposits  "  may  in  an  early  stage  in  like  manner 
be  found  not  to  contain  pus,  being  composed  merely  of  gangi-enous  tissue.  In 
the  later  stages  jras  is  always  present. 

The  epithelium  of  the  liver  and  kidney  is  usually  granular  and  swollen. 
Microscopic  Organisms.— In  almost  all  cases  of  pyemia,  micrococci  can 
without  difficulty  be  recognized  in  various  situations. 

At  lU  seat  of  infection  they  are  frequently  found  in  large  quantities  in  the 
discharges,  and  in  the  slough  that  so  frecjuently  covers  the  sm-face  of  the 
wound.    They  are  always  present  in  the  nuid  rcsultim/  from  the  sofleninq  of 
tM  thromU  in  the  veins.    In  the  Hood  they  are  recognized  with  greater  diffi- 
culty, and  the  evidence  as  to  their  presence  has  been  very  conflicting. 
Throughout  all  other  parts  of  the  body  they  have  been  observed  in  the  purulent 
finuls  m  the  secondary  alscesses,  but  their  most  characteristic  appearance  is  as 
colonies  or  zoogl^al  masses  blocking  the  smaller  arterioles  or  capillaries.  In 
this  form  they  are  readily  recognized  in  sections  prepared  in  the  ordinary 
way,  and  stained  with  logwood  or  methyl  violet.  They  form  rounded  granular 
masses,  in  which  it  is  often  difficult  to  recognize  the  individual  orii-anisras 
except^  at  the  edge  of  the  mass.    The  vessel  "is  slightly  distended  at  the  part 
at  whuth  they  arc  lodging,  and  a  coagtilum  is  occasionally  seen  above  and 
below  the  obstruction.    Sometimes  the  wall  of  the  vessel  appears  to  have 
given  way,  and  the  organisms  are  found  outside  it.    Tn  most  specimens  no 
change  is  observed  in  the  tissues  around  the  vessel,  but  occasionally  inflam- 
matory exudation  has  taken  place,  and  the  group  of  micrococci  seems  to  form 
the  centre  of  a  commencing  abscess.    These  colonies  of  micrococci  are  found 
in  the  lymphatic  glands  nearest  to  the  seat  of  infection,  in  the  liver,  heart, 
thyroid  body,and  with  especial  frequency  in  the  tnfts  of  vessels  in  the  ^lalpighiau 
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l)odies  of  the  kidney.  The  accompanying  drawings  (Figs.  355,  35G)  copied 
from  the  Transactions  of  the  Pathological  Society  of  London,  1870,  and  from 
Koch's  work  on  Infective  Processes  in  "Wounds,  show  very  clearly  tho  appearances- 
presented  by  the  micrococci  in  pyaemia. 

General"^  Pathology.— On  contrasting  the  symptoms  and  the  post-mortem 
appearances  just  described  with  those  observed  in  tho  diseases  experimentally 
produced  in  animals  (see  p.  i)G7),  it  will  be  seen  that  they  closely  resemble,  if" 


Fig.  355. — A  colony  of  iiiicrococci  lying  amongst  the  muscular  lilires  ol'tlic  heart. 
(From  Path.  Soc.  Trans.  1870.) 

they  arc  not  identical,  with  them.  In  those  cases  in  which  a  softening  thrombus 
is  found  in  a  vein,  and  the  secondary  abscesses  in  the  lungs  only,  the  conditious 
lire  identical  with  those  obtained  by  injecting  putrid  matter  containing  coarse 
solid  particles  in  suspension  into  the  veins  of  an  animal.  In  other  cases  the 
ilisseminated  abscesses,  with  capillary  thrombosis  and  the  distribution  of  colo- 
nies of  microscopic  organisms  throughout  the 
system,  closely  resemble  the  results  obtained 
l)y  Koch  from  the  injection  of  putrid  fluids 
l)eneath  the  skin  of  a  rabbit.  In  the  human 
-object  the  conditions  under  which  the  disease 
arises  also  closely  resemble  those  obtained 
L  xperimentally  in  animals. 

The  thrombosis  which  forms  so  frequent  a 
precursor  of  pycemia,  is  predisposed  to  by  all 
those  conditions  which  favour  thrombosis  in 
general  (see  Diseases  of  "Veins),  but  it  is 
usually  determined  in  one  of  two  ways.  In 
many  cases  an  unhealthy  diffuse  inflammation 
spreads  upwards  from  the  wound  in  the  areolar 
tissue  surrounding  the  vein.  This  periphlebitis 
leads  to  inflammation  of  the  coats  of  the  vessel  followed  l)y  coagulation  of  the 
contained  blood.  The  clot  becoming  impregnated  with  the  products  of  the 
tmhealthy  inflammation,  softens  and  becomes  disintegrated.  In  other  cases, 
the  thrombus  forms  in  the  vein  either  in  consequence  of  its  having  been 
divided  and  ligatured,  or  from  death  of  the  tissues  from  which  it  deriveaits 
Ijlood,  as  in  necrosis  of  bone.  If  under  these  circumstances  the  distal  end  of 
the  thrombus  becomes  exposed  to  septic  matter,  as  in  a  foul  wound,  the  clot 
decomposes  and  disintegrates.  The  presence  of  the  decomposing  clot  causes 
inflammation  of  the  vein,  and  an  extension  of  the  thrombus  ;  tlie  new  clot  in 
its  turn  decomposes,  and  thus  the  process  extends  up  the  vein  almost  indefinitely. 
In  wliichever  way  the  spreading  thrombosis  takes  place,  it  may  continue  to 
extend  till  it  reaches  a  point  at  which  the  affected  vessel  joins  another  large 
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tniiik,  wlitni  the  softened  fragments  may  be  waslied  on  into  the  circulation, 
nnd  cause  the  effects  already  described  wherever  they  lodge. 

In  some  rare  cases  the  cavity  of  a  foul  abscess  may  open  directly  into  a  lai-ge 
vein  by  ulceration  of  the  wall. 

In  those  cases  in  which  decomposing  discharges  are  pent  up  in  a  deejj 
■wound,  the  conditions  are  essentially  analogous  to  those  which  exist  when 
putrid  fluids  are  injected  beneath  the  skin,  as  in  Koch's  experiments. 

The  explanation  of  the  pathology  of  pysemia  may  therefore  be  faii-ly  sought 
in  the  experimental  investigations  which  have  already  been  described.  The 
part  played  by  the  microscopic  fungi  is  still  open  to  dispute,  but  the  opinion 
is  generally  received  that  they  take  an  essential  part  in  the  causation  of 
the  disease.    That  in  all  cases  a  true  infective  process  is  developed  in  which  a 


Fis.  307.— Microt<ii;ci,  jiluggiiig  a  small  braui-liiiig  arteriole  in  the  muscular  (ibrc  of  the  lieart. 
The  tissues  round  are  inliltrated  with  inflammatory  exudation.  (Koch.) 

si^ecific  poison  enters  the  blood  and  multiplies  in  it  is  not  proved.  In  some 
cases,  in  which  the  secondary  abscesses  are  limited  to  the  lungs,  it  is  possible 
to  explain  all  the  phenomena  by  supposing  that  the  fragments  of  a  ]iutrid 
olot  enter  the  blood-stream,  and  lodging  in  the  lung,  cause  a  number  of 
«mbolic  abscesses  which  may  prove  fatal  without  any  general  infection  of  the 
blood. 

Yarieties  of  Py:kmia. — In  the  preceding  pages  a  descri]ition  has  been 
given  of  the  general  symptoms  and  post-morfrm  appearances  of  pyaemia.  Tlie 
disease,  however,  does  not  always  run  the  same  course,  and  a  few  definite 
varieties  may  be  mentioned. 

Acute  Pyaemia. — In  this  form  the  rigoi-s  are  well  marked,  the  fever  is  high, 
secondaiy  abscesses  form  early,  and  almost  invariably  affect  the  viscera ;  death 
takes  place  usually  before  the  tenth  day.  Acute  jn  asniia  is  found  after  death 
to  be  almost  constantly  associated  with  softening  thrombi  in  the  veins,  and 
•embolic  abscesses.  It  is  most  common  after  operations  or  injuries  involving 
the  bones,  as  amputation  or  compound  fractures,  and  is  frequently  preceded  by 
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septic  osteo-myelitis.  It  is  invariably  fatal.  The  part  taken  by  embolism  in 
the  production  of  the  secondary  abscesses  is  often  so  evident  in  this  form  that 
it  has  been  described  as  embolic  pycemta. 

Chronic  Pysemia. — In  this  form  of  the  disease  the  fever  is  less  intense  ; 
there  may  be  but  a  single  rigor,  but  occasionally  it  may  be  repeated  frequently 
throughout  the  case.  The  secondary  inflammations  affect  chiefly  the  subcu- 
taneous cellular  tissue  and  the  joints,  and  occasionally  the  pleura,  the  viscera 
not  being  affected.  Sometimes  the  secondary  abscesses  appear  at  points  ex- 
posed to  pressure,  as  the  shoulders,  or  elbows,  or  the  back  ;  in  other  cases 
suppuration  takes  place  in  subcutaneous  injuries,  as  bruises  or  simple  fractures. 
The  patient  may  linger  on  for  weeks,  and  finally  die  from  exhaustion  ;  or 
recovery  may  take  place,  leaving  him  in  shattered  health,  with  perhaps  one  or 
more  joints  firmly  ankylosed.  Chronic  pyaamia  is  most  frequently  met  with 
after  injuries  of  the  soft  parts,  especially  the  genito-urinary  organs,  and  it 
forms  a  not  uncommon  form  of  puerperal  fever.  It  has  been  known  to  follow 
gonorrhoea,  and  is  aUied  to  some  forms  of  "gonorrhoea!  rheumatism."  Should 
the  patient  die,  as  a  rule  no  softening  thrombi  are  found  in  the  veins. 

Umbilical  Pysemia  is  a  name  which  has  sometimes  been  given  to  a  form 
of  the  disease  occurring  in  infants  from  thrombosis  of  the  umbilical  vein,  with 
subsequent  softening  of  the  clot. 

Pysemia  without  an  Open  Wound. — This  may  occur  as  the  result  of 
ulcerations  of  the  alimentary  canal,  as  in  typhoid  fever  or  dysentejy,  or  as  a 
consequence  of  some  infective  inflammation  of  a  deep  part.    A  general  febrile 
disease  with  ris-ors  and  the  formation  of  metastatic  abscesses  has  been  observed 
also  as  a  complication  of  gonorrhoea.    Perhaps  the  most  common  example 
of  pyeemia  from  a  subcutaneous  inflammation  is  the  form  that  so  frequently 
follows  acute  necrosis  of  bones  in  children.    This  is  an  acute  infective  inflam- 
mation terminating  rapidly  in  the  formation  of  pus  beneath  the  periosteum. 
It  is  very  frequently  complicated  by  thrombosis  of  the  veins  leading  from  the 
bone,  and  subsequent  softening  of  the  thrombi  and  embolism.    The  emboli 
are  impregnated  with  the  infective  products  of  the  local  inflammation,  and 
wherever  they  lodge  they  give  rise  to  abscesses.    An  easily  recognizable 
organism  common  to  acute  necrosis  and  many  other  suppurations,  the  staphy- 
lococcus aureus  (p.  233),  is  always  found  in  these  cases,  and  its  presence  has 
been  demonstrated  in  the  secondary  abscesses  as  well  as  in  the  primary.  It 
has  been  proved  to  be  capable  of  causing  suppuration  if  cultivated  on  gelatine 
and  injected  beneath  the  skin,  and  there  is  no  reason  to  doubt  that  a  throm- 
bus containing  the  organism  would  in  like  manner  give  rise  to  the  formation 
of  pus  wherever  it  lodged.    It  is  possible  that  there  may  be  many  other  forms 
of  virus  capable  of  causing  the  symptoms  of  pyfcmia.    In  any  case  in 
which  a  particulate  poison  is  disseminated  by  the  blood-stream  and  induces 
to  suppuration  wherever  it  lodges,  the  anatomical  distribution  of  the  secondary 
centres  of  inflammation  will  be  the  same  even  if  the  virus  is  different. 

Idiopathic  Pyaemia  is  a  term  appUed  to  those  rare  cases  in  which  the 
symptoms  during  life  and  the  post-mortem  appearances  are  those  of  pysemia, 
and  yet  no  local  source  of  infection  can  be  found. 

Mixed  forms  of  Pyaemia  and  Septicaemia. — Although  these  diseases 
have  been  described  separately,  it  must  not  be  supposed  that  they  are  always 
met  with  in  actual  practice  distinct  from  each  other.  In  most  cases  of 
pysemia  the  patient  suffers  at  the  same  time  more  or  less  severely  from  septic 
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lioisoiiiiig  ;  the  early  blood-staining,  tlie  soft  and  swollen  spleen,  the  sub- 
serous petechire,  and  the  other  characteristic  signs  of  that  condition  form 
prominent  features  at  the  'post-mortcm  examination.  In  other  cases,  with  the- 
exception  of  an  unhealthy  wound,  a  softening  throinbus  in  the  vein,  and  some 
softening  infarcts  in  the  lungs,  the  post-mortem  appearances  may  be  those  of 
a  healthy  body.  Between  these  extremes  every  variety  may  be  inet  with.  It 
IS  this  that  has  led  some  Surgeons  to  the  conclusion  that  septicemia  and 
pysEmia  are  mere  modifications  of  a  single  process. 

Prognosis. — The  prognosis  in  pyEeniia  is  always  bad.  When  active  acute 
pyasmia  has  fairly  set  in,  recovery  rarely,  if  ever,  takes  place,  the  patient  usually 
dying  between  the  fourth  and  the  twelfth  days.  One  or  two  rigors  may  occur, 
and  yet  the  patient  may  recover.  Each  repetition  of  the  attack  adds  to  the 
gravity  of  the  case.  In  fact,  the  rajiidity  of  the  fatal  termination  in  any 
given  case  will  generally  correspond  to  the  frequency  of  the  rigors  and  their 
severity. 

When  the  pyemic  attack  is  from  the  first  subacute  or  chronic,  it  may  be 
recovered  from,  after  prolonged  illness,  the  formation  of  numerous  or  large 
abscesses,  and  great  and  continued  disturbance  of  the  general  health.  In 
these  less  active  and  acute  forms  of  pyemia,  the  joints  are  specially  liable  to 
implication,  more  particularly  the  knee,  and  elbow.  Destructive'  suppura- 
tion may  be  set  up  iu  the  joint,  and  loss  or  permanent  impaii-ment  of  utility 
of  the  hmb  will  be  the  inevitable  result. 

Diagnosis. — The  diagnosis  of  pyemia  requires  to  be  made  : — 1.  from  ordi- 
nary Surgical  Fever,  the  Inflammatory  Fever  Avhich  accompanies  wounds  and 
Injuries,  and  Tyi^hoid  Fever;  2,  fi-omAgue;  3,  fi-om  Rheumatism;  4,  from 
Septicemia. 

1.  The  Diagnosis  from  ordinary  Surgical  Inflammatory  Fever  and 
Typhoid  Tever  is  usually  sufficiently  easy,  the  course  of  these  fevers  being 
unbroken  by  severe  rigors,  by  sudden  fluctuations  of  temperature,  or  by  sweats. 
An  ordinary  fever  may  be  ushered  in  by  a  rigor  ;  but  this  is  seldom  so  intense 
as  that  which  marks  pyemia,  and  certainly  does  not  recur  during  the  attack. 
The  temperature  also  in  ordinary  fevers  is  more  uniform.  It  is  not  marked 
by  those  sudden  exacerbations,  followed  by  equally  rapid  declines,  that  are  so 
characteristic  of  pyemia. 

2.  From  Ague  the  diagnosis  would  not  be  easy  iu  the  eai-lier  stages,  if  the 
patient  had  been  exi^osed  to  malarial  influences,  and  was  at  the  same  time 
suff'ering  from  surgical  fever  resulting  from  a  wound,  as  then  the  characteristic 
feature  of  intermittent  fever,  the  prolonged  period  of  normal  temperature 
between  the  rigors,  will  be  wanting.  Thus  in  a  person  injured  whilst  living 
in  a  swampy  country,  there  may  be  much  doubt  as  to  the  nature  of  the 
attack  ;  but  in  large  towns,  the  general  al)sencc  of  ague  and  the  obviou.* 
surgical  cause  of  the  pyemia  will  render  the  diagnosis  more  easy.  In  the 
later  stages,  the  signs  of  articular  inflammation  and  suppuration,  the  secondary 
visceral  and  areolar  abscesses,  will  all  tend  to  clear  u])  the  diagnosis.  In  any 
doubtful  case  a  chart  should  be  made  of  the  temperature,  when  the  regular 
periodicity  of  the  attacks  in  ague  will  be  very  apparent  if  that  disease  is 
presen  t. 

3.  From  Rheumatism  it  is  easy  to  make  the  diagnosis  of  pyemia,  provided 
the  recun-eiit  rigor  and  other  early  symptoms  have  been  well  marked.  But  if 
these  have  been  somewhat  obscure,  and  if  the  secondaiy  articular  implication 
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;)e  early  developed,  fclieve  may  be  some  difficulty  in  determining  the  nature  of 
the  disease.  But,  independently  of  the  recurrent  rigor,  the  great  prostration, 
the  early  supervention  of  atonic  symptoms,  and  the  local  centres  of  suppura- 
tion, will  establish  the  true  nature  of  the  disease.  Moreover,  the  temperature 
of  rheumatic  fever  does  not  show  the  extraordinary  variations  seen  in  pyaamia  ; 
and  the  sweating  in  rheumatism  is  continuous,  and  not  merely  the  sequence 
of  a  rigor.  In  pyajmia  the  tongae  is  usually  dry,  and  perhaps  brown,  and 
never  presents  the  creamy  white  fur  characteristic  of  rheumatism.  The  smell 
i)f  the  patient  is  sweet  or  "saccharine"  in  pyaemia,  while  in  rheumatism  it  is 
sour,  and  quite  distinctive. 

4.  From  Septic  Poisoning  and  Septic  Infection  it  is  not  always  possible 
to  make  the  diagnosis.  In  fact,  as  before  stated,  pyemia  is  in  the  majority  of 
■cases  more  or  less  complicated  by  septic  poisoning.  In  septic  infection  the 
acute  symptoms,  the  single  rigor,  the  marked  signs  of  blood  change,  such  as 
the  icteric  tint,  the  dyspnoea,  and  the  early  insensibility  together  with  the 
ixbsence  of  secondary  inflammations,  may  serve  to  distinguish  tlie  nature  of  the 
case  ;  but  in  many  cases  the  diagnosis  is  almost  impossible  during  life. 

Tebatment.  The  Prevmtire  Trmtnimt  is  Local  and  General. 

The  Local  Preventive  Treatment  consists  in  preventing  the  accumula- 
tion of  decomposing  discharges  in  the  cavities  of  wounds  or  abscesses.  This 
is  carried  out,  first  by  properly  draining  the  cavity  in  such  a  way  that  an 
accumulation  of  decomposable  matter  is  impossible,  and  secondly  by  employing 
antiseptic  agents  in  the  dressing  in  such  a  way  as  to  prevent  even  the  slightest 
trace  of  putrefactiA-e  change  in  the  discharges.  It  is  evident  that  in  many 
operations  about  the  throat,  rectum,  and  genito-urinary  organs  these  principles 
cannot  be  fully  carried  out.  In  certain  specific  inflammations,  as  in  infective 
^indocarditis,  or  acute  necrosis  of  bone,  the  inflammatory  products  possess 
infective  properties  independently  of  any  contamination  from  the  external 
air ;  and  if  they  enter  the  blood-stream  they  may  give  rise  to  embolism  of 
distant  parts  with  softening  of  the  infarcts  and  suppuration  around  them. 
Pyjemia  cannot,  therefore,  be  entirely  banished  from  surgical  practice,  but  it 
can  I)e  Hmited  to  a  few  exceptional  cases.  The  experience  of  Lister,  and  of 
•all  Surgeons  who  have  adopted  the  antiseptic  treatment  of  Avounds,  has  shown 
beyond  a  doubt  that  in  all  such  cases  as  amputations,  excisions  of  joints, 
recent  compound  fractures,  removal  of  tumours,  and  the  like,  pyasmia  can  and 
should  be  entirely  excluded,  even  in  hospital  practice. 

The  General  Means  for  the  Prevention  of  Pyaemia  consist  in  a 
scrupulous  attention  to  those  hygienic  measures  which  have  been  described 
in  the  earlier  chapters  of  this  work  ;  and  above  all  to  a  careful  avoidance  of 
overcrowding.  Overcrowding  is,  however,  a  relative  term.  If,  as  must  often 
happen  in  military  practice,  efficient  antiseptic  treatment  is  impossible, 
pyjEmia  is  certain  to  break  out  if  but  a  small  number  of  patients  are  accumu- 
lated in  a  limited  area  ;  on  the  other  hand  if  decomposition  of  the  discharges 
•can  be  prevented,  a  larger  number  may  be  treated  in  the  same  space  without 
danger.  No  wise  Surgeon  would,  however,  on  this  account  neglect  the  well- 
known  laws  as  to  cubic  space,  free  ventilation,  and  general  cleanliness,  relying 
solely  on  antiseptics  to  prevent  contamination  of  the  air.  It  has  already  been 
pointed  out  in  the  early  chapters  of  this  work,  that  although  putrid  dis- 
charges are  the  most  dangerous  and  most  powerful  source  of  contamination  of 
the  atmosphere  of  a  surgical  ward,  the  products  of  respiration  and  the 
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accumulation  of  excreta  will  of  themselves  so  vitiate  the  air  as  to  impair  th^ 
hea  th  and  lower  the  vitality  of  those  that  breathe  it;  and  thus  delay  tho 
healing  ol  wounds  and  favour  the  development  of  infective  diseases 

A  Curative  Treatment  of  pysEinia  can  scarcely  be  said  to  exist.  '  It  doubt- 
less happens  that  patients  occasionally  recover  from  this  disease,  even  after  the 
formation  of  diffuse  abscesses  ;  but  such  a  result  must  be  looked  upon  as  a 
happy  exception  to  its  commonly  fatal  termination,  rather  than  as  the  result 
of  any  special  mode  of  treatment.    The  only  treatment  that  holds  out  anv 
hope  ot  success,  appears  to  me  to  be  the  stimulating  and  tonic  one,  consistino- 
of  alcoholic  stimulants,  tonics,  and  liquid  nourishment.    I  have  certainly  seen 
recovery  follow,  in  some  cases,  the  administration  of  large  doses  of  quiniBe  - 
five  grams  being  given  every  third  or  fourth  hour.    Among  manv  others  1 
may  mention  a  very  serious  case  of  pyaemia  following  amputation  of  the  arm 
and  accompanied  not  only  by  all  the  symptoms  of  that  disease  in  a  verv 
marked  degree  but  by  pleuritic  effusion,  swelling  and  tenderness  over  one  hip 
and  secondary  hsemorrhage  from  the  stump,  which,  recovered  under  the  toni." 
and  stimulatmg  plan  of  treatment.    The  quinine  appears  to  check  the  ri^or. 
and  to  reduce  the  temperature.    In  some  cases  I  have  administered  chlorate 
of  potash  largely  (5  ij.  to  5  iv.  in  the  day),  in  addition  to  the  quinine  and 
wme,  with  apparent  benefit.    If  the  depression  be  very  great,  carbonate  of 
ammoma  in  five  or  even  ten  grain  doses  may  be  given  ;  such  fluid  nourishment 
as  the  patient  will  take,  with  a  liberal  allowance  of  alcohol,  wine  or  porter  beino- 
also  administered.   In  addition  to  this  medicinal  treatment,  hygienic  measure"^ 
must  be  put  in  force.    The  patient  should  throughout  be  placed  in  an  airl- 
and well-ventilated  apartment,  and  all  hygienic  rules  carefiilly  attended  to  ' 
As  abscesses  form,  they  must  be  freely  opened.    This  should  be  done  with 
antiseptic  precautions,  as  the  pus  in  the  secondary  abscesses  is  not  in  a  state 
ot  putrefaction,  and  the  patient's  condition  will  be  greatly  aggravated  if  it  be 
allowed  to  decompose.    In  cases  arising  as  the  consequence  of  septic  osteo- 
myehtis  foUowmg  amputations  or  compound  fractm-es,  removal  of  the  limb  at 
the  next  joint  above  the  affected  bone  has  been  recommended  and  successfiillv 
practised  by  Sir  J .  Payrer,  even  after  one  or  more  well  marked  rio-ors 

If  convalescence  take  place,  the  patient  will  slowly  recover.  The  rigors  and 
sweats  will  gradually  become  less  frequent ;  the  appetite  wiU  improve  ;  the 
countenance  will  lose  its  anxious  expression,  and  the  skin  its  unhealthy  hue. 
But  strength  returns  slowly.  The  disease  may  assume  a  relapsing  character. 
Great  caution,  therefore,  is  necessary  before  a  patient  can  be  pronounced  safe. 
Even  after  recovery  he  will  continue  pale  and  wasted ;  energy  is  lost ;  nutrition 
IS  unpaired ;  and  at  a  more  remote  period  some  low  form  of  disease,  ixs  phthisis 
or  albuminuria,  may  prove  fatal.  These  evils  are  best  prevented  by  a  course 
ot  sulphureous  mineral  water,  followed  by  a  Ion  sea-voyage. 
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TUMOURS.* 

It  is  extremely  difficult  to  give  a  short  definition  of  the  word  Tumour, 
which  shall  cover  all  we  mean  by  it  and  not  extend  beyond.    According  to 
Hunter,  a  tumour  is  "  a  circumscribed  substance  produced  by  disease,  and 
different  in  its  nature  and  consistence  from  the  surrounding  parts."  CorniH 
and  Rauvier  define  a  tumour  as  a  "  mass  composed  of  a  tissue  of  new  fonna- 
tion  (a  neoplasm)  having  a  tendency  to  persist  and  to  increase,"  and  Lucke  as- 
••  an  increase  in  size  from  the  growth  of  new  tissue,  by  which  no  physiological 
cud  is  gained."    A  tumour  increases  in  size  by  an  inherent  force  of  its  own,. 
,,f  the  nature  of  which  we  are  ignorant  ;  and  this  is  irrespective  of  the  growth 
of  the  rest  of  the  system,  though  the  new  tissue  of  which  it  is  formed  is  deve- 
loped by  the  same  processes  as  those  observed  in  normal  growth.    Although  a 
tumour  may  closely  resemble  in  structure  the  part  in  which  it  is  growing,  it  can 
always  be  recognized  by  the  naked  eye  if  a  section  be  carried  through  it,  either 
by  some  slight  difi"erence  in  texture,  or  by  its  forming  a  clearly  defined  mass 
isolated  from  the  surrounding  structures.    A  tumour  is  distinguished  from 
simple  hypertrophy  by  the  isolation  of  the  growth  and  by  the  marked  altera- 
tion in  the  form  of  the  part  that  it  gives  rise  to.    In  simple  hypertrophy  the^ 
new  tissue  is  continuous  with  the  old,  identical  with  it  in  structure,  and  the- 
general  form  of  the  aflfected  part  is  mauitained.    Thus,  as  occasionally  occurs,, 
ff  the  great  toe  be  uniformly  enlarged  in  all  its  parts  while  maintaining  the- 
o-eneral  form  natural  to  it,  the  condition  is  termed  hypertrophy,  but  a  small 
outgrowth  of  bone  from  the  ungual  phalanx  is  a  tumour.    Inflammatory  new 
growth  is  distinguished  from  a  tumour  by  the  fact  that  it  takes  place  under 
The  influence  of  some  definite  cause  of  irritation,  and  ceases  at  once  if  this  be- 
removed  ;  the  products  of  the  inflammatory  process  then  being  absorbed  more 
( ir  less  completely,  any  residue  becoming  developed  into  connective  tissue.  A 
tumour  grows  indefinitely,  maintaining  its  original  type  of  structure  whatever- 
.^ize  it  may  attain  to,  and  is  not  dependent  upon  any  evident  source  of  irrita- 
tion ;  in  fact,  should  such  arise,  the  tumour  itself  becomes  inflamed.  An 
inflammatory  process  is  as  a  rule  conservative  in  character,  being  concerned  in 
some  cases  in  repair  of  injury,  in  others  in  elimination  of  a  virus,  or  the 
lixtrusion  of  a  foreign  body  ;  the  growth  of  a  tumour  serves  no  such  purpose. 

(hASSii^iCATiox  OP  TuMOUUS.-^The  only  complete  classification  of  tumours- 
adopted  at  the  present  time  is  founded  on  their  anatomical  structure,  but  in 

>  The  most  exiiaustivu  trcatint;  on  this  sub.jo.ct  i.s  Vii-c.linw's  Kroat  work  on  "  Morbid  (irowths,"  (Oic; 
kraukli!irt<,-n  GesclnvUlstc),  wliilst  in  liis  "C.-llular  Patlioln-y  "  will  m  louiu  aii  oxiM.sition  ()r  Ins  vi«ws  ot 
tlio  lU'V,  l<Ji.nii!iit  of  new  torniations.  Tlio  ri-ador  will  lind  in  Paget  s  classical  "  Lectures  01.  burSH'al  Patlio- 
1<,.'V"  the  best  account  in  the  En-lish  lan-uage  of  llie  clinical  characters  of  these  Kn.wths  He  may  also- 
.onsult  with  advantage  RindHeisch's  "  Histnlo-ical  Pathology  (translated  lor  the  New  bydenliiiin  S.iciety 
bv  Dr.  Baxter),  BiUroth's  "  Surgical  Pathology  "  (American  Kdltion,  or  that  ol  the  i\(!W  Sydenham  bocioty,. 
translated  by  R.  W.  Parker),  the  "Manuel  d'UisLol.i-ie  Patliolo-ique,  by  (-oriiil  and  Haiivier,  vol.  1.,  'ind 
edit  and  /icler-s  "Pathology,"  translated  liy  Mac/Vlister.  1  am  under  much  obligation  to  my  tneud, 
Mr  Oodleo  for  his  kimlness  in  'having  uiuh^rtakcn  the  illiHtratioii  of  this  cliaiiter  with  a  series  of  dniwiiigjf. 
from  nature,  wliieh  arc  alike  admirable  for  their  lldelity  and  their  lU-tLstic  merit. 
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addition  to  this  oti.er  less  ],erfect  divisions  are  employed  for  clinical  nnroases 
Surgeons  have  long  divided  tnmonrs  into  two  great  cksses,  the  simple  or 
non-malignant  and  the  malignant.  As  a  rule,  this  division  corresi.onds 
accurately  w>th  that  founded  en  the  histological  structure,  and  from  micro 
scopic  examination  of  a  tumour  wo  can  say  with  certainty  whether  it  is  simple 
or  mahguant.  Thus  some  tumours,  as  the  cancers,  are  always  malignant  and 
others  uniformly  benign,  as  a  fatty  tumour.  In  others  tliere  may  be  some 
•doubt  it  the  fully  developed  portion  of  the  gi-owth  only  be  examined  Thu< 
some  cartilaginous  tumours  are  as  simple  as  a  fatty  tumoui-.  and  others  a. 
mahgnant  as  a  cancer.  These  have  been  termed  semi-malignant  but  tii. 
name  is  not  a  good  one.  A  tumour  is  either  malignant  or  simple  '  In  th. 
example  above  mentioned,  the  malignant  cartilaginous  tumours  and  the  simple 
will  be  found  to  bear  no  resemblance  to  each  other  if  carefully  examined  at 
•their  growing  margins.  * 

The  Non-Malignant,  Innocent,  or  Benign  Tumours  are  strictly  local 
m  their  development,  and  are  rarely  connected  with  any  constitutional  or 
hereditary  peculiarity.    They  resemble  more  or  less  completely  the  normal 
textures  of  the  part  m  which  they  grow,  and  hence  are  rerv  commonly  thoucrh 
not  perhaps  with  strict  propriety,  termed  homologous.    They  usually  thou-h 
not  invariably,  grow  slowly,  are  more  or  less  distinctlv  circumscribed,  beim^ 
often  enclosed  m  a  loose  capsule  of  counective  tissue,  and  have  no  tendencv 
to  involve  neighbouring  structures  in  their  o\vn  growth  :  any  chan-e  that 
they  induce  in  contiguous  parts  consists  simply  in  displacement  or  atrophy  bv 
their  size  ami  pressure.    They  are  usually  single,  but  not  uufrequently  mul- 
tiple, developing  either  simultaneously  or  successively  ;  but  if  in  the  latter 
mode,  without  any  connection  with  preceding  growths.    If  completely  removed 
by  operation,  they  do  not  return  ;  but  if  left  to  the  ordinary  processes  of 
nature,  they  slowly  attain  a  great  size,  aud  at  last  the  central  parts  deo-enerate 
or  necrose,  or  if  the  tumour  be  superficial,  the  skin  covering  it  ulcerates  and 
the  mass  inflames  and  sloughs.    In  some  cases,  after  reaching  a  considerable 
•size,  they  may  cease  to  grow  and  remain  stationary. 

Malignant   Tumours  differ  widely  from  those  just  described.  The 
•essential  feature  of  malignancy  is  that  the  growth  is  not  surrounded  by  anv 
limitmg  capsule,  but  invades  the  structures  amongst  which  it  is  oTowinc^ 
destroying  them  and  occupying  their  place.  The  effect  of  the  growth  may  not  -J 
beyond  this,  and  the  tumour  would  then  be  said  to  be  merelv  hcallij  malujmnf 
It  is  to  tumom-s  of  this  kind  that  the  term  "  semi-malignant  "  has  been  applied 
In  most  malignant  tumours,  however,  the  effects  are  not  merely  local.  Sooner 
■or  later  the  cell-elements  of  the  tumour  are  carried  through  the  lymphatics  or 
the  blood-vessels  to  distant  parts,  and  there  establish  growths  of  the  same  nature 
as  the  primary  tumour.    The  tumour  is  then  said  to  possess  general  as  well 
a«  local  malignancy.    A  jn'imary  malignant  tumour  usually  more  or  less 
closely  resembles  m  sti'ucture  the  tissue  in  which  it  commenced.    Thu.s,  the 
essential  features  of  true  cancers  is  the  presence  of  epithelium  in  the 'new 
growth,  and  the  form  met  with  is  always  that  normal  to  the  part  in  which  the 
tumour  originated,  as  for  instance,  squamous  in  the  tongue,  columnar  in  the 
rectum,  and  spheroidal  in  the  In-east.   In  no  malignant  tumour  does  epithelium 
arise  except  from  pre-existing  epithelium.    The  malignant  c(mnective  tissue 
tumours  (sarcomata)  show  the  same  tendency.    When  they  contain  any  fullv 
<leveloped  connective  tissue  it  is  always  that  nomal  to  the  part  in  which  thev 
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are  growing,  as  bone  or  cartilage  in  bone  or  fibrous  tissue  in  fascise,  skin  or 
ligaments.  Although,  therefore,  the  structures  composing  malignant  tumours 
are  not,  as  was  at  one  time  supposed,  foreign  to  the  body,  they  deviate  from 
the  normal  condition,  so  to  speak,  iu  time  and  place.  The  tissue  of  which  the 
growth  is  composed  is  more  or  less  approximated  to  the  embryonic  type 
normal  to  the  part.  Thus  the  malignant  connective-tissue  tumours  are  com- 
posed of  embryonic  tissue,  sometimes  pure,  but  more  commonly  showing 
a  tendency  towards  development  into  the  type  normal  to  the  part  in  which  the 
tumour  is  gTOwing.  This  is  less  marked  in  the  true  cancers  which  are,  as  a 
rule,  composed  of  fully  developed  tissues,  but  even  in  these  we  often  see  the 
epithelium  showing  a  tendency  to  return  to  the  primitive  rounded  cell 
with  a  large  nucleus,  and  to  lose  the  characteristics  of  the  form  in  which  it 
originated.  Thus,  in  rapidly  growing  cancers  of  the  tongue  or  rectum,  the 
squamous  or  columnar  cells  may  almost  lose  their  special  form.  This  reversion 
to  the  primitive  type  is  not  uncommon  in  the  secondary  tumours.  In  place, 
the  deviation  is  most  marked  in  the  true  cancers,  in  which  we  see  epithelium 
penetrating  deeply  beneath  the  surface  into  parts  where  no  such  structure  is 
normally  present.  This  wide  deviation  fi-om  normal  structure  led  to  the  term 
heterologous  being  applied  to  malignant  growths. 

The  following  may  be  looked  upon  as  the  chief  chnical  and  pathological 
characteristics  of  a  malignant  growth.    The  tumour,  often  at  first  circum- 
scribed with  a  defined  outhne,  as  it  grows,  invades  the  surrounding  parts, 
and  thus  becomes  fixed,  moving,  when  manipulated,  with  the  parts  in  which 
it  lies,  not  in  them.    The  rate  of  growth  is,  as  a  rule,  ra{)id,  but  varies  con- 
siderably.   The  vitaUty  of  the  new  tissue  is  usually  low,  and  while  its  circum- 
ference is  actively  extending  its  central  parts  commonly  undergo  degenerative 
changes.    When  it  reaches  the  surface  it  speedily  sloughs,  or  ulcerates, 
giving  rise  to  profuse  discharge  often  offensive  in  character,  and  not 
unfi-equently  to  abundant  hsemorrhage.    As  its  circumference  continues 
to  invade  neighbouring  parts  a  progressive  destruction  of  the  surrounding- 
tissue  takes  place.    At  a  certain  period — early  in  some  cases,  and  not  until 
many  months  have  elapsed  in  others — secondary  growths  make  their  appear- 
ance in  different  parts  of  the  body.    In  the  true  cancers  these  appear  first  in 
;  the  lymphatic  glands,  in  some  forms  never  going  beyond  these,  in  others  subse- 
■  quently  extending  to  the  "sdscera.    In  connective-tissue  tumours  the  glands 
'  often  escape,  the  dissemination  of  the  elements  of  the  tumour  taking  place 
'  only  through  the  blood-vessels,  and  the  secondary  growths  appearing  first  in 
tthe  viscera.    When  these  have  developed  they  serve  as  new  foci  for  the 
I  dissemination  of  the  disease,  and  usually  assume  a  more  active  character 
'than  the  primary  affection.    The  patient  now  shows  signs  of  serious  modi- 
tfications  of  nutrition.    The  body  wastes,  the  skin  becomes  sallow,  the  diges- 
ttive  powers  become  impaired  and  ansemia  supervenes  ;  in  short  the  patient 
develops  the  so-called  cancerous  cachexia.    Most  malignant  tumours  cause 
ipain  as  they  invade  the  surrounding  parts,  and,  as  a  rule,  they  are  more 
.vascular  than  simple  growths,  and  thus  give  rise  to  serious  hasmorrhage  when 
ulceration  takes  place.    After  removal  they  very  commonly  return  locally, 
■having  infected  the  surrounding  parts  beyond  the  area  removed.    In  other 
cases  the  patient  escapes  local  recurrence,  but  perishes  from  the  secondary 
growths.    A  malignant  tumour  if  left  to  nature  is  inevitably  fatal,  from  the 
exhaustion  of  the  discharges  or  hasmorrhage,  from  implication  of  vital  organs, 
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or  from  the  disturbance  of  health  and  cachexia,  induced  by  the  fiecondary 
tumours.  Malignant  growths  ai-e  more  commonly  hereditary  than  simple 
tumours.  The  question  of  the  local  or  constitutional  origin  of  malignant 
growths  will  be  discussed  with  cancers. 

The  term  "cancerous  "  was  at  one  time  used  as  synonymous  with  malignant, 
but  as  our  knowledge  of  the  structure  of  tumours  has  increased  the  large 
group  of  sarcomata  has  been  separated  from  true  cancers  or  carcinomata,  and 
thus,  though  all  cancerous  tumours  are  malignant,  all  malignant  tumours  are 
not  cancers.  It  is  in  this  group  of  sarcomata  that  we  find  that  less  accurate 
correspondence  between  histological  structure  and  clinical  malignancy  which 
gave  rise  to  the  use  of  the  term  semi-malignant.  Paget,  for  instance,  observed 
that  tumours  apparently  similar  in  structure  may  run  very  different  courses 
in  different  individuals,  in  some  being  in  every  way  innocent  and  in  others 
malignant.  Thus  a  tumour,  composed  purely  of  spindle-shaped  cells,  may  in 
one  case  show  no  tendency  to  recur  after  removal,  or  to  affect  distant  parts ; 
whilst  in  another  it  may  run  a  locally  and  generally  malignant  course.  The 
tumour  would  necessarily  in  both  cases  be  classed  under  the  same  name  in  an 
anatomical  classification.  A  careful  investigation  of  the  growing  edge  in  the 
two  cases  would  probably  show  that  in  the  one  case  the  tumour  was  growing  in 
a  capsule  of  areolar  tissue,  and  in  the  other  that  this  was  wanting,  and  the  new 
growth  was  distinctly  invading  the  surrounding  parts.  Of  the  causes  of  this 
great  difference  in  apparently  similar  growths  we  know  nothing.  In  the 
cartilaginous  tumours,  which  are  sometimes  given  as  typical  examples  of  this 
uncertainty,  the  similarity  of  the  malignant  and  simple  forms  is  more  apparent 
than  real.  In  the  malignant  forms  the  cartilage  will  be  found  to  be  developed 
from  a  surrounding  zone  of  embryonic  tissue  infiltrating  the  neighbouring 
structures.  In  the  simple  form  the  new  cartilage  is  merely  covered  with  a 
perichondi-ium,  as  in  the  normal  cartilage  of  a  growing  bone.  The  former  is  a 
chondrifying  sarcoma,  the  latter  a  true  chondroma. 

Even  in  undoubtedly  malignant  growths,  as  in  cancers,  we  find  the  degree 
of  malignancy  very  various  in  different  cases  without  our  being  in  any  way 
able  to  account  for  it,  either  by  the  structure  of  the  growth  or  by  any 
peculiarity  in  the  patient.  Thus  one  man  may  die  from  secondary  disease  of 
the  glands  after  a  primary  cancer  in  the  tongue  no  bigger  than  a  split  pea, 
and  another  may  show  no  glandular  infection  when  half  the  tongue  is 
destroyed.  In  other  cases  the  malignancy  may  be  from  beginning  to  end 
local.  This  is  the  case  in  the  disease  known  as  rodent  cancer.  Some  sar- 
comata recur  locally,  but  after  repeated  removal  the  tendency  may  disajipear 
and  the  patient  eventually  recover. 

Innocent  and  malignant  tumours  are  occasionally  met  with  in  the  same 
person,  four  or  five  different  kinds  of  growth  even  occurring  in  one  individual. 
I  have  seen  in  one  patient  a  scirrhous  breast,  an  enchondromatous  tumour  of  the 
leg,  and  an  atheromatous  cyst  on  the  back,  with  scrofulous  glands  in  the  neck. 
New  formations  of  different  types  may  be  found  even  in  the  same  mass  ; 
thus,  encephaloid  cancer  and  spindle-celled  sarcoma  have  been  found  together 
in  the  testis.  This,  however,  must  not  be  taken  as  any  e^^dence  of  the 
possibility  of  the  conversion  of  one  into  the  other,  but  rather  as  the  result  of 
a  departure  in  different  directions  from  the  normal  mode  of  growth.  There  is 
indeed  no  proof  that  a  non-malignant  can  be  converted  in  any  circumstances 
into  a  malignant  tumour  of  a  different  type  ;  a  fibrous  tumour  may  take  on 
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apicl  growth  and  assume  the  characters  of  a  mahgnant  sarcoma,  at  last 
.  iostroyiug  the  patient,  but  there  is  no  evidence  that  it  can  ever  be  changed 
into  a  cancer.  A  mahgnant  tumour  may,  however,  appear  on  the  site  of  a 
uon-mahgnant  growth  that  has  been  removed  :  thus  I  have  seen  a  scirrhous 
nodule  grow  in  the  cicatrix  left  after  the  removal  of  a  cystic  sarcoma  of  the 
breast.  Warts  and  moles  may  exist  for  years  without  causing  trouble,  but  at 
last  rapidly  grow  and  develop  either  into  malignant  sarcomata  or  squamous 
ciuicers. 

A  classification  founded  upon  an  anatomical  basis  not  only  enables 
the  observer  to  comprehend  the  precise  relation  which  any  particular  growth 
luider  observation  bears  to  others  that  resemble  it  ;  but  it  leads  him  to  trace 
the  origin  of  the  new  formation  from  the  pre-existing  structures  of  the  part  in 
which  it  occurs,  thus  forming  the  first  step  towards  a  knowledge  of  the 
etiology  of  the  disease.  Tumours  are  said  to  be  heterologovs  or  homologous, 
nccordiug  as  they  present  a  greater  or  less  deviation  from  the  normal  condition 
f  the  tissues  from  which  they  spring.  These  terms  are  essentially  relative  ; 
aud  it  is  only  to  instances  at  the  extreme  ends  of  the  series  that  either  term 
can  be  definitely  applied.  At  the  same  time  it  must  be  borne  in  mind,  that 
\'irchow's  law  holds  good  even  for  the  most  heterologous  growths  ;  this  law 
>fcates,  that  "  the  same  types  of  anatomical  structures  exist  in  new  formations 
IS  are  found  in  the  body  generally,"  and  he  thereby  denies  the  possibility  of 
the  occurrence  of  a  true  heteroplasia,  and  the  existence  in  new  formations  of 
specific  elements,  differing  from  any  normal  cells  in  the  body.  The  more 
heterologous  the  growth,  that  is,  the  greater  the  departure  from  the  normal 
structure  of  the  part  in  which  it  occurs,  the  more  malignant,  as  a  rule,  will  be 
its  action  upon  the  system  generally  ;  whilst  the  reverse,  with  some  exceptions, 
is  true  of  homologous  formations. 

In  classifying  tumours  according  to  their  anatomical  structure,  they  are 
divided  primarily  into  four  chief  groups.  First,  those  composed  of  one  of  the 
forms  of  connective  tissue ;  secondly,  those  composed  of  tissue  resembling  one 
■of  the  higher  tissues  of  the  body ;  thirdly,  those  composed  of  embryonic  tissue, 
either  pure  or  developing  into  connective  tissue  ;  and,  fourthly,  those  in  which 
epithelium  forms  the  essential  part  of  the  growth.  Cystic  tumours  are  classed 
by  themselves,  forming  a  fifth  group. 

General  Characters  of  Typical  Tissues. — ^Before  proceeding  to  consider 
the  individual  growths,  which  are  thus  grouped  together,  it  will  be  desirable 
to  describe  briefly  the  essential  features  presented  by  the  structures  upon 
which  the  types  of  some  of  the  classes  are  founded. 

First  as  to  connective  tisstie  : — This  exists  throughout  the  body,  present- 
ing, however,  many  varieties  of  form  adapted  to  the  special  functions  of  each 
particular  part  in  which  it  appears.  It  consists  essentially  of  an  intercellular 
substance,  homogeneous,  hyaline  or  fibrillated,  in  which  are  embedded  cells 
having  an  oval,  caudate,  fusiform,  or  branched  form,  and  usually  presenting  a 
distinct  central  nucleus  and  nucleolus;  In  addition  to  these,  in  fibrous  or 
areolar  tissue,  wandering  cells,  with  amcjeboid  movements,  are  normally 
present.  These  are  regarded  as  white  corpuscles,  which  have  migrated  from 
the  vessels.  The  fixed  connective-tissue-corpuscle  was  looked  upon  by 
Yirchow  and  his  followers  as  the  starting  point  from  which  are  derived  the 
various  cell-structures,  entering  into  the  formation  of  all  tumours.  Other 
pathologists  have  believed  that  connective-tissue  tumours  might  arise  by  the 
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growth  and  developmeufc  of  leucocytes  which  have  migrated  into  the  affected 
part.  At  the  present  time,  whatever  part  may  be  ascribed  to  leucocytes  in 
the  formation  of  new  tissue  as  a  consequence  of  inflammation,  they  are  not 
supposed  to  take  any  share  in  the  growth  of  tumours  of  the  connective  tissue 
type. 

The  following  are  the  chief  forms  of  connective  tissue :  areolar  tissue, 
adipose  tissue,  white  fibrous  tissue,  yellow  elastic  tissue,  bone,  aud  cartilage. 
Mucous  tissue  must  also  be  included  under  the  same  type.  It  is  met  with  in 
the  Whartonian  jelly  of  the  umbilical  cord  and  in  the  adult  only  as  the 
vitreous  humour  of  the  eye. 

The  simplest  form  of  emTiryonic  tissue  is  composed  of  small  round  cells 
about  the  size  of  white  blood-corpuscles,  connected  with  each  other  by  a  small 
quantity  of  homogeneous  intercellular  substance.  The  cell  consists  merely  ot 
a  small  mass  of  protoplasm  with  a  nucleus  in  the  centre,  which  may  be 
somewhat  difficult  to  distinguish.  The  vessels  in  such  tissue  are  abundant, 
and  extremely  thin-walled,  like  those  of  gi-anulations.  The  modifications 
in  this  tissue  observable  in  tumours  are  seen  both  in  the  cells  and  in  the 
intercellular  substance.  The  cells  may  be  of  gi-eat  size,  almost  resembling 
epithelial  cells  ;  they  may  be  spindle-shaped,  oval,  or  stellate.  The  inter- 
cellular substance  may  be  small  in  quantity  and  homogeneous,  or  it  may  1)6 
increased  in  amount  without  apparent  change  in  its  natm-e.  The  most 
common  modification  is  a  development  of  fibrous  tissue  between  the  cells. 
In  other  cases  it  may  be  developed  into  bone  or  cartilage.  It  must  be 
remembered,  however,  that  in  tumours  classified  under  the  type  of  embryonic  i 
tissue,  with  rare  exceptions,  a  recognizable  intercellular  substance,  either 
homogeneous  or  fibrous,  extends  between  the  individual  cells,  and  this  serves 
as  an  important  point  of  distinction  between  some  modifications  of  embryonic 
tissue  and  epithelium. 

Epithelium  is  composed  of  cells  united  together  by  a  homogeneous  material 
or  cement,  which  is  not  sufficient  in  quantity  to  be  recognizable  under  ordinary 
circumstances.  No  vessels  ever  penetrate  amongst  the  cells,  nor  do  the  fibres 
of  the  suiToundiug  or  subjacent  connective  tissue  extend  between  the  individual 
elements.  Consequently  if,  on  washing  a  microscopic  section  so  as  to  remove 
the  cells,  a  reticulate  fibrous  stroma  is  seen  forming  spaces  in  which  single  ; 
cells  have  lain,  the  tissue  is  not  epithelial.  It  will  be  seen  hereafter  that  some 
forms  of  tumour,  composed  of  one  of  the  modifications  of  embryonic  tissue, 
may  so  closely  resemble  epithelial  growths  that  it  is  only  by  carefully  observing 
a  washed  specimen  that  the  distinction  can  be  made.  Epithelium-cells  vary 
much  in  shape  and  size,  and  their  outline  is  sharply  defined.  They  possess 
usually  one  nucleus,  sometimes  two,  with  one  or  more  highly  refracting  nucleoli. 
The  nucleus  is  frequently  eccentric.  The  form  of  epithelium  met  with  in  a 
primary  tumour  is  ahvays  similar  to  that  normal  to  the  part  in  which  the 
tumour  is  growing;  thus  in  the  skin  it  is  squamous,  in  the  intestines  columnar, 
and  in  glands  it  is  spheroidal.  In  secondary  tumours,  the  type  of  epithelium 
corresponds  to  that  of  the  primary  gi-owth.  Primary  tumours  containing  ; 
epithelium  never  originate  except  in  connection  with  parts  in  which  epithelial  ; 
cells  are  normally  present.  This  fact  has  led  to  another  classification,  accord- 
ing to  the  origin  of  the  part  in  which  the  tumour  grows,  from  one  or  other  of 
the  three  layers  into  which  the  blastoderm  divides  in  the  first  stages  of  deve- 
lopment.   ]*Vom  the  superficial  layer  or  epiblast  are  developed  the  central 
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aervous  system,  the  organs  of  sense  and  the  cuticular  covering  of  the  body, 
and  the  glands  of  the  skin  ;  from  the  lower  layer  or  hypoblast  arise  the  epi- 
thehal  lining  of  the  air-passages,  and  of  the  alimentary  canal  with  the  epithehal 
lining  of  dncts  opening  into  it,  and  the  special  epitheUum  of  the  glands  them- 
selves. The  rest  of  the  body  arises  from  the  middle  layer  or  mesoblast.  It 
is  supposed  that,  after  this  early  differentiation  of  the  embryonic  cells,  'the 
tissues  which  belong  to  one  layer  can  never  be  developed  from  the  cells  of 
another.  Thus  tumours  such  as  carcinomata,  in  which  epithelium  forms  the 
active  and  essential  element,  can  never  develop  primarily  in  those  parts  which 
ai-ise  from  the  mesoblast.  Tumours  have,  therefore,  been  classified  as  epiblastic, 
raesoblastic,  and  hypoblastic. 

The  following  classification  may  be  adopted  as  possessing  chnical  convenience, 
and,  at  the  same  time,  presenting,  as  far  as  possible,  an  anatomical  uniformity. 

I.  Cystic  Tumours  generally. 

II.  Tumours  composed  of  one  of  the  modifications  of  fully  developed  Con- 
nective Tissue. 

a.  Fat — Lipoma. 

h.  Fibrous  Tissue — Fibroma. 

c.  Cartilage — Chondroma,  Enchondroma. 

cl.  Bone — Osteoma,  Exostosis. 

e.  Mucous  Tissue  of  Umbilical  Cord  or  Yitreous  Humour— Myxoma. 

III.  Tumours  which  resemble  in  structure  more  or  less  perfectly  one  of  the 
more  Complex  Tissues  of  the  body. 

a.  Muscle — Myoma. 

Nerve — True  Neuroma. 

c.  Blood-vessels.    Angioma,  N^vus. 

d.  Lymphatic  Vessels— Lymphangioma,  Lymphatic  Nsevus. 

e.  Lymphatic  Glands — Lymphadenoma. 

/.  Papillse  of  Skin  or  Mucous  Membrane— Papilloma. 
g.  Secreting  Glands — Adenoma. 

IV.  Tumours  composed  of  Tissue  which  is  either  purely  Embryonic,  or  is 
showing  some  signs  of  a  tendency  to  develop  into  adult  tissue  of  the  Connec- 
tive type. 

Sarcomata. — These  are  subdivided  chiefly  according  to  the  shape  and 
size  of  the  cells  of  which  they  are  composed  ;  thus,  round-celled,  oval- 
celled,  spindle-ceUed,  giant-celled  sarcoma,  &c. 

V.  Tumours  composed  of  Cells  of  an  Epithelial  Type,  arranged  in  spaces 
in  a  vascular  stroma  consisting  of  more  or  less  perfectly  developed  fibrous 
tissue. 

Carcinomata  or  true  Cancers.— Spheroidal  or  Glandular,  Squamous  and 
Columnar. 

Etiology  of  Tumoues.— In  the  great  majority  of  cases  we  have  not  the 
remotest  idea  of  the  causes  which  have  led  to  the  growth  of  the  tumom-. 
Hereditary  tendency  has  a  marked  influence  in  the  growth  of  many  forms, 
more  especially  of  maUgnant  growths.  The  cancers  are  certainly  inherited  in 
a  large  proportion  of  cases ;  in  simple  tumours  hereditary  tendency  is  less 
marked,  but  is  occasionally  to  be  traced.  Paget  makes  also  the  very  interest- 
ing practical  remark,  which  agrees  entirely  with  the  result  of  my  own  obser- 
vation, that  the  children  of  cancerous  parents  may  be  the  subjects  of  tumours 
not  carcinomatous  in  structure,  but  closely  resembling  such  growths  in  the 
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rapidity  of  their  progress,  their  hability  to  ulcerate  and  to  bleed,  and  thdr 
great  disposition  to  return  after  removal.  Local  iiritation  or  mechanical 
injury  is  undoubtedly  the  determining  cause  of  the  growth  of  the  tumour 
m  a  certain  proportion  of  cases.  The  effects  of  this  cause  also  are  most 
marked  in:  malignant  growths.  The  proportion,  however,  in  which  such 
a  cause  can  be  traced  is  very  small,  varying,  according  to  different  authors 
from  14  to  7  per  cent.  Cohiiheim  has  suggested  the  hypothesis  that  some 
tumours  may  arise  from  the  minute  portions  of  embryonic  tissue  which 
have  persisted  in  an  undeveloped  state  amongst  the  mature  tissues :  but 
there  is  little  definite  evidence  to  support  this  theory. 


CYSTIC  TUMOURS. 


A  Cyst  is  defined  as  a  cavity  of  new  formation,  or  resulting  from  the  alj- 
normal  distension  of  a  natm-al  space,  surrounded  by  a  more  or  less  distinct 
wall,  and  filled  with  fluid  or  semi-solid  matter.  The  wall  of  a  cyst  is  lined  by 
epithelium  or  endothelium,  or  has  no  definite  lining,  according  to  its  origin 
The  accurate  classification  of  cysts  is  difficult,  because  conditions  which  are 
pathologically  similar  are  clinically  spoken  of  as  cysts  in  some  parts  of  the 
body  and  not  m  others.  The  method  usuaUy  adopted  is  that  in  which  they 
are  divided  according  to  their  mode  of  origin,  as  follows  :— 

1.  Cysts  arising  from  the  distension  of  pre-existing  spaces. 

2.  Cysts  of  new  formation. 

3.  Congenital  cysts. 

4.  Parasitic  cysts. 

Cysts  arising  feom  the  distension  of  pre-existing  spaces  

These  are  subdivided  into  :  {a.)  Exudation  cysts  ;  and  (&.)  Eetention  cysts. 

[a.)  Exudation  Cysts  arise  from  chi-onic  exudation  into  cavities  which 
are  not  pro^dded  with  excretory  ducts,  as,  for  instance,  the  bursEe,  which  often 
attain  a  considerable  size  in  these  circumstances.    Strictly  speaking,  chronic 
synovitis,  with  "dropsy  of  the  joint,"  hydrocele  of  the  tunica  vaginahs,  and 
spina  bifida,  should  be  included  in  this  class,  but  clinically  these  affections  are 
never  spoken  of  as  cysts.    A  form  of  exudation  cyst  is  sometimes  met  with  in 
connection  with  serous  and  synovial  membranes,  which  arises  from  a  hernial 
projection  of  the  membrane  with  subsequent  constriction  and  obhteration  of 
the  neck  of  the  protrusion,  so  that  a  separate  cyst  is  formed.    Some  of  the 
cysts  met  with  in  the  popliteal  space,  and  of  those  formed  in  connection  with 
the  sheaths  of  tendons,  or  ganglia,  are  supposed  to  be  formed  in  this  way. 
Similar  cysts  are  occasionally  met  with  in  one  of  the  situations  of  abdominal 
hernia,  which  are  eAadently  formed  by  the  constriction  and  obliteration  of  the 
neck  of  the  sac  of  the  peritoneum,  with  Biil)8oquent  exudation  into  the  closed 
cavity. 

In  cysts  formed  in  connection  Avith  synovial  membranes  or  bursas,  opaque, 
white,  or  yellowish  bodies,  resembling  melon  seeds  in  size  and  form,  are  not 
nnfrequently  met  with.  Sometimes  these  are  attached  to  the  cyst-wall  by  a 
narrow  pedicle,  but  more  often  they  are  free.  They  are  supposed  to  arise  in 
three  ways  :  first,  as  an  outgi'owth  fi-om  the  cyst-wall  ;  secondly,  by  changes 
taking  place  in  extravasated  blood  ;  and  lastly,  from  a  fibrinous  exudation 
from  the  wall  of  the  cyst.  The  ]Dresence  of  blood-crystals,  which  has  been 
recognized  in  some  cases,  proves  that  they  occasionally  arise  in  the  second 
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way.  The  symptoms  and  treatment  of  these  aifections  are  described  with 
diseases  of  bm'saj  (see  Vol.  II.). 

One  form  of  cystic  disease  of  the  ovary  may  be  placed  under  this  head,  as  it 
arises  from  dilatation  of  the  Graafian  follicles.  The  cysts  are  usually  nume- 
rous, but  do  not  individually  reach  any  very  great  size.  They  contain  a 
serous  fluid,  and  ova  have  been  recognized  within  them,  thus  proving  their 
origin. 

(&.) — jRetention  Cysts  arise  from  an  obstruction  to  the  escape  of  some 
natural  secretion,  in  consequence  of  which  the  acini,  or  tubules,  of  the  gland 
become  expanded,  or  the  duct  becomes  dilated  to  such  an  extent  as  to  form  a 
distinct  cyst.  The  process  by  which  the  cyst  is  formed  is  not  one  of  simple 
dilatation  ;  it  is  accompanied  by  a  new  growth  of  fibroid  tissue,  resulting 
from  the  irritation  caused  by  the  tension  of  the  retain e:l  secretion,  so  that  in 


Fig.  358. — Contents  of  Atlieromatous  Cyst  (454  diam.l, 

a.  Epithelial  cells  showing  various  degrees  of  fatt\- 

degenoration. 

b.  The  same  with  calcareous  degeneration. 

c.  Ciystals  of  cholesterine. 

d.  Oleaginous  and  fatty  particles. 


FiK.  359.— Wall  of  Atheromatous  Cyst  (188  diam.) 
aa.  Epithelial  lining,  the  supevlicial  cells 

swollen  and  fatty, 
a.  A  flake  of  fatty  cells  peeling  off. 
Wo.  Fibrous  capsule, 
c.  Surrounding  connective  tissue. 


almost  all  cases  the  wall  of  the  fully  developed  cyst  is  many  times  thicker  than 
the  structure  from  which  it  originated.  If  the  cyst  springs  fi'om  a  duct,  the 
walls  of  which  contain  involuntaiy  muscular  fibre,  this  will  be  found  to  have 
disappeared,  the  new  tissue  being  purely  fibrous.  The  cyst-wall  is  lined  with 
epithelium  of  the  same  character  as  that  naturally  lining  the  cavity  from  which 
it  has  originated.  The  contents  may  still  resemble  the  natural  secretion,  but 
more  commonly  they  are  altered  by  degeneration  and  inspissation,  or  by  exuda- 
tion from  the  wall  of  the  cyst. 

Retention  cysts  may  be  divided  into  three  groups  :  (a.)  Atheromatous 
cysts  ;  (/3.)  Mucous  cysts  ;  and  (y.)  Cysts  from  the  dilatation  of  large  ducts. 
The  two  first  groups  are  spoken  of  as  "  follicular  cysts." 

(a.)  The  Atheromatous  Cysts  are  those  arising  in  connection  with  the 
hair  or  sebaceous  follicles  of  the  skin.  The  minor  forms  of  obstruction  to  the 
ducts  of  the  sebaceous  folhcles  give  rise  to  the  conditions  known  as  comedo  and 
molluscum,  which  are  not  generally  classed  with  cysts. 
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Atheromatous  Cysts  are  usually  situated  upon  the  scalp,  face,  neck,  or 
back  ;  sometimes,  liowever,  they  occur  elsewhere— thus  I  have  removed  a  very 
large  one  from  the  fore  part  of  a  girl's  ai-m,  and  others  from  the  labia  and  groin. 
The  size  of  these  tumours  varies  from  tliat  of  a  pin's  head  to  an  orange  ;  the 
smallest  occur  on  the  eyelids,  the  largest  on  the  shoulders  and  scalp.  They 
have  been  met  with  also  on  the  palmar  aspect  of  the  fingers,  a  situation  in 
which  hairs  and  sebaceous  follicles  are  usually  absent.    Their  origin  then  is 
uncertain,  as  it  is  doubtful  if  they  can  arise  from  sweat  glands.  Athero- 
matous cysts  are  often  very  numerous,  especially  about  the  head,  where  as  many 
as  thirty  or  forty  may  be  met  with  at  the  same  time.    Most  frequently  they 
form  in  women  about  the  middle  period  of  life  :  they  are  smooth,  round,  or 
oval,  movable  under  the  integument,  either  semi-fluctuating  or  elastic,  though 
sometimes  sohd  to  the  touch.    In  some  parts  whei-e  the  sebaceous  follicles  are 
large,  as  on  the  back,  a  small  black  point  can  often  be  detected  on  the  surface 
of  the  tumour,  through  which  an  aperture  may  be  found  leading  into  its 
interior,  and  allowing  the  expulsion  of  its  contents.    A  sebaceous  tumour 
consists  of  a  cyst-wall  and  contents.    The  cyst-wall  is  composed  of  dense 
white  fibrous  tissue,  having  elongated  connective-tissue-corpuscles  scattered 
through  it.    It  is  connected  to  the  surrounding  parts  by  loose  areolar  tissue, 
containing  yellow  elastic  fibres  in  some  abundance.    The  thickness  of  the  wall 
varies  greatly.    When  the  cyst  is  situated  on  the  haiiy  scalp  it  wiU  always  be 
found  to  be  tough  and  thick,  while  in  all  other  situations  it  is  much  thinner. 
Immediately  in  contact  with  the  inner  surface  of  the  cyst-wall,  a  layer  of 
actively  growing  epithelial  cells  is  found  closely  resembhng  the  deeper  layers 
of  the  epidermis  ;  further  from  the  wall  these  assume  a  squamous  form  ;  then 
they  become  filled  with  fat  granules,  and  finally  break  down  into  a  fatty 
granular  mass  (Fig.  359).    The  atheromatous  mass  forming  the  contents  of 
the  cyst  is  composed  of  this  fatty  debris.    If  examined  when  freshly  removed 
from  a  tumour,  it  will  be  found  to  be  soft,  creamy,  pultaceous,  or  sometimes 
cheesy-looking,  of  a  yellowish  white  colom-.   Sometimes  in  old  cysts  it  becomes 
dry  and  laminated,  looking  not  unlike  Parmesan  cheese.    In  some  cysts  of  old 
standing  and  large  size,  the  contents  may  be  semi-fluid,  the  more  liquid  parts 
being  of  a  brown,  green,  or  blackish  tint.    These  various  contents  are  com- 
posed of  sebaceous  matter,  mixed  in  various  proportions  with  epithehal  scales, 
fat-granules,  and  cholesterine  (Fig.  358).    Sometimes  the  wall  sends  fibrous 
septa  towards  the  centre  of  the  cyst,  apparently  representing  the  remains  of 
the  tissue  between  the  acini  of  the  follicle  ;  but  true  papiflffi  or  hair-foUicles 
are  never  found  in  cysts  due  to  obstruction  of  the  excretory  ducts  of  a 
sebaceous  follicle.    Occasionally  a  part  of  the  cyst-wall  may  undergo  calcifica- 
tion, and  calcareous  particles  may  be  found  among  its  contents  (Fig,  358  b). 
Malherbe  has  described  a  true  ossification  of  the  cyst-waU  with  calcification 
of  the  epithelium-cells.    This  is  rare,  and  the  tumours  have  been  described 
as  osteomata  of  the  skin  before  their  true  nature  was  understood.  Some 
forms  of  cysts  of  new  fonnation  closely  resemble  those  just  described  ia  their 
contents  aud  naked-eye  appearances,  but  difl'er  from  them  in  the  structure  of 
their  walls,  Avhich  is  that  of  true  skin.    These  will  be  referred  to  again  under 
"  dermoid  cysts." 

Progress.— Th^  growth  of  these  tumours  is  often  very  slow  ;  but  not  un- 
frequently,  after  remaining  stationary  for  yeai-s,  they  increase  rather  rapidly. 
The  tumour  itself,  though  painless,  may  give  rise  to  uneasy  sensations,  by 
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'ompressing  nerves  in  its  vicinity  ;  it  usually  continues  to  grow  slowly,  until 
[he  patient,  being  annoyed  by  its  presence,  has  it  removed  by  operation.  If 
left  untouched,  it  occasionaliy,  though  rarely,  happens  that  the  sebaceous 
matter,  exuding  through  an  aperture  on  its  surface,  forms  a  kind  of  scab  or 
crust,  which  by  a  process  of  sub-deposition  becomes  conical ;  and,  being 
gradually  pushed  up  from  below,  at  the  same  time  that  it  assumes  by  exposure 
a  dark  brown  colour,  forms  an  excrescence  that  looks  like  a  horn,  and  is 
usually  considered  to  be  of  that  character.  These  "horns"  have  been  met 
with  on  the  head,  on  the  buttock,  and  in  other  situations.  The  accompanying 
drawing  (Fig.  360),  is  taken  from  a  child  four  years  old,  brought  to  me  to  have 
its  horn  removed  ;  a  woman  also  once  applied  to  me  with  one  about  an  inch 
and  a  half  long,  growing  from  the  upper  lip. 
In  other  cases,  these  tumours  inflame  and  suppurate  ;  the  skin  covering 


Fig.  360.— Horn  on  Nosu  of  a  child.  Fig.  361.— Ulcerated  Cystic  Tuuioiir  of  Scalp. 

them  becomes  adherent  and  reddened,  ulceration  takes  place,  and,  if  the  cyst 
be  small  and  dense,  it  may  be  tlu:own  off  by  suppuration  in  the  smTounding 
tissues.    If  it  be  larger,  ulceration  of  the  integuments  covering  it  takes  place, 
and  the  sebaceous  matter  is  exposed  ;  this  may  then  putrefy,  become  horribly 
ofFensive,  and  break  away  in  unhealthy  suppuration.    In  other  cases,  peculiar 
changes  take  place  in  the  cyst-wall :  large  granulations  are  thrown  out  in  it, 
and  the  cyst-wall  appears  to  vascularize,  becoming  irregular  and  nodulated, 
rising  up  in  tuberous  growths  with  everted  edges,  exuding  a  foetid,  foul 
discharge,  becoming  adherent  to  subjacent  parts,  and  assuming  a  malignant 
appearance,  forming  at  last  a  sore  as  large  as  a  saucer  (Fig.  361).    Cysts  that 
have  undergone  this  change  show  great  local  malignancy,  rapidly  infiltrating 
and  destroying  the  surrounding  parts,  but  as  a  rule  the  lymphatic  glands  are 
not  implicated.    I  have  seen  a  case  in  which  the  skin  was  destroyed  from  a 
little  below  the  vertex,  to  the  root  of  the  neck,  and  from  ear  to  ear  trans- 
versely.   The  surface  was  covered  with  fungating  granulations,  but  there  was 
no  implication  of  the  glands.    Liicke  states  that  in  such  cases  a  genuine 
transformation  of  the  atheromatous  cyst  into  an  epithelioma  has  taken  place, 
the  epithelium  penetrating  the  cyst-wall  and  growing  in  the  tissues  beyond. 
It  most  commonly  occurs  after  middle  life. 
Diagnosis.    The  only  diseases  with  which  these  tumours  can  be  confounded 
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are  abscesses  aud  fatty  growtlis.  From  an  abscess  a  sebaceous  cyst  may  be 
distinguished  by  its  history,  slow  growth,  situation,  elasticity,  and  mobility, 
and  the  existence  of  the  dilated  orifice  of  the  sebaceous  duct,  through 
which  some  of  the  contents  can  be  squeezed,  the  microscopical  examina- 
tion of  which  will  serve  to  confirm  the  diagnosis.  Yvom  faitij  Iwnours  these 
growths  may  be  diagnosed  by  their  firmer  and  more  regular  feel :  and  in 
case  of  doubt,  by  the  evacuation  and  examination  of  their  contents.  Some- 
times the  cysts  may  be  lobulated  so  as  closely  to  resemble  a  fatty  tumour 
(Fig.  362).  But  even  in  these  cases  they  may  be  distinguished  by  the  Surgeon 
pressing  on  the  edge  of  the  tumour  ;  if  cystic  it  will  remain  fixed,  and  the 
finger  can  be  pressed  through  it  ;  if  a  lipoma  it  will  roll  away.  When  this 
cyst  has  become  epitheliomatous,  its  origin  can  be  ascertained  only  from 
the  history. 

The  Treatment  of  a  tumour  of  this  kind  consists  simply  in  its  removal,  after 
which  it  is  never  reproduced,  unless  a  small  portion  of  the  cyst-waU  have  been 
left  behind.    So  long  as  these  tumours  are  small,  and  do  not  give  rise  to 


Fig.  362.— Large  Atlicioniatuus  Cyst  ftom  the  Back,  simiUatiii^'  Fatly  Tmnour.    (Half  the-  natural  size.) 

deformity  or  inconvenience,  they  may  be  left  without  sm-gical  interference. 
But  when  large,  and  more  particularly -when  they  have  become  inflamed,  they 
should  be  removed.  The  method  of  operation  wiU  vary  according  to  the 
situation  of  the  cyst  and  the  thickness  of  its  wall.  When  situated  on  the  scalp, 
where  the  cyst  is  dense  and  tough,  the  tumour  may  very  readily  be  removed 
by  transfixing  it  and  the  skin  covering  it  with  a  scalpel,  squeezing  out  the 
atheroma,  and  then  seizing  the  cyst-wall  with  forceps  and  pulling  it  out.  In 
this  little  operation  there  are  two  points  that  require  attention  :  first,  the  base 
of  the  cyst  should  never  be  transfixed  :  and,  secondly,  no  attempt  at  dissection 
should  be  made  :  if  either  of  these  precautions  be  neglected,  troublesome 
haemorrhage  may  ensue.  No  dressing  is  required  after  the  operation,  beyond 
a  piece  of  dry  absorbent  or  salicylic  cotton-wool  laid  on  the  wound,  which  \?ill 
generally  heal  by  the  first  intention.  When  these  tumours  occur  upon  the 
scalp,  a  large  number  may  be  removed  at  one  sitting  ;  as,  however,  there  is 
always  some  danger  of  erysipelas  following  operations  in  this  situation,  it  is 
only  prudent  to  select  a  favourable  season  of  the  year,  and  not  to  operate  if 
the  health  be  out  of  order.  Erysipelas  is  the  only  danger  to  be  ai)prchended  ; 
it  is  es])ecially  apt  to  occur  in  elderly  people  of  a  stout  make  and  florid 
complexion.  When  seated  about  the  face,  back,  trunk,  or  limbs,  sebaceous 
cysts  usually  require  to  be  dissected  out,  being  thin  and  more  closely  incor- 
porated with  the  skin  :  and  often,  in  consequence  of  former  inflammation, 
adherent  to  the  subjacent  jiarts.    In  doing  this,  care  should  be  taken  that  the 
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whole  of  the  cyst-wall  is  extirpated.  If,  however,  any  portion  of  the  wall  be 
left,  it  should  be  freely  rubbed  with  nitrate  of  silver,  lest  a  troublesome  fistula 
remain.  When  the  tumours  are  situated  between  the  shoulders  or  on  the  back, 
and  the  patient  is  unwilling  to  submit  to  an  operation,  I  have  sometimes 
easily  and  successfully  removed  them  by  opening  up  with  a  probe  the  small 
black  orifice,  which  will  always  be  found  leading  into  them,  squeezing  out  the 
contents  of  the  cyst,  and  then  pushing  in  two  or  three  silk  threads,  which, 
acting  like  a  seton,  have  excited  the  requisite  amount  of  inflammation  to 
bring  about  a  closure  of  the  cyst. 

In  some  cases,  in  which,  from  the  constitutional  condition  of  the  patient,  or 
from  prejudice  on  his  part,  the  use  of  the  knife  is  objectionable,  these  cysts 
may  be  removed  by  rubbing  the  skin  in  a  linear  manner  with  potassa  fusa  or 
fuming  nitric  acid.  When  the  slough  so  formed  separates,  the  cyst  comes 
away  with  it  or  may  be  squeezed  out. 

The  horns  and  malignant  ulcers  that  result  from  these  growths,  require 
excision.  If,  however,  the  ulceration  be  connected  with  the  cranium  by  its 
base,  or  be  very  extensive,  as  in  the  case  depicted  (Fig.  361),  it  may  be 
impossible  to  remove  it,  and  it  will  be  safer  to  treat  it  by  the  application  of 
the  chloride  of  zinc,  or  by  occasionally  touching  it  with  potassa  fusa. 

(/3.)  Mucous  Cysts  arise  in  mucous  membranes  in  the  same  way  as 
atheromatous  cysts-  in  the  skin.  Their  walls  are  usually  thin,  and,  as  a 
consequence,  they  seldom  reach  any  great  size.  Their  contents  usually 
consist  of  a  turbid  viscid  fluid,  and  cholesterine  is  sometimes  jjresent.  They 
are  most  commonly  met  with  in  the  mouth,  and  occasionally  in  the  tongue. 
They  form  one  variety  of  ranula  ;  and  the  so-called  dropsy  of  the  antrum, 
is  in  most  cases  a  mucous  cyst  developed  within  tlie  cavity.  They  are  also 
met  with  in  the  labia,«  arising  from  the  glands  of  Bartholini,  and  Cowper's 
giands  in  the  male  are  said  occasionally  to  undergo  a  similar  change.  They 
are  best  treated  by  excising  a  piece  of  the  wall  and  applying  a  strong  solution 
of  chloride  of  zine  to  interior  of  the  cavity. 

(7.)  Cysts  arising  from  the  dilatation  of  the  ducts  of  glands  are  less 
common.  They  are  inet  with  in  the  mamma  from  obstruction  of  the  lacteal 
ducts,  in  the  mouth  as  ranula  from  obstruction  of  Wharton's  duct,  and  in  the 
testicle,  forming  the  so-called  encysted  hydrocele  or  spermatocele.  Cysts  of 
similar  origin  are  also  met  with  in  the  liver  and  kidney.  The  consideration 
of  the  symptoms  and  treatment  of  these  cysts  must  be  deferred  to  the  chapters 
on  the  diseases  of  the  organs  in  which  they  occur. 

II.  Cysts  of  Neav  Formation. — Cysts  of  new  formation  may  be  divided 
into  {a)  Simple  or  serous  cysts  ;  {b)  Hgematoma  or  blood-cyst ;  (c)  Cystic 
tumours,  compound  and  proliferous  cysts  ;  {d)  Cysts  in  tumours. 

{a)  Simple  or  Serous  Cysts  may  occur  in  any  part  of  the  body.  They 
are  composed  of  a  thin  wall  lined  with  a  flat  endotheliiim,  like  that  of  a  serous 
or  synovial  membrane.  Their  contents  are  a  slightly  viscid  serous  fluid. 
They  are  supposed  to  arise  from  effusion  of  fluid  in  the  spaces  of  the  areolar 
tissue  ;  by  the  pressure  of  the  fluid  the  surrounding  fibres  are  squeezed 
together  and  thus  form  the  membranous  wall  of  the  cyst,  which  subsequently 
becomes  thickened  by  new  growth  of  fibrous  tissue. 

False  or  AcrAdental  Bur  sec  arise  in  this  way  over  any  bony  prominence 
which  is  exposed  to  pressure  and  friction  ;  in  fact  there  is  some  reason  to  believe 
that  all  bursse  are  thus  formed.    Whether  this  be  the  case  or  not,  false  bursaj 
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when  once  formed  are  lial)le  to  the  same  diseases  as  those  that  are  usually 
assumed  to  be  of  normal  development.  The  most  common  and  troublesome 
false  bursa  is  that  formed  over  the  ]jrojecting-  head  of  the  first  metatarsal  bone 
which  forms  the  condition  known  as  a  "  iunion.'" 

It  is  probable  that  many  of  the  tumours  classed  as  "  ganglia  "  are  formed  in 
the  same  way,  especially  those  on  the  back  of  the  hand,  as  the  extensor  tendons 
in  that  region  do  not  possess  a  sheath  sufiiciently  definite  to  allow  of  a  hernial 
protrusion  fi-om  it. 

The  serous  cysts  met  with  in  the  neck  do  not  belong  to  this  class.  They 
are  either  congenital  or  formed  by  dilatation  of  pre-existing  spaces  as  the  bursse 
about  the  hyoid  bone  or  larynx. 

(h.)  Haematoina  or  Blood-Cyst.— Under  this  term  have  been  included 
foui-  entirely  different  conditions. 

(1.)  The  true  hlood-cyst.  This  is  a  thin- walled  cyst  containing  pure  blood ; 
if  its  contents  are  withdrawn  by  puncture  it  rapidly  fills  again,  and  cases  have 
been  recorded  in  which  death  from  hsemoiThage  has  followed  incisions  made 
into  them.  They  are  most  common  about  the  neck,  in  close  connection  with 
the  sheaths  of  the  vessels,  or  the  parotid  region  ;  but  they  have  been  met  with 
elsewhere.  Their  origin  is  very  doubtful.  Some,  from  their  multilocular  form 
and  direct  communication  with  the  veins  are  supposed  to  have  originated  in 
n^vi.  In  others,  the  cyst  is  single,  and  has  no  connection  with  any  distinct 
vessel ;  the  blood  seems  in  these  to  be  farnished  by  an  extremely  vascular  cyst- 
wall,  as  in  a  case  recorded  by  G-ay.  These  sanguineous  cysts  may  sometimes 
resemble  in  general  appearance  a  soft  vascular  sarcoma.  A  case  of  this  kind  was 
sent  to  me  by  Henry  Bennet— a  tumour  of  about  the  size  of  an  orange,  of 
nodulated  appearance,  existing  in  the  leg  of  a  woman  below  the  knee,  where 
it  had  been  gradually  increasing  in  size  for  about  a  couple  of  years.  So  close 
was  the  resemblance  to  malignant  disease  presented  by  the  tumour-,  that  the 
limb  had  been  condemned  for  amputation  by  some  Surgeons  who  had  previously 
seen  the  case  ;  as,  however,  the  growth,  on  examination,  proved  to  be  a 
sanguineous  cyst,  as  its  walls  were  thin  and  adlierent,  and  as  it  extended  too 
deeply  into  the  ham  to  admit  of  ready  removal,  I  reduced  it  by  successive 
tappings,  and  then,  laying  it  open,  allowed  it  to  granulate  from  the  bottom. 
When  practicable,  however,  the  cyst  should  always  be  dissected  out. 

(2.)  Many  cases  have  been  described  as  sanguiferous  or  blood-cysts,  which 
are  in  reality  serous  ctjsts  into  ivliich  an  accidental  hccmorrJmge  has  taken  place. 
In  these,  unless  the  hemorrhage  be  very  recent,  the  blood  has  undergone 
changes  in  colour  from  disintegration  of  the  corpuscles.  In  some  cases  it  is 
treacly  from  absorption  of  a  part  of  the  serum. 

(3.)  The  term  hasmatoma  is  more  commonly  applied  to  cysts  which  have 
their  origin  in  an  extravasation  of  Hood.  The  changes  that  occur  in  extrava- 
sated  blood  have  been  already  described  (p.  303).  In  some  cases,  as  is  there 
pointed  out,  absorption  fails  to  take  place.  The  extravasated  blood  distends  the 
spaces  of  the  areolar  tissue,  or  fills  a  cavity  formed  by  subcutaneous  laceration. 
A  deposit  of  fibrin  first  takes  place,  and  subsequently,  in  consequence  of  the 
irritation  caused  by  the  tension  of  the  fluid,  an  ill-defined  capsule  of  fibrous  tissue 
is  formed  round  the  cxti-avasation.  The  contained  blood  becomes  altered  in 
colour  from  disintegration  of  the  corpuscles,  and  finally  the  contents  assume 
the  appearance  of  more  or  less  darkly-tinged  serous  fluid.  The  hseraatoma  of 
the  ear  so  frequently  met  with  as  the  result  of  violence  during  the  game  of 
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football  when  played  according  to  the  Rugby  rules,  is  a  cyst  of  this  kind. 
Similar  cysts  ai-e  not  uncommonly  met  with  in  the  ears  of  lunatics,  and  m  these 
cases  the  cause  is  not  so  evident.  I  have  seen  a  large  htematoma  on  each  ear 
of  a  lunatic.    The  contents  consisted  of  semi-solid  coagulum. 

Similar  cysts  are  occasionally  found  in  the  arachnoid  as  a  result  of  h»mor- 
rhao-e  into  that  cavity.  The  coagulated  blood  in  the  course  of  time  becomes 
completely  discoloured,  and  forms  a  thin  membrane-like  layer  of  tissue  which 
encloses  a  cavity  containing  a  small  quantity  of  serous  fluid. 

(4.)  In  many  cases  which  have  been  lately  recorded,  it  has  been  found  that 
tumours  which  were  described  clinically  as  blood-cysts  were  in  reality  soft 
sarcomaia,  the  structure  of  which  had  been  broken  down  by  hsemorrhage. 
(See  Sarcomatous  Blood-cysts.) 

(c.)  Cystic  Tumours— These  are  tumours  in  which  the  development  of 
cysts  is  an  essential  of  their  growth,  and  not  merely  an  accidental  complica- 
tion.   To  this  class  belong  the  compound  or  multilocular  cysts  met  with  in  the 
ovary,  the  mamma,  and  the  testicle.    In  many  cystic  tumours  soUd  growths 
project  from  the  walls  into  the  cavities,  and  from  this  they  have  received  the 
name  of  proliferous  cysts the  growths  are  spoken  of  as  intracystic  groiuths. 
Multilocular  cysts,  as  met  with  in  the  ovai-y,  form  the  best  example  of  this 
form  of  tumour.    These  cysts  are  composed  of  a  fibrous  wall  and  an  inner 
lining  of  columnar  epithelium.   Immediately  beneath  the  epithelium  is  a  layer 
of  embryonic  tissue,  from  which  spring  the  intracystic  growths.    These  assume 
the  form  of  branched  papillse  projecting  into  the  cavity  of  the  cyst ;  they  are 
covered  by  columnar  epithelium.    Wilson  Fox  has  shown  that  secondary  cysts 
may  be  formed  by  the  adhesion  of  adjoining  masses  of  this  papillary  growth, 
thus  forming  small  closed  spaces  or  daughter-cysts,  which  become  gradually 
distended  by  secretion.    In  some  cases  the  reverse  process  takes  place,  and 
instead  of  the  number  of  cysts  increasing  by  the  formation  of  daughter-cysts, 
they  become  diminished  hy  coalescence.    Unilocular  ovarian  cysts  are  sup- 
posed to  be  often  formed  in  this  way.    The  contents  of  these  cysts  vary  from 
a  hquid  as  thin  as  ordinary  blood-serum,  to  a  viscid  fluid.    It  is  sometimes 
coloured  from  the  admixture  of  altered  blood.    Chemically  it  is  found  to  con- 
tain met-albumin  and  par-albumin,  and  sometimes  mucin,  from  which  it  is 
assumed  that  the  fluid  is  a  true  secretion,  in  the  formation  of  which  the 
epithelial  lining  is  concerned. 

In  the  proliferous  cysts  of  the  mamma  the  intracystic  growths  assume  a 
lobulated  or  cauliflower-like  form,  and  in  structure  are  found  rudely  to 
resemble  the  normal  structure  of  the  mamma.  These  growths  may,  according 
to  Paget,  cause  by  their  increase  in  size  the  gradual  absorption  of  the  more 
fluid  contents,  until,  at  last,  their  development  is  arrested  by  the  cyst-wall. 
The  tumour  would  then  resemble  an  ordinary  adenoma  of  the  mamma  sur- 
rounded by  a  distinct  capsule. 

The  cystic  tumours  of  the  ovary,  mamma,  and  testis,  will  be  more  fully 
described  with  the  diseases  of  those  organs. 

{d^  Cysts  in  Tumours  form,  not  as  an  essential  part  of  the  growth,  but 
as  an  accidental  complication.  They  may  arise  from  softening  of  portions  of 
the  growth,  or  from  hsemorrhage  into  its  structure.  As  a  rule  they  are  not 
surrounded  by  a  distinct  wall,  but  in  some  simple  tumours  they  seem'  to 
increase  by  transudation  of  serum  into  the  cavity,  and  thus  the  surrounding 
structure  may  be  compressed  so  as  to  resemble  a  limiting  membrane.  Carti- 


ioo6 


TUMOURS. 


laginous  tumours  occasionally  become  cystic  from  mucous  softening  of  the 
raati-ix  Cysts  m  tumours  will  be  more  fully  described  with  the  growths  in 
which  they  occur. 

III.  COx\GENiTA].  Cysts  may  be  divided  into  four  classes,  {a  )  Those  re- 
sulting from  mclusion  of  a  portion  of  the  epiblast  within  the  mesoblast  durin.^ 
development :  {b.)  Those  arising  from  imperfectly  ol)literatcd  temporary  foetd 
structures  :  (c.)  Cysts  formed  by  the  inclusion  of  a  blighted  ovum  within  the 
developmg  body  of  the  foetus  :  {d.}  Cysts  of  doubtful  origin. 

{a.)    Cysts  arising  from  inclusion  of  a  portion  of  the  Epiblast 
Dermoid  cysts.— It  will  be  remembered  that  in  the  very  earhest  stages  of 
development  the  germmal  membrane  or  blastoderm  divides  into  three  layers  • 


from  the  most  superficial  of  these,  or  epiblast,  is  developed  the  cuticular  cover- 
ing of  the  body,  with  the  hairs  and  glands  of  the  skin  and  the  central  nervous 
system;  from  the  deepest  layer,  or  hypoblast,  arise  the  epithelial  lining  of  the  air- 
passages  and  of  the  alimentary  canal  and  the  epithelium  of  the  g]ands°connected 
with  It,  while  the  rest  of  the  body  is  developed  from  the  middle  layer  or  meso- 
blast. The  blastoderm  is  at  first  flat,  but  in  the  process  of  development  it  becomes 
folded  on  itself,  and  thus  encloses  the  abdominal  cavity ;  the  mouth  and  neck 
are  developed  from  lateral  processes,  the  branchial  arches,  which  curve  down- 
wards till  they  meet  in  the  middle  line,  and  between  those  arches  are 
fissures,  the  branchial  clefts.    The  lateral  parts  of  the  face  are  developed  in 
the  same  way,  while  the  nose  and  middle  parts  above  the  mouth  arise  from  a 
descending  process  proceeding  from  the  frontal  region.    By  the  coalescence  of 
all  these  the  face  and  throat  are  formed.    It  is  easily  to  be  understood  how  in 
this  process  a  portion  of  the  epiblast  may  become  included  and  remain  embedded 
in  the  tissues  belonging  to  the  deeper  layer.  Should  this  happen,  a  closed  cyst 
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may  be  formed  lined  internally  with  the  structures  proper  to  the  skin,  and  yet 
entirely  unconnected  with  it.    These  have  received  the  name  of  dcrmotd  cysts. 
They  are  met  with  most  commonly  in  the  subcutaneous  tissue  in  situations  m 
which  their  position  can  be  explained  by  the  process  of  inclusion  above  de- 
scribed.  The  accompanying  diagram,  from  a  paper  by  Gusset,  well  illustrates 
the  lines  in  the  face  which  correspond  to  the  branchial  clefts,  and  to  the  meet- 
ino-  of  the  various  processes  from  which  the  face  is  developed  m  the  foetus.  It 
is  In  these  lines  that  dermoid  cysts  are  most  commonly  met  with.    They  are 
most  often  found  at  the  upper  and  outer  angle  of  the  orbit.    Here  there  is 
often  an  indentation  in  the  bone  corresponding  to  the  cyst,  and  in  some  cases 
the  bone  may  be  wanting,  the  tumour  being  in  direct  contact  with  the  mem- 
branes of  the  brain,  a  fact  which  it  is  important  to  remember  m  attempting 
their  removal.    They  have  also  been  met  with  at  the  lateral  aspect  of  the  root 
of  the  nose  ;  under  the  tongue 
in  the  floor  of  the  mouth  ;  on 
both  sides  of  the  hyoid  bone, 
and  in  the  line  of  the  anterior 
border  of  the  sterno-mastoid. 
In  other  parts  of  the  subcu- 
taneous tissue  they  are  very 
rare.    They  have  occasionally 
been  met  with  within  the  skull 
on  the  meninges  of  the  brain. 

Dermoid  cysts  are  also  met 
with  in  situations  in  which 
their  origin  is  not  so  easily 
explained.  Thus  they  occur 
with  some  degree  of  frequency 
in  the  ovary  or  its  immediate 
neighbourhood  and  more  rarely 
in  the  testicle. 

The  walls  of  the  superficial 
dermoid  cysts  present  all  the  structures  of  true  skin;  cuticle,  cutis  vera, 
papillfE,  sweat-glands,  sebaceous  follicles,  hair-follicles,  and  hair.  (Fig.  364). 
Their  contents  are  usually  rather  thinner  than  those  of  the  ordinary  athero- 
matous cyst,  though  closely  resembling  them  in  appearance.  Often  a  small 
ball  of  coiled-up  hair  is  found  inside  the  cavity.  The  contents  are  the 
accumulated  secretions  of  the  glands  in  the  cyst-wall  mixed  with  desquamated 
epithelium. 

The  ovarian  dermoid  cysts  may  closely  resemble  those  of  the  subcutaneous 
tissue,  but  may  attain  to  a  nuich  greater  size.  In  some  cases  they  have  been 
found  to  contain  teeth,  and  have  then  received  the  name  of  dentlgerous  cysts. 
The  teeth  are  sometimes  set  in  a  piece  of  bone  resembling  the  alveolar  bone 
of  a  jaw. 

(6.)  Congenital  Cysts  arising  in  Imperfectly  Obliterated  Foetal 
Structures. — To  this  class  may  be  referred  the  cysts  of  tlie  spermatic  cord 
which  arise  from  the  distension  of  a  portion  of  the  processus  vaginalis  testis 
which  has  remained  unobliterated,  although  cut  off  from  the  cavity  of  the 
peritoneum  above  and  the  tunica  vaginalis  below. 

Some  tumours  of  the  testicle  and  some  growths  arising  in  the  neighbour- 


p'ig.  3fi4.— Wall  of  Dermoid  oyst  (40  diani.)- 

a.  Epi<leniiis. 

b.  Haiv-l'olliclB. 

c.  Sebaceous  glaTid. 

d.  Surrounding  connective  tissue  with  small  masses  of  fat. 
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hood  of  the  kidney  which  contained  large  cysts  lined  with  columnar  epithelium 
are  supposed  to  arise  from  the  unobliterated  remains  of  the  Wolffian  body- 
and  the  parovarian  cysts  arising  in  the  broad  h'gament  of  the  uterus  have  the 
same  origin. 

(c.)  Cysts  formed  by  the  Inclusion  of  a  Blighted  ovum  in  the 
developing  Body  of  a  Foetus.— Tumours  containing  various  structures 
such  as  bone,  teeth,  cartilage,  &c.,  have  been  ascribed  to  this  cause,  but  the 
evidence  of  their  origin  is  far  from  certain.  They  are  most  common  in  the 
abdomen,  especially  about  the  ovaries,  mesentery,  and  omentum ;  they  have 
also  been  observed  in  connection  with  the  testis,  having  probably  descended 
into  the  scrotum  with  this  gland.  A  very  remarkable  case  of  this  kind  once 
occurred  at  University  College  Hospital  under  the  care  of  Marshall.  Th  \ 
have  also  been  found  in  the  lung,  but  never,  I  believe,  in  connection  with  the 
extremities. 

{d.)  Congenital  Cysts  of  Doubtful  Origin. —A  class  of  congenital  cysts 
has  been  described  under  the  name  of  cystic  hygroma,  the  origin  of  which  is 
uncertain.  They  are  most  commonly  met  with  in  the  neck,  usually  in  front, 
but  are  also  found  in  the  subcutaneous  tissue  in  other  parts  of  the  body.  They 
form  also  one  variety  of  the  congenital  sacral  tumours.  They  are  composed  of 
a  number  of  thin-walled  cysts,  sometimes  completely  closed  and  sometimes 
communicating  ^ath  each  other ;  the  separate  cysts  are  held  together  by  areola)- 
tissue,  in  some  cases  containing  fat.  The  contents  are  clear  and  serous.  They 
often  attain  a  great  size  in  the  neck  and  sacral  region,  but  in  other  situations 
they  are  seldom  very  large.  The  walls  of  the  cysts  are  lined  in  some  cases  with 
an  endothelium  like  that  of  the  lymphatics,  and  these  have  been  supposed  to  be 
lymphatic  na;vi ;  that  is  to  say,  multilocular  cysts  formed  by  dilatation  of  the 
lymphatics.  If  theii-  size  permits  of  it,  they  can  be  removed;  other  modes  of 
treatment  have  not  proved  successful. 

(5.)  Parasitic  Cysts.— Cysts  occasionally  come  under  the  care  of  the 
Surgeon  which  owe  their  origin  to  the  presence  of  a  parasite.    The  most 
common  of  these  is  that  known  as  the  hydatid  cyst,  which,  although  some- 
what rare  in  this  country,  is  extremely  common  in  AustraUa.    The  parasite  is 
met  with  in  its  fully  developed  state  only  in  the  wolf  and  dog.    It  is  a  small 
tapeworm,  the  tsnia  echinococcus,  consisting  of  four  segments,  the  last  of 
which  is  the  largest,  and  contains  the  ova.    The  whole  worm  only  measures 
about  I  inch  in  length.    On  entering  the  human  intestine,  the  small  embryo 
contained  in  the  egg  is  set  free,  and  by  means  of  a  boring  apparatus  with 
which  it  is  provided,  penetrates  the  wall  of  the  gut.    It  is  then  carried  by  the 
blood-stream  to  some  distant  part,  in  which  it  lodges,  and  is  transforaied  into 
a  cyst  or  hydatid.    The  hydatid  cyst  is  composed  of  an  outer  cuticular  layer 
and  an  inner  lining  composed  of  cells,  and  muscular  fibres  and  a  water 
vascular  system.    The  contents  of  the  cyst  consist  of  a  clear  fluid  of  very  low 
specific  gravity,  usually  not  over  1007,  and  containing  either  no  albumen  or 
the  faintest  possible  trace,  with  a  considerable  quantity  of  sodium  chloride. 
The  cyst-wall  to  the  naked  eye  appears  as  a  delicate,  semi-transparent,  elastic 
membrane  not  unlike  the  white  of  a  hard-boiled  plover's  egg.    It  is  seldom 
more  than  one-eighth  of  an  inch  in  thickness,  and  can  be  seen  by  the  naked 
eye  to  be  laminated,  and  a  still  finer  lamination  is  recognized  under  the 
microscope.    On  the  inner  surface  of  this  membrane  the  tajnia  heads  arc 
formed  by  a  development  from  the  living  tissue  lining  the  cyst.  The  head  is  a 
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small  aucl  round  dot,  just  recognisable  to  the  naked  eye,  and  about  -5-^-0  inch 
m  diameter.    It  is  provided  with  four  suckers  and  a  ring  of  booklets,  which 
are  generally  seen  I'etracted  into  the  middle  of  the  head.    If  the  hydatid 
perishes,  these  heads  break  up,  but  the  booklets  being  indestructible, 
can  usually  be  detected  in  the  fluid.    The  cyst  may  be  single,  but  very 
commonly  "  daughter-cysts  "  are  formed  from  the  wall  of  the  parent  cyst,  and 
become  free  in  the  cavity.    The  parasite  is  not  capable  of  further  development 
in  man,  and  it  is  only  by  a  migration  in  some  way  again  to  the  dog  or  wolf 
that  it  can  reach  the  stage  of  the  fully  developed  tgenia.    The  size  bo  which 
the  cyst  may  attain  is  sometimes  enormous,  as  much  as  five  pints  of  fluid 
having  often  been  removed.    The  irritation  set  up  by  the  cyst  causes  a 
development  of  fibroid  tissue  in  the  structures  surrounding  it,  which  usually 
assumes  the  form  of  a  tolerably  distinct  membrane  or  pseudo-cyst.    This  is  of 
course  continuous  with  the  tissues  in  which  the  cyst  is  lying,  and  cannot  be 
removed.    The  cyst  belonging  to  the  parasite  itself  is  usually  loosely  attached, 
and  can  be  peeled  off  without  difficulty.    Hydatid  cysts  are  found  in  almost 
all  parts  of  the  body.    They  are  most  common  in  the  liver,  and  occur  in  other 
organs  in  the  following  order  of  fi-equency : — lungs,  muscles  and  subcutaneous 
tissue,  kidneys,  pelvis,  nervous  centres,  bones  and  breast.    The  parasite  not 
uncommonly  perishes.    When  this  occurs,  the  pseudo-cyst  surrounding  it  may 
liecome  calcified,  and  the  cyst  itself  seems  to  break  up  in  the  fluid.    In  this 
vay  all  danger  is  removed,  but  the  tumour  remains.    In  other  cases  suppu- 
l  ation  takes  place  round  the  hydatid.    The  migrating  cells  penetrate  the  wall 
<  if  the  parasite,  and  the  whole  cavity  becomes  filled  with  a  thin  purulent  fluid. 
The  cyst-wall  often  becomes  loosened  and  partially  disintegrated.    Finally  the 
ibscess  may  possibly  burst  superficially,  and  the  whole  cyst  be  discharged.  A 
ew  years  ago  I  opened  a  very  large  abscess  in  the  adductor  region  of  a  young 
■  voman's  thigh,  and  gave  exit  to  nearly  a  pint  of  pus,  in  which  dozens  of  small 
lydatid  cysts  about  the  size  of  gooseberries  were  floating.    The  diagnosis  of 
these  cysts  when  seated  in  the  subcutaneous  or  muscular  tissues  cannot  be 
made  with  certainty,  except  by  withdrawing  some  of  the  fluid  with  the  aspirator, 
md  submitting  it  to  microscopic  and  chemical  examination.    If  it  be  of  low 
specific  gravity  and  free  from  albumen,  it  is  almost  certain  to  have  come  fi'om 
a  true  hydatid  cyst,  and  if  booklets  are  found  no  doubt  remains.    The  Treat- 
ment of  these  cysts  when  they  are  seated  in  an  external  part,  such  as  a  limb, 
is  complete  removal  of  the  parasite  by  a  free  incision.    A  few  years  ago  I 
-successfully  removed  a  hydatid  cyst  of  the  size  of  a  fist  from  the  muscles  at 
he  back  of  the  neck  of  a  young  man.    In  internal  organs  aspiration  is  the 
•est  treatment,  and  is  said  to  cure  about  half  the  cases  operated  on.    In  spite 
'if  all  possible  antiseptic  precautions,  aspiration  is  not  uncommonly  followed 
l)y  suppuration.    If  this  occurs,  or  if  the  aspiration  fails  to  cure,  the  only 
efficient  treatment  is  to  open  the  cavity,  to  attach  the  walls  of  the  pseudo-cyst 
10  the  skin  when  possible,  and  to  insert  a  drainage-tube.    The  parasitic  cyst 
may  sometimes  be  removed  from  the  cavity,  but  more  often  this  is  impossible 
owing  to  the  softness  of  its  walls,  and  the  small  size  of  the  opening  that  can 
lie  made.    The  operation  should  be  performed  with  the  strictest  antiseptic 
! irecautions,  otherwise  septic  inflammation  of  a  most  fatal  character  is  apt  to 
tollow.    The  dead  parasite  and  the  watery  fluid  contained  in  the  cyst  together 
ire  highly  putrescible,  and  owing  to  the  size  of  the  cavity  septic  poisoning  is 
\  ery  likely  to  occur,  especially  if  the  drainage  is  imperfect. 
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II.- TUMOURS    COMPOSED    OP    ONE    OF    THE    MODIFICATIONS    OP  FULLY 
DEVELOPED    CONNECTIVE  TISSUE. 

The  structures  included  under  the  term  "  connective  tissue  and  its  modifica- 
tions," are  fat,  fibrous  and  areolar  tissue,  cartikf^e,  Ijone,  and  mucous  tissue. 
The  tumours  composed  of  any  of  these  tissues  in  a  state  of  perfect  development 
are  almost  uniformly  benign.  Occasionally  a  cartilaginous  tumour  assumes 
a  malignant  form,  but  it  will  then  be  found  that,  instead  of  being  covered  by 
a  firm  fibrous  membrane  at  the  margin  of  the  growth,  there  is  a  zone  of  em- 
bryonic tissue  which  is  infiltrating  the  suiTounding  parts  on  one  side  and 
becoming  developed  into  cartilage  on  the  other,  in  fact,  that  the  tumour  is 
not  a  chondroma  but  a  chondrifying  sarcoma.  It  is  from  this  tissue,  probably, 
that  the  system  becomes  infected,  and  not  from  the  fully  developed  cartilage. 
In  the  same  way,  tumours  which  to  the  naked  eye  seemed  to  be  composed  of 
bone  may  assume  all  the  characters  of  malignancy  ;  but  on  microscopic  exami- 
nation it  will  be  found  that  they  do  not  grow  as  normal  bone  does,  either  from 
a  fibrous  membrane  (periosteum)  or  from  cartilage,  but  are  in  fact  ossifying 
sarcomata.  These  will  be  described  amongst  the  sarcomata.  Again,  there  is  i 
no  absolute  boundary  between  sarcoma  and  fibroma.  Many  tumours  composed 
almost  entirely  of  spindle-ceUs  contain  a  large  proportion  of  fibrous  tissue 
between  the  cells.  If  the  fibres  very  much  exceed  the  cells,  the  growth  would 
be  called  a  fibroma ;  if  the  reverse  a  sarcoma ;  and  one  between  the  two  is 
often  spoken  of  as  a  fibro-sarcoma.  As  a  broad  nile,  it  may  be  said  that  the 
benignancy  of  the  growth  will  be  in  proportion  to  the  perfection  of  the  deve-  • 
lopment  of  the  tissue  of  which  it  is  composed. 

a.  Patty  Tumour  or  Iiipoma. — These  tumours  occur  in  any  part  of  the  ! 
subcutaneous  tissue,  and  at  all  ages,  though  they  are  most  commonly  met  with  i 
about  the  earlier  periods  of  middle  life.    In  the  majority  of  cases  they  appear 
to  originate  without  any  evident  cause  ;  in  other  instances  they  can  be  dis-  • 
tiuctly  traced  to  pressure  or  to  some  local  irritation,  as  to  that  of  braces  or 
shoulder-straps  over  the  back  and  shoulders.    In  one  case  I  have  known  the 
disease  to  be  hereditarily  transmitted  to  the  members  of  three  generations  of  a 
family. 

Fatty  growths  occur  under  two  forms,  one  difi'used,  the  other  circum- 
scribed ;  it  is  the  latter  variety  only  that  is  termed  the  Adipose  or  Fatty 
Tumour.  The  diffused  form  of  fatty  deposition  occurs  in  masses  about  the 
chin  or  nates  and  may  occasion  much  disfigurement.  This  form  was  described 
by  Brodie  under  the  name  of  "  fatty  outgrowth." 

Fatty  tumours  may  form  in  all  paits  of  the  body  as  soft,  painless,  inelastic  i 
doughy  swellings,  usually  giving  rise  on  manipulation  to  a  feeling  closely  re- 
sembling fluctuation.  They  grow  very  slowly,  and  are  commonly  oval  or  round  ) 
in  foi-m,  but  frequently  lobulated  to  a  most  extraordinary  degi-ee.    They  occui'  . 
most  frequently  in  the  subcutaneous  fat  about  the  neck  and  shoulders,  and  are 
occasionally  met  with  between  muscles,  in  the  ueighboui-linod  of  joints  and  of  ' 
serous  membranes  and  of  mucous  canals,  sometimes  in  very  unusual  situations,  • 
where  such  growths  would  scarcely  be  looked  for.   Thus  I  removed  some  time  i 
since  a  lipoma  three  inches  in  length,  and  as  thick  as  the  thumb,  from  under  : 
the  annular  ligament  and  the  palmar  fascia  of  a  young  woman.    A  very 
curious  circumstance  connected  with  tliese  tumours  is  that  they  occasionally 
shift  their  seat,  slowly  gliding  for  some  di.'^tance  from  the  original  spot  on 
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■which  they  gi-ew  ;  thus,  Paget  relates  cases  in  which  fatty  tumours  shifted 
their  position  from  the  groin  to  the  perinasum  or  the  thigh.  I  have  known 
one  to  descend  from  the  shoulder  to  the  breast.  When  growing  superficially, 
they  sometimes  become  pedunculated.  They  may  attain  a  large  size,  but 
occasion  inconvenience  only  by  their  pressure  or  bulk  :  sometimes  they  appear 
in  great  numbers,  upwards  of  250  tumours  of  various  sizes  having  been  found, 
in  the  same  individual ;  and  C.  v.  J  jutzau  records  a  case  in  which  they  reached 
the  extraordinary  number  of  2,-f;)6.  They  rarely  ulcerate,  except  when,  having 
attained  a  great  size,  they  become  irritated  by  the  friction  of  the  clothes.  In 
these  cases  the  tumour  may  be  much  hardened  by  an  overgrowth  of  its  fibrous 
tissue.  Occasionally  patches  of  calcification  are  met  with.  The  calcareous 
matter  sometimes  forms  a  layer  hke  an  egg-shell,  enclosing  a  space  in  which 
the  fat  is  softened  and  apparently  saponified. 

The  typical  lipoma  is  simply  a  mass  of  fat,  usually  difiering  in  structui'e  in 
no  way  from  the  ordinary  subcutaneous  adipose  tissue  (  Fig.  SCio),  but  it  is  not 
uncommon  to  find  crystalline  deposits  of  the  fatty  acids  in  the  cells.    It  is 
enclosed  in  a  fine  thin  capsule  of 
<xreolar   tissue,  having  small  vessels 
ramifying  over  its  surface.    This  cap- 
sule is  adherent  to  the  surrounding- 
structures,  but  loosely  connected  with 
the  tumour  itself ;  so  that,  in  operat- 
ing for  the  removal  of  these  growths, 
it  is  important  thoroughly  to  open  the 
capsule  before  attempting  to  remove 
the  tumour. 

These  tumours,  which  present  the 
least  possible  deviation  from  the  normal 
structure  of  the  parts  in  which  they 
grow,  are  derived  from  the  connective 
tissue  by  an  increased  development  of 
fat.  They  present  occasionally  some 
minor  varieties  of  structm-e.  Thus  the 
fibrous  tissue  may  be  in  excess,  giving 
rise  to  the  so-called  "  fibrous  lipoma," 
or  the  tumour  may  be  permeated  by  some  of  the  rails  show  crystals  of  fatty  ikmcUs. 
numerous  dilated  vessels,  as  in  the 

"  erectile  lipoma  "  or  "  najvo-lijioma."  I^hese  conditions  are,  however,  rare. 
Occasionally  mucous  tissue  may  be  found  intermixed  with  the  adipose,  forming 
the  "  myxo-lipoma."    This  will  be  again  mentioned  under  myxoma. 

The  diagnosis  of  a  fatty  tumour  is  usually  easy.  It  is  not  adherent  to  the 
muscles  over  whicli  it  is  lying.  This  can  easily  be  ascertained  by  making  the 
patient  throw  the  muscles  into  contraction,  when  the  mohihty  of  the  tumour 
will  be  found  to  remain  unaltered.  It  is  more  easily  confounded  with  a  soft 
sarcoma  or  a  chronic  abscess.  The  sarcomata  usually  spring  from,  or  earlv 
become  adherent  to,  the  deep  fasciae  or  muscles.  On  pinching  up  the  skin  over 
a  fatty  tumour,  it  will  be  found  to  dimple  in  several  places,  although  it  is  quite 
freely  movable  over  the  growth.  This  sign  is  wanting  in  a  sarcoma  A 
fatty  tumour  is  distinguished  from  a  cyst  or  chronic  abscess  by  pressino-  on  its 
edge,  when  the  solid  tumour  will  ))e  felt  to  roll  away  from  under  the  fino'cr  • 


IOI2 


TUMOURS, 


in  a  collection  of  fluid,  the  finger  sinks  through  tlie  edge  without  the  sensation 
of  anything  slipping  away  from  beneath  it.  When  the  tumour  is  lobnlated^ 
there  can  be  little  doubt  as  to  its  nature.  If  any  doubt  should  remain,  it  may 
1)6  punctured  with  a  grooved  needle  or  a  fine  trocluir. 

In  the  Treatment  of  fatty  tumours  nothing  can  be  done  except  extirpation 
with  the  knife.  The  tumour,  being  encapsuled  and  but  loosely  adherent  to 
adjacent  parts,  readily  turns  out  if  the  ca})sule  be  fi-eeiy  opened.  The  opening 
of  the  capsule  is  recognised  by  the  appearance  of  the  smooth  shining  surface 
of  the  tumour  in  the  bottom  of  the  wound.  Great  care  must  be  taken  that 
none  of  the  lobules  frequently  found  in  these  tumours  are  left  behind,  2&  they 
would  certainly  serve  as  starting  points  for  new  growths.  The  wound  usually 
heals  by  first  intention. 

b.  FiTjroma:  Fibrous  or  Fibroid  Tumours,  Desmoid  Tumours,  Areolar 
and  Fibro-cellular  Tumours. — In  the  healthy  body,  fibrous  tissue  is  found 
either  dense  and  firm  as  in  tendons,  or  loose  and  filamentous  as  in  areolar 
tissue,  and  between  these  two  extremes  every  variety  of  density  is  observed. 
In  healthy  areolar  tissue  two  kinds  of  fibres  are  almost  invariably  present :  the 
white  fibrous  and  the  yellow  elastic  tissue.  In  tumours  composed  of  fibrous 
tissue,  similar  variations  in  density  are  met  with.  Thus  we  have  fibrous 
tumom-s  as  dense  in  structure  as  ligaments,  and  others  as  loose  as  areolar 
tissue,  but  in  all  it  is  extremely  uncommon  to  find  any  yellow  elastic  fibres. 
Fibrous  tissue  enters  very  largely  into  the  composition  of  many  tumours- 
besides  the  true  fibromata.  Thus  the  stroma  of  almost  all  cancers  is  composed 
of  fibrous  tissue,  the  intercellular  substance  of  a  sarcoma  may  be  abundantly 
fibrous,  and  in  a  lipoma  the  lobules  of  fat  are  boimd  together  by  areolar  tissue.. 
The  term  fibroma  is,  however,  appUed  only  to  those  tumours  in  which  fibrous: 
or  areolar  tissue  forms  by  far  the  most  abundant  constituent,  and  in  which  all 
the  cells  are  of  the  type  of  connective-tissue-corpuscles,  and  uniformly  distri- 
buted amongst  the  fibres.  As  before  stated,  no  shaiiD  line  can  be  drawn 
between  fibroma  and  sarcoma,  and  the  term  fibro-sarcoma  is  frequently 
appHed  to  those  tumours  in  the  border-land  between  the  two.  Fibromata- 
may  be  divided  into  two  chief  classes  :— 1.  Soft  fibromata,  areolar  tumours,, 
and  fibro-cellular  tumours  ;  2.  Firm  fibromata,  desmoid  tumours,  and  fibroid 
tumours. 

1.  Soft  Fibromata.— These  maybe  diffused  or  circumscribed  ;  in  sonu 
cases  they  are  distinctly  encapsuled.  The  diffused  variety  or  areolar  tumours 
are  little  more  than  a  simple  hyperplasia  of  the  subcutaneous  or  submucous 
areolar  tissue.  They  are  represented  by  pendulous  fleshy  growths,  formin- 
large  tumours,  commonly  called  Wens,  which  may  occur  on  any  part  of  thr 
surface.  They  are  smooth,  pedunculated,  firm  but  somewhat  doughy,  non- 
elastic,  pendulous,  and  movable,  slowly  increasing  without  pain  often  to  a  very 
gi-eat  size.  They  are  thinly  covered  with  skin,  bearing  abundant  pajnlte,  and 
sometimes  enlarged  sweat-glands  and  hair-follicles.  J.arge  vessels  may  ramify 
on  the  surface,  and  occasionally  the  skin  is  pigmented.  They  ai-e  sometimes 
cono-enital.  In  the  disease  known  as  moUuscum  fibrosum  these  tumoura 
form  ]iedunculated  masses  or  rolls,  hanging  from  the  skin  of  the  buttocks, 
thighs,  and  other  parts  of  the  body,  and  may  attain  such  a  size  as  seriously  ta 
inconvenience  the  patient  by  their  weight.  These  masses  arc  composed 
merely  of  connective  tissue,  sometimes  dry  and  tough,  sometimes  oederaatous.. 
They  contain  large  blood-vessels,  frequently  of  such  size  as  to  render  removal. 
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of  the  growth  a  most  hazardous  operation.  A  somewhat  similar  condition 
is  seen  in  the  disease  known  as  Elephantiasis  Arabiim,  in  which  the  skin 
;ind  areolar  tissue  of  the  affected  part  undergo  an  enormous  hypertrophy  ; 
liut  the  new  gi-owth  in  this  case  is  not  pedunculated,  and  is  moreover 
distinctly  connected  with  repeated  attacks  of  inflammation  of  the  lymphatic 
vessels  of  the  part.  It  is  in  warm  climates  and  in  the  Hindoo  and  negro  races 
rhat  this  disease  attains  its  greatest  development.  It  attacks  chiefly  the 
j,-enitals,  the  hypertrophy  aft'ecting  the  skin  and  areolar  tissue  of  the  scrotum 
and  penis  in  the  male,  or  of  the  labia  in  the  female,  and  forming  an 
•niormous  mass  fifty,  seventy,  or  even  a  hundred  pounds  in  weight.  The 
remarkable  enlargement  of  the  leg  occurring  in  the  Mauritius  and  some  parts 
if  the  West  Indies,  and  hence  termed  "  Barbadoes  leg,"  is  an  affection  of  this 
kind.  The  skin  in  these  cases  becomes  dark-coloured,  rough,  and  scaly,  like 
that  of  an  elephant,  whence  the  name  of 

ihe  disease.    It  should  perhaps  be  classed    r         "'^  | 
rather  with  diseases  of  the  lymphatic  system 
than  with  tumours  properly  so  called. 

In  the  Treatment  of  these  aff'ections, 
pressure  and  iodine  applications  may  be 
'  ried  in  the  earlier  stages,  with  the  view,  if 
possible,  of  checking  their  growth  ;  at  a 
later  period  they  must,  if  large,  be  removed 
l>y  operation,  though  this  procedure  is  at 
times  an  extremely  severe  one,  owing  to 
their  great  size. 

Tumours  of  the  circumscribed  variety, 
described  by  Paget  as  fibro-cellular,  are  not 
nf  common  occurrence  ;  and  when  met  with 
'hey  are  most  frequently  found  in  the 
scrotum,  the  labium,  the  deep  muscular 
interspaces  of  the  thigh  or  axilla,  and  on 
the  scalp,  in  which  situation  they  may  form 
large  masses,  attaining  sometimes  to  a  weight 
of  many  pounds.  When  seated  in  the  sub-  ^''"■"•^^Tumom- 
cutaneous  tissue  these  tumours  may  become 

pedunculated,  as  in  the  accompanying  figure  (366),  which  represents  a 
tumour  of  this  kind  which  I  removed  from  the  side  of  a  woman.  I  have 
removed  one  weighing  nearly  four  pounds  from  the  axilla  of  a  woman, 
where  it  lay  between  the  serratus  magnus  and  the  ribs,  forming  a  tumour  of 
great  size.  When  they  occur  about  the  scrotum  and  labium,  these  tumours 
must  not  be  confounded  with  elephantiasis  of  these  parts,  from  which  they 
may  be  distinguished  by  being  limited  and  circumscribed  masses,  and  no't 
mere  outgrowths.  Paget  observes  that,  when  occurring  about  the  genital 
organs,  they  are  found  in  young  women  and  in  old  men.  They  occur  only 
in  adults  who  otherwise  are  in  good  health,  and  grow  quickly,  forming 
Boft,  elastic,  rounded,  and  smooth  tumours  ;  they  are  not  attended  by  any 
pain.  After  removal  they  arc  found  to  possess  a  thin  capsule,  to  be  of  a 
yellowish  colour,  and  to  contain  a  large  quantity  of  infiltrated  serous  fluid, 
which  may  be  squeezed  out  abundantly,  and  coagulates  on  standing.  This 
fluid  may  be  so  abundant  as  t(j  give  rise  to  distinct  fluctuation.    Thus,  a 
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few  yciars'ago,  I  removed  ii  .soft  fihroina  from  amongst  the  short  muscles  of 
the  thumb,  which  liad  been  pre\-ioiisly  treated  niisuccessfully  by  puncture, 
under  the  impression  tliat  it  was  cystic  in  nature. 

Under  tlie  microscope  these  tumours  display  a  beautifully  delicate  network 
of  white  fibrous  tissue,  arranged  in  undulating  hlaments  and  fibrous  bands,  in 
the  midst  of  which  stellate,  spindle-shaped,  oval  or  round  cells  are  found. 
These  cells  are  similar  to  those  normally  found  in  fully  developed  or  growing- 
fibrous  tissue.  They  vary  in  abundance,  but  never  exceed  the  fibrous  tissue  in 
amomit.  The  cells  are  rendered  more  apparent  by  the  addition  of  acetic  acid. 
These  tumours  sometimes  appear  to  grow  rapidly,  when,  in  reality,  the  increase 
in  size  is  due  to  a  rapid  increase  of  the  fluid,  and  not  to  a  new  deposit  of  a 
solid  character  in  the  tumour.  As  these  tumours  are  perfectly  innocent,  no 
hesitation  need  be  entertained  about  their  removal. 

2.  Firm  Fibromata — Fibroid  or  Desmoid  Tumours. — These  tumours 


I'Mgs.  .SOT,  o6S. — Finn  (ibioiimta  (188  diani.).  Fij,'.  3()7,  from  a  small  Fibroma  of  tlie  forehead,  sh(>w.s  the 
circular  arrangement  of  the  fibres.  Fig.  BtiS,  from  a  naso-pliaryngeal  ])oly]nis,  resembles  ordinary  fibrous 
tissue. 

are  met  w  ith  in  various  situations,  the  most  common  of  which  are  the  bones^ 
and  ])eriosteum,  the  mamma,  the  subcutaneous  connective  tissue,  and  in 
connection  with  nerves.    In  the  uterus,  "  fibroid  "  tumours  are  exceedingly 
common,  but  in  this  situation  they  contain  not  only  fibrous  tissue,  but  also  a 
variable  amount  of  non-striated  muscular  fibre.    Amongst  the  best  known 
examples  of  firm  fibromata  may  be  enumerated,  the  simple  or  fibrous  epulis,  j 
the  fibrous  tumours  of  the  antrum  or  lower  jaw,  the  fibrous  polypus  of  the  j 
nose,  the  ordinary  or  false  neuroma,  and  the  painful  subcutaneous  tubercle,  i 
Filirous  tumours  are  seen  also  in  the  neck,  especially  in  the  parotid  region,  i 
Tn  shape  these  tumours  are  irregularly  o\?l\  or  rounded ;  they  are  smooth,  i 

ainless,  and,  except  when  growing  from  bone,  freely  movable  ;  they  increase 
.slowly,  but  may  attain  an  enormous  size,  equal  to  that  of  a  cocoa-nut  or 
water-melon.    liiston  removed  one  from  the  neck,  which  is  at  present  in  the  i 
Museum  of  the  College  of  Surgeons,  that  weighed  twelve  pounds  ;  they  have, 
however,  been  found  weighing  as  much  as  seventy  pounds.    They  are  almost  I 
invariably  single  ;  they  are  excessively  firm  and  hard,  but  yield  slightly  on  i 
pressure,  in  tliis  differing  from  bony  tumours.    When  cut  into,  they  present  I 
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a  white  glistening  fibrous  structure,  often  showing,  to  the  naked  eye,  bundles 
of  interlacing  fibres.  Sometimes  the  fibres  show  ca  concentric  arrange- 
ment (Fig.  a(!7)  ;  an  appearance  which,  according  to  Billroth,  is  due  to  the 
fibrous  formation  taking  place  around  nerves  and  vessels.  On  microscopic 
examination,  pure  fibromata  are  found  to  be  composed  of  interlacing  bundles 
of  white  fibrous  tissue,  scattered  amongst  which  are  cells,  few  in  number, 
and  spindle-shaped,  stellate,  or  oval  in  form  (Fig.  368).  These  are  often 
rendered  apparent  only  by  the  addition  of  acetic  acid.  In  most  cases  the 
^■essels  are  not  abundant,  but  frequently  these  tumours  can  be  shown  by 
injection  to  be  very  vascular.  Sometimes  coarse  cavernous  spaces  may  be 
found.  The  vessels  are  intimately  adherent  to  the  fibrous  structure  of  the 
tnmour,  and  consequently,  being  unable  to  contract  or  retract,  they  pour  out 
enormous  quantities  of  blood  if  opened  by  wound  or  ulceration.  This  is 
especially  the  case  in  those  fibrous  tumours  which  grow  from  the  bones  of  the 
head  or  face,  as  in  the  fibrous  polypi  growing  from  the  body  of  the  sphenoid 
bone.  Haemorrhage  is  moreover  often  a  marked  symptom  of  fibroid  tumours 
of  the  uterus. 

Fibromata  form  most  commonly  about  middle  life,  and  may  remain 
stationary  for  years,  and  this  is  the  condition  in  which  they  are  often  pre- 
sented to  the  Surgeon.  They  may,  however,  suffer  various  changes. 
They  may  undergo  disintegration,  becoming  oedematous,  and  softening  in  the 
centre,  or  at  various  points  of  the  circumference  ;  they  then  break  doAvn  into 
a  semi-fluid  mass,  the  integuments  covering  them  inflame  and  slough,  and 
unhe.'ilthy  pus,  mixed  with  disorganized  portions  of  the  tumour,  is  pom'ed 
out,  leaving  a.  large  and  sloughy  chasm,  from  which  fungating  growths  may 
sprout,  readily  bleeding  on  the  slightest  touch,  and  giving  the  sore  a  malig- 
nant appearance  ;  the  patient  eventually  falling  into  a  cachectic  condition, 
and  becoming  exhausted  by  the  hemorrhage  and  discharge.  In  other  cases 
these  tumours  may  calcify,  or  more  rarely  undergo  true  ossification.  In  rare 
cases  the  central  parts  may  undergo  a  process  of  softening,  so  as  to  form 
large  cysts  containing  fluid  of  various  shades  of  colour.  Paget  relates  the 
case  of  a  very  large  cyst  of  this  kind  formed  by  the  hollowing  out  of  a  fibroid 
tumour  of  the  uterus,  which  was  tapped  by  mistake  for  ovarian  dropsy. 

Some  of  the  forms  of  fibroma  require  further  mention  here,  though  they 
will  be  again  mentioned  under  the  diseases  of  the  organs  in  which  they  occur. 

Fibromata  of  Bone.-- -These  may  grow  from  the  centre  of  the  bone,  as  is 
not  unfrequently  seen  in  the  lower  jaw,  or  from  beneath  the  periosteum.  The 
diagnosis  between  these  latter  and  the  firmer  varieties  of  sarcoma  can  be  made 
only  after  removal.  Virchow  lays  great  stress  upon  the  fact  that  periosteal 
fibromata  do  not  penetrate  into  the  structure  of  the  bone,  or  show  any  ten- 
dency to  infiltrate  the  surrounding  soft  parts,  while  the  reverse  is  the  case  with- 
the  sarcomata. 

Fibromata  of  Nerves. — These  arc  commonly  spoken  of  as  neuromata, 
although  this  term  would  be  more  properly  limited  to  those  tumours  in  which 
newly  formed  nerve-filaments  are  found.  They  form  rounded  tumours,  over 
which  the  fibres  of  the  nerve  are  stretched  ;  they  are  frequently  multiple, 
sometimes  extremely  numei'ous,  very  hard  and  dense,  and  almost  invariably 
painless,  and  not  attecting  the  function  of  the  nerve  upon  which  they  grow. 
They  ai-e  more  movable  in  a  direction  transverse  to  the  course  of  the  nerve 
upon  which  they  are  seated  than  in  any  other,  when  the  limb  is  put  in  such  a'' 


TUMOUJiS. 

position  as  to  tighten  the  nerve  ;  a  symptom  whicli  is  of  some  importance  in 
their  diagnosis. 

Painfixl  Subcutaneous  Tubercle  is  a  pecuhar  form  of  fibroma,  found 
beneath  the  skin,  usually  of  one  of  the  extremities,  but  very  rarely  of  the  trunk. 
It  IS  seldom  more  than  half  an  inch  in  diameter,  and  is  so  small  as  scarcely  to 
cause  a  prominence  on  the  surface,  yet  it  gives  rise  to  pain  of  the  most  intense 
and  agonizing  character,  usually  caUed  forth  by  some  slight  touch  or  pressure 
and  then  lasting  perliaps  for  an  hour  or  more.    These  tumours  are  not  neuro- 
mata ;  at  any  rate,  no  connection  has  as  yet  been  traced  between  them  and 
uerve-filaments.    They  are  by  far  more  fref[Uont  in  females  than  in  males. 
Fibromata  of  Glands  are  rare,  being  almost  confined  to  the  mamma 
Fibroid  Tumour  of  the  Uterus.— These  tumours,  as  before  stated,  are 
not  pure  fibromata.  In  addition  to  the  fibrous  tissue,  such  as  is  found  in  pure 
fibromata,  they  present  numerous  long  spindle-shaped  cells,  which  were  shown 
by  Yirchow  to  be  involuntary  muscular  fibre-cells,  and  consequently  these 
tumours  are  classed  by  many  wi-iters  under  "  myomata"  or  "  myo-fibromata." 
In  the  tumours  of  old  women  these  muscle-cells  fi-equently  undergo  atrophy, 
and  the  tumour  then  presents  the  appearance  of  a  pure  fibroma.  Fibroid 
tumours  of  the  uterus  project  either  into  the  cavity  of  the  organ,  forming 
uterme  polypi,  or  into  the  cavity  of  the  pelvis.    They  are  liable  to  softening 
and  ulceration,  accompanied  by  much  hfemoiThage  when  they  assume  the  poly° 
poid  form.    Under  any  circumstances  they  frequently  calcify,  and  occasionally, 
as  above  stated,  soften,  forming  enormous  cysts.  Somewhat  analogous  tumours 
are  found  in  the  prostate  gland  in  the  male. 

The  Treatment  of  fibromata  is  in  some  cases  merely  palliative  ;  but  when 
they  are  so  situated  as  to  admit  of  removal,  as  in  the  neck,  lower  jaw. 
antrum,  mamma,  or  subcutaneous  tissue,  they  should  always  be  extirpated. 

Tumours  closely  resembling  fibromata  in  naked-eye  appearance  and  in  con- 
sistence, have  been  known  to  recur  after  removals  with  much  tendency  to 
ulceration,  sloughing,  and  hemorrhage.  They  may  even  give  rise  to  secondary 
deposits  in  internal  organs.  These  tumours  will  always  be  found  on  micro- 
scopic examination  to  present  the  signs  of  one  of  the  forms  of  sarcoma  to  be 
described  hereafter.    Pure  fibromata  are  invariably  benign. 

c.  Enchondroma  —  Chondroma  —  Cartilaginous  Tumours.— These 
tumours  form  an  exceedingly  interesting  group,  being  of  comparatively 
frequent  occurrence,  and  sometimes  assuming  a  large  size. 

In  structure,  a  chondroma  closely  resembles  normal  hyaline  cartilage 
(Fig.  .369).  The  cells  vary  much  in  size  and  shape.  In  the  most  typical  form 
they  are  large  (ji^  to  inch),  round,  oval,  or  polygonal  in  shape,  contain  a 
single  large  nucleus  and  nucleolus,  and  are  sometimes  enclosed  in  a  capsule  as 
in  normal  cartilage.  Occasionally  the  cells  are  found  to  be  irregular  in  shape 
and  branched,  the  processes  of  one  cell  communicating  Avith  those  of  another,  as 
in  a  myxoma.  This  form  resembles  the  cai-tilage  normally  found  only  in  the 
cuttle-fish.  The  matrix  may  be  hyaline,  as  in  normal  foetal  or  articular  car- 
tilage, or  may  contain  a  few  fibres.  It  varies  much  in  density,  occasionally  being 
80  soft  as  to  give  the  tumour  a  false  feeling  of  fluctuation.  This  softness  is 
usually  found  in  the  more  rapidly  growing  A-arieties.  The  tumour  may  consist 
of  a  single  mass  of  cartilage,  or  may  be  composed  of  innumerable  lobules, 
bound  together  by  vascular  bands  of  fibrous  tissue.  It  is  this  vascularity  that 
often  forms  the  most  striking  difference  between  normal  cartilage  and  enchon- 
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<lroma.  Its  surface  may  be  covered  by  a  distinct  fibrous  layer,  sharply  limiting 
it  from  the  surrounding  tissues,  or  the  mass  of  cartilage  may  be  surrounded 
by  a  vascular  zone  of  embryonic  tissue,  sometimes  composed  of  round,  and 
sometimes  of  spindle-shaped  cells,  which  may  infiltrate  and  invade  the  sur- 
rounding structures.  It  is  this  A^ariety,  which  is  more  properly  classed  as  a 
chondro-sarcoma,  that  assumes  the  characters  of  malignancy.  Enchondromata 
are  liable  to  various  secondary  changes.  Thus  they  may  undergo  true  ossifi- 
cation. The  ordinary  pedunculated  or  spongy  exostosis  is  usually  found  to  be 
covered  with  a  thick  layer  of  cartilage,  so  that  it  might  be  spoken  of  as  an 
ossifying  chondroma.  Calcification  is  a  far  more  common  change  than  true 
ossification  (Fig.  369).  Not  unfrequently  mucous  softening  takes  place  in 
the  matrix.    The  cells  in  this  condition  float  free  in  the  fluid,  and  undergo 


Fig.  3G9.— Eiichondroma  (ISS  diam.).  Froui  a  .small  tumour  near,  but  distinct  from,  an  ossifying 
vnchondroma  of  the  femur,  shows  the  variety  in  shape  of  the  cells  and  capsuios.  At  the  lower  part 
caloiUcation  is  taking  place  involving  first  the  matrix  and  tlien  the  cells.  Fig.  870.— From  an  enchondroma 
of  the  finger  ;  matrix  faintly  flbrillated. 

degeneration,  becoming  filled  with  large  globules  of  fat.  This  mucous  softening 
may  be  so  extensive  as  to  give  the  once  solid  tumour  the  appearance  of  a  thick- 
walled  cyst.  In  a  case  of  a  very  large  enchondroma  of  the  ribs  under  my 
care  a  few  years  ago,  I  was  enabled  to  make  the  diagnosis  by  microscopic  ex- 
amination of  a  small  quantity  of  such  fluid,  removed  by  means  of  the  aspirator. 
Cartilage  may  be  found  also  mixed  in  one  tumour  with  other  structures.  Thus 
the  cartilaginous  tumours  of  the  parotid  region  are  seldom,  if  ever,  pure,  but 
contain  mingled  together  the  structures  of  myxoma,  adenoma,  and  enchon- 
droma. Enchondroma  and  sarcoma  are  not  unfrequently  found  combined. 
Encephaloid  cancer  and  enchondroma  are  said  to  have  been  found  combined  in 
the  testis. 

Cartilaginous  tumours  when  composed  of  pure  cartilage  are  always  benign  ; 
when  mixed  with  embryonic  tissue,  as  in  the  chondro-sarcoma,  they  frequently 
run  a  malignant  course.  The  simple  chondroma  occurs  as  a  hard  or  slightly 
elastic  tumour,  ovoid  or  round  in  form,  sometimes  smooth  on  the  surface  but 
more  often  lobulated,  of  small  or  moderate  size,  seldom  exceeding  that  of 
an  orange,  and  growing  slowly  without  pain.  The  chondro-sarcoma  grows 
rapidly,  often  attaining  an  enormous  size  in  'a  few  months,  and  giving  rise  to 
secondary  growths  in  internal  organs. 
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Wlien  eartiluginous  tumours  afctain  a  larj^c  size  and  Koften  as  al)ove  de- 
scribed, the  skin  covorinf^'  tlioin  may  become  duskily  inflamed,  evoutuallv 
slough,  and  form  fistulous  openinj^s,  through  which  a  thin,  jelly-like  matter  iV 
discharged. 

LoccdiUj. — Most  frequently  chondroma  occurs  in  connection  with  some 
bone.  It  is  most  commonly  seen  in  the  metacarpus  and  phalanges  of  the 
fingers  (Figs.  371 ,  372).  It  is  rare,  in  this  situation,  to  find  only  one  bone  or 
phalanx  affected  ;  the  tumours  ai'e  almost  invariably  multiple.  They  form  hard 
or  elastic  rounded  knobs,  seldom  larger  than  a  walnut  or  a  pigeon's  egg. 
Large  chondromata  are  most  commonly  met  with  in  or  upon  the  head  of  tlie 
tibia  or  the  condyles  of  the  femur,  forming  in  these  situations  rapidly  increasing 
growths  of  considerable  magnitude.  Chondromata  are  found  also  on  the  ribs 
and  the  bones  of  the  pelvis,  in  the  intermuscular  spaces  of  the  neck,  thigh,  and 


Fig.  371.— Large  Eiiclioiuli  cinui  of  Index  Fiiig<  i-.  Fig.  372.— Oi  illiiary  Enchondromu  of  Finger. 


leg,  in  connection  with  the  sheaths  of  tendons,  and  occasionally  in  glands  ;  but 
in  this  last  situation  they  are  seldom,  if  ever,  pure,  being  mixed  with  myxoma, 
adenoma,  or  sarcoma,  and  when  in  the  testicle,  occasionally  with  carcinoma.  It 
is  a  curious  fact,  that  chondromata  never  arise  in  connection  with  pre-existing 
cartilage.  "When  connected  with  the  bones,  chondroma  may  spring  from  the 
periosteum,  gradually  enveloping,  absorbing,  and  eventually  destroying  the 
osseous  structures,  though  at  first  not  incoi-porated  with  them.  It  has  then 
been  distinguished  as  "perichondroma."  This  is  its  usual  mode  of  origin 
when  occurring  in  the  femur  or  tibia  ;  but  when  seated  on  the  short  bone.':, 
especially  on  the  metacarpus  and  phalanges,  it  commonly  spriugs  from  the 
raedidlary  canal,  which  becomes  exjiauded  by  gradual  absorption  of  the  com- 
pact tissue,  with  a  constant  growth  of  new  bone  beneath  the  periosteum. 
Thus  the  tumour  remains  long  covered  by  a  thin  shell  of  bone.  Finally 
the  growth  perforates  its  bony  covering  at  one  side,  and  then  advances  more 
rapidly  in  that  direction.  These  tumours  occur  in  childhood  or  young  adult 
life.  Tiiey  never  assume  a  malignant  form,  nor  do  they  ossify.  Calcification 
ommon,  and  mucous  softening  occasionally,  but  rarely,  takes  place  in  their 
interior,  leading  to  ulceration  of  the  skin. 

The  Trealnimi  consists  either  in  excision  of  the  tumour,  or  in  amputation  of 
the  affected  part.  Excision  may  be  practised  when  the  tumour  is  seated  in  the 
parotid  region,  or  is  otherwise  unconnected  with  bone.  When  forming  part  of 
the  osseous  structures,  it  cannot  well  be  got  rid  of  without  the  removal  by_ 
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nmpufcation  of  the  bone  that  it  implicates.  When  it  occurs  in  the  hand, 
removal  of  the  affected  fingers  and  metacarpal  bones,  to  an  extent  proportioned 
to  the  amount  of  the  disease,  will  be  required  ;  but  it  should  be  remembered 
that  in  this  situation  encliondromata  are  always  perfectly  innocent,  and  con- 
sequently the  operation  should  not  be  performed  if  the  finger  be  useful  to  the- 
patient,  unless  he  is  willing  to  sacrifice  a  useful  finger  to  get  rid  of  an  unsightly 
deformity. 

In  Fig.  36  may  be  seen  the  kind  of  hand  left  after  operation  in  the  case- 
from  which  Fig.  371  was  taken.  If,  in  these  circumstances,  excision  of  the 
tumour  only  be  attempted,  it  will  be  found  that  the  whole  mass  cannot  be 
removed,  and  that  it  rapidly  grows  again  ;  or  that 
the  wound  formed  by  the  operation  remains  fistulout> 
and  open. 

Removal  of  a  pure  chondroma  is  followed  by  a 
permanent  cure.  The  mixed  cartilaginous  tumours, 
as  chondro-sarcoma  or  adeno-sarcoma,  sometimes 
return  after  removal,  both  locally  and  in  internal 
organs. 

cl.  Osteoma.    Exostosis.    Sony  Tumour. — 

In  order  to  render  the  review  of  the  different 
varieties  of  tumour  complete,  it  will  be  necessary 
briefly  to  mention  the  osteomata  in  this  place, 
though  their  clinical  characters  will  be  more  fully 
treated  of  in  the  chapter  on  the  Diseases  of  Bones. 
In  the  first  place,  it  is  uecessaiy  accurately  to 
distinguish  mere  calcification  from  the  formation 
of  true  bone.  The  former  is  extremely  common, 
the  latter  somewhat  rare.  Bone  appears  in  tumours 
under  four  chief  conditions:  Ist,  as  the  result  of 
the  ossification  of  a  fibroma  ;  2ud,  of  a  sarcoma  ; 
3rd,  of  a  chondroma ;  aud  -ith,  as  a  special  grow^th 
covered  by  a  firm  layer  of  periosteum.  Bone  has 
been  described  as  occurring  also  in  connection  with  carcinoma ;  but  this 
assertion  has  not  been  confirmed  since  the  separation  of  cancers  and  sar- 
comata. Only  the  last  two  forms  mentioned  above  are  properly  spoken  of  as. 
bony  tumours  or  exostoses.  They  differ  essentially  from  each  other  in  their 
seat  and  consistence,  as  well  as  in  their  mode  of  growth.  Those  developing 
from  cartilage  or  spongy  exostoses,  are  situated  almost  invariably  in  the  imme- 
diate neighbourhood  of  an  epiphysis,  and  rarely,  if  ever,  start  into  growth  after 
the  twenty -fourth  year  ;  those  developing  from  a  fibrous  periosteal  covering — 
ivory  exostoses— are  of  extreme  and  remarkable  density,  and  are  usually  seated 
on  flat  bones,  such  as  those  of  the  head,  face,  scapula,  and  pelvis.  Both  these- 
growths  closely  resemble  normal  bone  in  structure,  the  spongy  exostosis  exactly 
agreeing  with  the  cancellous  tissue  of  the  extremity  of  a  long  bone,  and  the 
ivory  or  hard  exostosis  corresponding  to  the  petrous  portion  of  the  temporal^ 
the  lower  jaw,  or  the  compact  tissue  of  a  long  bone.  Both  forms  are  invariably 
non-malignant. 

Spongy  Exostoses,  sometimes  called  pedunculated  or  cauhflowcr  exostoses, 
from  their  shape,  are  most  common  at  the  upper  end  of  the  humerus  and 
the  lower  end  of  the  femur,  and  on  the  ungual  phalanx  of  the  great  toe 
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a7;t. — Pedunculated  exos- 
t(jses  (natural  size). 

A.  From  femur  of  a  boy. 

B.  From  scapula  of  a  child  three- 

years  old. 
n.  Hyaline  cartilage. 

b.  Layer  of  imperfect  ossifica- 

tion. 

c.  Well-fomied  spongy  bone. 
(/.  Periosteum. 

The  drawing  illustrates  the  dif- 
ferent proportions  which  the  va-^ 
T'ious  constituents  of  the  tumom- 
may  bear  to  one  iiiiother. 
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(Fig.  ;573,  A).  If  observed  during  the  stage  of  growth,  they  are  foujid  to  be 
•covered  by  a  perfectly  developed  liyaline  cartilage,  which  apparently  grows 
from  the  perichondrium  covering  it,  and  quickly  undergoes  ossification  at  its 
deep  surfocS.  If  the  tumour  be  observed  when  all  growth  has  ceased,  it  will 
be  found  to  be  completely  bony,  being  composed  of  a  pedunculated  mass  of 
■cancellous  tissue,  thinly  covered  by  a  layer  of  compact  bone.  The  cancellous 
tissue  of  the  tumour  is  continuous  with  that  of  the  bone  upon  which  it  grows, 
the  compact  tissue  of  the  shaft  being  absorbed  beneath  the  base  of  the  tumour. 
Sometimes  these  tumours  are  hereditary  and  multiple.  They  scarcely  ever 
reach  a  great  size,  and  probably  cease  to  grow  if  they  become  completely 
■ossified. 

Ivory  Exostoses. — These  tumours  form  flat  rounded  elevations,  usually 
seated  on  the  bones  of  the  skull  or  face.  They  are  covered  by  a  fibrous 
membrane  and  are  of  intense  hardness.  Occasionally  they  are  multiple  and 
^Tow  to  a  considerable  size,  and.  when  seated  on  the  facial  bones  distort  the 


features  horribly,  and  at  last  after  years  of  suffering  possibly  cause  death  by 
pressure  on  the  brain. 

e.  Myxoma.  Mucous  Tumour. — These  tumours  are  classed  liy  some 
writers  under  sarcomata,  as  the  tissue  of  which  they  are  composed  closely 
resembles  the  rudimentary  fat  of  the  foetus.  In  the  adult,  the  vitreous  body 
of  the  eye  is  the  only  part  in  which  mucous  tissue  is  normally  found.  Many 
tumours  formerly  described  as  colloid  cancer  belong  pro]")erly  to  this  class. 
Myxomata  usually  form  round,  oval,  or  lobulated  masses,  distinctly  surrounded 
by  a  loose  capsule  of  connective  tissue.  They  arc  tense,  elastic,  and  gelatinous, 
frequently  giving  rise  to  a  feeling  of  fluctuation  so  distinct  as  to  lead  to  their 
being  mistaken  for  cysts.  They  are  usually  of  slow  growth.  On  section  they 
are  iound  to  be  of  a  delicate  pink  colour,  sometimes  stained  by  hEemorrhages, 
or  they  may  exhibit  a  uniform  yellowish  tint.  The  most  marked  peculiarity 
they  jircsent  on  section  is  in  the  fluid  which  flows  from  the  cut  surface.  This 
is  abundant,  glairy,  and  tenacious,  having  the  appearance  of  thick  gum-water. 
On  chemical  examination  it  is  found  to  contain  mucus;  microscopic  exaraina- 
iion  shows  (Fig.  874)  in  the  purest  forma  of  myxoma  a  beautiful  network 
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composed  of  large  stellate  or  branched  cells,  the  processes  of  which  freely  com- 
municate with  one  another.    These  cells  are  embedded  in  an  almost  homo- 

0-  eneons  intercellnlar  substance,  in  which  vessels  can  be  clearly  seen  to  ramify. 
Tt  is  seldom,  however,  that  this  structure  is  found  so  pure  as  this.  'In  addition 
to  the  stellate  cells,  numerous  small  round  cells  (Fig.  375)  are  usually  present, 
and  the  intercellular  substance  is  in  most  cases  traversed  by  delicate  bundles  of 
fibrous  tissue,  sometimes  containing  yellow  elastic  fibres.  The  stellate  cells 
may  be  smaller  in  some  cases  than  in  others.  The  peculiar  feature  of  the 
growth  is  the  mucous  intercellular  substance,  and  without  this  being  present 
no  tumour  should  be  called  a  myxoma.    Frequently,  tissue  agreeing  in  all; 

1-  espects  with  that  of  a  pure  myxoma  is  found  mixed  with  that  of  sarcoma,, 
enchondroma,  or  adenoma.  These  tumours  are  spoken  of  as  myxo-sarcomata,. 
myxo-chondromata,  &c.  Myxo-chondroma,  frequently  containing  portions  of 
adenoma,  forms  the  ordinary  parotid  tumour.  Occasionally  a  development  of 
true  fat-cells  may  take  place  in  the  central  parts  of  a  myxoma,  thus  indicating, 
as  Virchow  thinks,  the  relation  of  these  tumours  to  embryonic  fat.  A  few 
years  ago  I  saw  in  consultation  a  case  of  an  enormous  abdominal  tumour,  whicb 
proved  on  examination  after  death  to  be  a  pure  myxoma,  weighing  at  least  thirty 
pounds,  the  central  parts  of  which  contained  an  abundance  of  true  adipose 
tissue.  Such  tumours  as  these  have  been  spoken  of  as  myxo-lipomata.  I 
have  since  seen  a  similar  abdominal  tumour  in  a  young  man.  After  death  it 
was  found  to  be  composed  almost  entirely  of  pure  myxoma-tissue.  A  few 
small  nodules  of  spindle-celled  tissue  were  found  in  it,  but  no  fat.  Myxomata 
may  occur  in  any  pare  of  the  body.  When  superficial  they  often  assume  a 
polypoid  form,  as  in  the  ordinary  mucous  polypus  of  the  nose.  Myxo- 
mata  are  not  unfrequent  in  the  subcutaneous  cellular  tissue,  in  nerves 
they  form  one  variety  of  false  neuroma,  and  they  are  occasionally  met  with 
in  glands.  Myxomata  are  usually  non-malignani;,  but  occasionally  they  recur 
locally  after  removal.  If  left  untreated,  they  may  cause  death  by  ulceration 
of  the  skin  taking  place  over  them,  leading  to  the  sloughing  of  the  tumour 
with  profuse  haemorrhage  and  foul  discharge.  Occasionally  they  may  prove 
fatal  from  pressure  on  important  organs,  as  in  the  case  of  the  abdominal 
tumour  above  mentioned.  The  Treatment  consists  in  the  removal  of  the- 
growth  whenever  an  operation  is  possible. 

III.  TUMOURS  WHICH  RESEMBLE  IN  STRUCTURE,  MORE  OR  LESS  PERFECTLY, 
ONE  OF  THE  MORE  COMPLEX  TISSUES  OF  THE  BODY. 

A.  Myoma.  Muscular  Tumour. — These  tumours  are  of  two  classes  - 
those  containing  striated  muscular  fibre,  or  rhahdomyoma,  and  those  contain- 
ing non-striated  muscular  fibre,  or  leiomyoma.  Striated  muscular  fibre  has,  at 
present,  been  foimd  only  in  a  few  congenital  tumours,  chiefly  in  large  growths, 
in  or  near  the  kidney,  in  which  it  is  mixed  with  spindle-celled  sarcoma  and 
cysts  lined  with  epithelium.  Non-striated  muscular  fibre  is  found  in  abun- 
dance, as  before  mentioned,  in  the  so-called  fibroid  tumours  of  the  uterus  (see 
p.  1016),  and  of  the  prostate,  but  it  is  always  associated  with  large  quantities 
of  fibrous  tissue,  so  that  the  tumour  is  more  properly  spoken  of  as  a  myo- 
fibroma. The  older  tumours  are  found  to  be  composed  almost  entirely  of 
fibrous  tissue,  the  muscular  fibre-cells  having  undergone  atrophy.  Pure 
myomata  have,  in  very  rare  cases,  been  found  in  connection  with  the  oesophagus. 
Fagge  has  recorded  an  interesting  case  of  this,  whicli  was  accidentallv 
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■discovered  after  death,  at  (iuy's  Hospital.  It  fjave  rise  to  no  symptoms 
during  life,  although  the  tumour  was  a.s  large  as  a  good-sized  egg.  Myomata 
iire  always  non-malignant, 

B.  KTeuroma.  True  Neuroma.  Nervous  Tumour. — The tenniieuroma 
is  clinically  apjjlied  to  any  tumour  growing  on  a  nerx  e,  whether  it  ])e  a  fibroma, 
myxoma,  sarcoma,  or  true  neuroma.  The  term  should  strictly  be  limited  to 
those  tmuours  in  which  there  is  an  actual  new  growth  of  nervous  tissue. 
Tumours  containing  newly  formed  nervous  tissue  are  rare.  Neuromata  com- 
posed of  grey  matter  (non-medullated  fibres  and  ganglionic  tissue)  have  been 
described,  but  they  are  so  infinitely  rare,  that  they  need  no  further  mention 
here.  The  vast  majority  of  true  neuromata  are  composed  of  bundles  of 
medullated  or  white  nerve  fibres,  interlacing  with  each  other,  or  sometime- 
rolled  up  into  masses,  and  separated  by  connective  tissue,  more  or  less  rich  in 
small  cells.  True  neuromata  occur  only  in  connection  with  nerves.  The 
bulbous  extremities  of  nerves,  often  seen  in  stumps  after  amputation,  have 
been  shown  by  Valentin,  Lebert,  and  others,  to  be  specimens  of  true 
neuromata.  True  neuromata  occur  also  without  previous  injury  of  the  nerve. 
They  are  then  frequently  multiple.  They  cannot  be  diagnosed  ft-om  other 
firm  tumours  of  nerves.  They  are  sometimes  painful  and  tender,  and 
sometimes  not.  The  most  characteristic  sign  of  any  tumour  seated  on  a 
nerve  is,  that  when  the  nerve  upon  which  it  is  seated  is  put  on  the  stretcli 
by  the  position  of  the  part,  the  tumour  is  almost  inunovable  in  a  direction 
parallel  to  the  course  of  the  nerve,  while  it  is  more  or  less  freely  movable  in 
the  transverse  direction.  True  nem-omata  are  always  non-malignant,  and 
should  not  be  interfered  with  in  any  way  unless  they  give  rise  to  serious 
inconvenience  from  pain. 

A  peculiar  and  very  rare  form  of  tumour  has  been  described  under  the 
name  of  plexiform  neiuroma.  It  consists  of  a  group  of  small  nerves  the 
terminal  twigs  of  which  are  thickened  by  the  growth  of  new  fibrous  tissue, 
•convoluted  and  twisted  upon  one  another  and  bound  together  by  areolar 
tissue.  If  unravelled  the  separate  cords  present  a  varicose  nodular  appearance. 
According  to  Brans,  the  tumour  is  partly  composed  of  new  nerve  fibres. 
It  is  most  commonly  met  mth  in  the  face  and  neck,  and  may  be  congenital. 

C.  Angioma.  Vascular  Tumour. — Under  the  name  of  angiomata  are 
included  only  such  tumours  as  are  composed  of  vascular  tissue  of  new  growth, 
and  not  such  swellings  as  arise  fi'om  the  dilatation  of  pre-existing  vessels.  The 
so-called  cirsoid  aneurism,  or  aneurism  by  anastomosis,  being  supposed  to  be 
due  chiefly  to  a  dilatation  of  pre-existing  arteries,  although  doubtless  accom- 
panied by  some  new  formation  of  vessels,  is  not  usually  included  amongst 
angiomata,  nor  are  the  swellings  formed  by  convoluted  masses  of  varicose 
veins.  True  angiomata  are  usually  di\'ided  into  two  classes  : — the  plexiform 
angioma  or  Uldngieciasis,  and  the  ravmious  angmna.  The  pkxifon)i  angioma 
is  composed  of  a  mass  of  tortuous  and  dilated  caju'llaries  bound  together  by 
■connective  tissue  (Fig.  87G).  'I'he  blood-vessels  comprising  it  arc  normal  in 
•structure.  'J'his  forms  the  ordinary  sui)erhcial  na3vus,  mother's  mark,  or  port- 
wine  stain,  it  is,  probably,  always  congenital.  The  cavernous  angioma,  or 
erectile  tumour,  resembles  in  structure  the  cor|)us  cavernosum  penis,  lieing  made 
up  of  spaces,  communicating  freely  with  each  other.  'I'lie  walls  of  the  spaces 
arc  composed  of  fibrous  tissue,  and  are  lined  with  an  endothelium  resembling 
jthat  of  a  vein.    These  tumours  are  sometimes  distinctly  circumscribed,  and  en- 
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closed  iu  a  loose  capsule  of  connective  tissue  ;  in  other  cases  they  are  difiFuse. 
They  are  sometimes  congenital,  but  often  arise  in  young-  adult  hfc.  They  are 
most  common  in  the  subcutaneous  tissue,  but  have  also  been  met  with  in 
muscles,  and  in  the  liver,  spleen,  and  other  internal  organs.  The  mode  of 
origin  of  these  tumours  is  doubtful.  They  appear  sometimes  to  develop  as  a 
result  of  an  injury. 

The  symptoms  and  treatment  of  vascular  tumour  Avill  be  fully  described  in 

a  subsequent  chapter. 

D.  Lymphangioma.    Tumour  composed  of  Lymphatic  Vessels. — 

These  excessively  rare  tumours  are  composed  of  dilated  lymphatic  vessels 


Fig.  o7t'). — Na'vus  (ISSdiaiii.)  infiltra- 
ting fat.  Tho  shadeil  bands  reiJre- 
sent  vessels  out  of  focus,  the  ends 
of  some  of  them  being  shown  in 
transverse  section. 


Fig.  .'177. — (454  diani.)  Shows  the  endothelium 
apjiarently  almost  obstructing  tlio  lumen  of 
tlie  vessels  as  the  result  of  their  contraction. 


commimicating  Avith  each  other,  like  the  spaces  of  the  cavernous  angioma,  the 
cavities  containing  lymph  instead  of  blood.  Virchow  has  described  them  as 
occun-ing  congenitally  in  the  tongue,  forming  one  variety  of  hypertrophy  of 
that  organ  (macrogiossia).  They  are  said  to  have  been  seen  forming  also 
pale,  compressible,  congenital  tumours  of  the  skin.  (See  Cystic  Hygi-oma, 
p.  1008). 

E.  Lymphadenoma.  Tumour  composed  of  Lymphatic  Tissue. 
Lymphoma. — Lymphadenomata  are  composed  of  tissue  exactly  resembling 
that  of  the  follicles  of  the  lymphatic  glands,  lymphoid  or  lymphatic  tissue,  the 
so-called  "  adenoid  tissue  "  of  His ;  but  to  avoid  confusion,  the  term  "  adenoid" 
should  never  be  used  in  connection  with  this  structure,  but  reserved  for  tissues 
resembhug  those  of  the  secreting  glands.  Lymphoid  tissue  (Figs.  378,  379)  is 
characterized  by  a  delicate  reticulate  stroma,  in.  the  meshes  of  which  are  packed 
numljerless  cells,  in  every  way  resembhug  the  white  corpuscles  of  the  blood. 
The  stroma  is  composed  of  fibrous  tissue  containing  a  few  oval  nuclei  scattered 
through  it,  especially  where  the  bands  cross  each  other.  The  stroma  may,  in 
some  cases,  be  increased  in  amount  and  thicker  than  that  normally  found  in 
lymphatic  glands.  The  vessels  are  abundant  and  in  close  connection  with  the 
stroma.  The  tunrours  are  white  or  grey  in  colour,  sometimes  stained  by 
haemorrhages.  They  vary  considerably  in  consistence  ;  sometimes  they  are 
soft  and  brain-like,  and  sometimes  hard  and  tough.    This  difference  depends 
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upon  the  proportion  horno  bj  tlie  colls  to  the  stroma.  The  softer  forms  yield 
an  abundant  milky  fluid  on  scraping,  resomblini.'  the  juice  of  a  cancer.  The 
lymphoid  character  of  the  cells  in  tiie  fluid,  however,  at  once  sliows  the  true 
nature  of  the  growth.  The  development  of  these  tumours  forms  the  essential 
feature  of  the  general  affection  known  as  "  Modgkin's  disease."  In  this- 
affection  there  is  an  enlargement  of  tlie  lyuiphatic  glands,  accompanied  in  some 
cases  by  disseminated  lymphoid  tumours  in  the  liver,  spleen,  kidneys,  and 
other  organs,  and  occasionally  in  the  medullary  tissue  of  bones.  To  this 
general  form  of  the  disease,  Gowers  applies  the  name  of  lymphxidenosis.  The 
chief  general  symptom  is  marked  and  progressive  anasmia.  The  red  corpuscles 
of  the  blood  are  diminished  in  number,  and  the  white  may  or  may  not  bo 
increased.  The  increase  in  the  white  corpuscles  is  met  Avith  chiefly  in  those 
cases  in  wdiicb  the  tumours  are  soft  and  disseminated  throughout  the  viscera, 
and  more  especially  when  the  spleen  is  enlarged.  The  disease  may  occur  at 
any  age,  but  is  most  common  in  young  adults.    For  the  further  symptoms, 

the  reader  must  refer  to 
works  on  medicine.  Lym- 
jDhadenoma  comes  under  the 
care  of  the  Surgeon  only  as 
it  occurs  in  the  lymphatic 
glands.  The  glands  of  the 
neck  and  axilla  are  most 
frequently  affected.  Thev 
form    painless  swellings, 
usually  firm  in  consistence, 
and  of  slow  growth,  and 
are  at  fii'st  indistinguishable 
from  simple  hypertrophy  or 
chronic  inflammatory  en- 
largement. The  glands  re- 
main distinct  till  they  have 
acquired  a  considerable  size: 
but  later  on  they  often  fuse  together,  forming  a  large  lobulated  mass.  While 
they  remain  distinct,  they  form  no  adhesions  to  surrounding  parts,  and  can 
be  easily  removed  ;  but  when  the  growth  extends  beyond  the  capsules  of  the 
glands,  it  may  infiltrate  surrounding  structures.    They  show  scarcely  any 
tendency  to  caseation,  and  never  soften  or  suppui-ate.   The  skin  covering  them 
is  not  adherent  and  retains  its  natural  colour.    The  affection  may  remain  for  a 
long  time,  or  even  permanently,  limited  to  one  set  of  glands.    In  these  cases., 
as  a  rule,  the  stroma  is  in  great  excess,  and  the  tumours  are  hard  and  fibroid. 
After  a  time  they  may  cease  to  grow.    When  large  numbers  of  glands  are 
affected  and  disseminated  growths  arc  present  in  the  viscera,  the  growths  are 
usually,  but  not  always,  softer,  and  the  case  almost  inevitably  terminates 
fatally  after  two  or  three  years.    Death  may  take  place  from  the  general 
disease,  or  from  the  effects  of  local  pressure,  especially  when  the  growth 
extends  beneath  the  sternum,  or  presses  on  the  trachea  or  recurrent  laryngeal 
nerve. 

Lymphomata  frequently  come  under  the  observation  of  the  Surgeon. 
aff*ecting  a  single  gland  or  group  of  glands  unaccompanied  by  any  constitu- 
tional disturbance.    In  these  cases  the  disease  seems  to  be  a  mere  hypertroph 
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of  the  affected  glands ;  and  perhaps,  strictly  speaking,  should  hardly  be  classed 
with  tumours.  The  diagnosis  of  lymphadenoma  in  the  early  stages  is  practi- 
cally impossible.  At  a  later  period,  the  great  enlargement  of  the  glands,  and 
the  constitutional  symptoms,  indicate  the  nature  of  the  case.  The  absence  of 
a  local  cause  of  irritation,  and  the  want  of  any  tendency  to  caseation  or 
suppuration,  serve  as  a  rule  to  distinguish  it  from  chronic  inflammation  of  the 
glands.  The  question  of  removing  the  enlarged  glands  often  comes  before 
the  Surgeon.  If  the  affection  is  local,  and  the  general  health  fairly  good,  the 
operation  may  safely  be  undertaken.  If  there  is  very  marked  antemia,  or  if 
there  be  a  high  temperature,  and  especially  if  the  tumours  are  very  numerous, 
the  spleen  enlarged,  and  the  white  corpuscles  distinctly  increased  in  number, 
any  operative  interference  should  be  avoided  unless  it  seems  possible  to  reheve 
the  patient  fi-om  imminent  death  from  pressure  on  the  trachea. 

F.  Papilloma.    Tumour  resembling  the  Papillae  of  Skin  or  Mucous 
Membrane. — A  papilla  is  a  more  or  less  pointed  projection  composed  of 
areolar  or  homogeneous  connective  tissue,  surrounding  a  capillary  loop  and 
covered  by  epithehum,  which  may  consist  of  many  layers,  as  in  the  skin,  or 
of  only  one,  as  in  the  intestine.    Lymphatic  spaces  and  capillaries  are  present 
in  the  areolar  tissue.    The  tumours  which  pass  under  the  name  of  papillomata 
are  usually  mere  hypertrophies  of  the  normal  papillte  of  the  part  on  which 
they  grow,  and  are  covered  by  the  variety  of  epithelium  natural  to  the  part. 
The  papilte  of  which  they  are  composed  differ  from  those  normal  to  the  part 
in  size,  shape,  and  vascularity.    Thus,  instead  of  merely  microscopic  papillEe, 
such  as  are  normal  to  the  skin,  we  may  have  growths  sometimes  reaching  the 
size  and  presenting  the  appearance  of  the  head  of  a  good-sized  cauliflower. 
Instead  of  simple  papiUjB,  we  may  have  branched  growths  subdividing  again 
and  again,  and  connected  with  the  parent  tissue  only  by  a  narrow  stalk.  The 
vessels  of  these  growths  are  always  abundant,  and  frequently  dilated  to  a 
considerable  size.    The  connective  tissue  forming  the  basis  of  the  papilfe  is 
more  or  less  crowded  with  small  round  cells,  according  to  the  rapidity  of  the 
growth.   Sometimes  the  deeper  layers  of  the  epithelium  are  darkly  pigmented. 
Malignant  tumours  of  various  kinds  when  seated  on  a  free  surface  may  assume 
a  papillary  form,  but  these  must  not  be  confounded  with  papillomata.  On 
the  other  hand,  a  papilloma  may  by  invisible  degrees  merge  into  an  epithe- 
lioma, either  squamous  or  columnar,  as  the  case  may  be,  the  distinction  between 
them  sometimes  being  impossible,  even  with  the  help  of  a  microscope.  It 
may,  however,  be  broadly  stated  that  so  long  as  the  tumour  maintains  a  simple 
papillary  form,  the  epithelium  being  purely  superficial,  and  showing  no  ten- 
dency to  burrow  between  the  papillte  into  deeper  parts,  and  so  long  as  the 
base  of  the  tumour  is  not  composed  of  masses  of  small  round  cells  infiltrating 
the  surroimding  structures,  we  may  at  least  hope  that  the  tumour  is  non- 
malignant.    In  other  cases,  such  as  the  common  warts  or  gonorrhoeal  warts, 
we  know  certainly  that  the  growth  is  simple.    Papillomata  vary  in  hardness 
and  softness,  according  to  the  parts  on  which  they  grow,  and  the  amount  and 
nature  of  epithelium  with  which  they  are  covered.    Thus  the  common  corn 
or  wart,  being  thickly  covered  with  horny  epithehum,  is  hard,  while  the 
papillomata  of  the  rectum,  being  thinly  covered  with  columnar  epithelium 
are  always  soft.  ' 

The  chief  forms  of  papilloma  are  :— corns,  simple  warts,  condylomata  and 
mucous  tubercles,  and  some  forms  of  polypi  and  villous  tumours. 
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Corns  consist  of  an  undne  development  of  cuticle,  with  slightly  increased 
vascularity  of  the  suhjacent  cutis ;  subsequently  the  papilite  themselves 
become  enlarged,  especially  when  the  irritation  has  been  prolonged  or  con- 
siderable. A  soft  corn  is  merely  one  which  from  its  situation  is  kept  con- 
stantly moist,  so  that  the  newly  formed  scaly  epithelium,  instead  of  forming 
a  dense  crust,  peels  off,  leaving  the  vascular  and  sensitive  papillje  but  thinly 
covered. 

Warts  are  the  result  of  a  primary  hyiDertropliy  of  the  papillae,  accompanied 
by  the  formation  of  new  vessels,  and  a  great  increase  in  the  development  of 
the  epidermis,  which  forms  laminated  strata,  and  sometimes  produces,  in  the 
hollows  between  the  papillse,  masses  with  a  concentric  arrangement  of  the 
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Fig.  SSO.—PaiiUloma  of  Soft  Palate.   (40  diain.). 

a.  Superficial  epithelium. 

ft.  Younger  epithelium :  in  the  deeper  parts  the  cells  are  more  deeply  stained  and  radiate  from  the  , 
centre. 

c.  Connective  tissue  fonning  the  papillse,  into  the  ramifications  of  whicli  it  is  prolonged. 

d.  Vessels  cut  obliquely. 


cells,  closely  resembling  the  nest-like  structures  seen  in  squamous  carcinoma. 
The  true  warts  are  most  commonly  found  on  the  skin,  and  are  then  often 
very  hard  and  horny  ;  sometimes  they  may  develop  a  long  horn-like  growth. 
Softer  varieties  are,  however,  found  on  the  muco-cutaueous  surfaces,  especially 
of  the  prepuce  and  vulva,  and  are  usually  of  a  specific  origin.  They  may  also 
occur  on  the  mucous  membrane  of  the  mouth  or  soft  palate  (Fig.  380),  and 
they  are  not  uncommon  in  the  larynx.  "\\''arts  may  be  the  result  of  a  local 
irritation,  but  in  many  cases  they  appear  to  depend  as  much  upon  some 
constitutional  condition. 

The  warty  growths  from  the  vulva,  as  the  result  of  gonorrhoeal  irritation, 
may  reach  the  size  of  a  foetal  head.  Simple  cutaneous  warts  are  often 
pigmented,  being  of  a  bluish-black  colour.  In  these  the  papillaa  may 
not  be  evident  to  the  naked  eye,  the  sjiaces  between  being  filled  up  with 
epithelium,  but  the  papillary  structure  is  readily  demonstrated  by  the  micro- 
scope. 

In  Condylomata  and  Mucous  Tubercles  the  enlarged  papilla3  arc  soft, 
and  contain  a  great  abundance  of  small  round  cells,  giving  evidence  of  their 
rapid  growth.  They  occur  about  the  anus  and  in  the  perinajum  and  folds  of 
the  nates,  as  well  as  occasionally  in  the  larynx  and  fauces.    They  are  always 
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dependent  on  a  syphilitic  taint.  "When  situated  on  the  mucous  membranes, 
they  are  often  pointed,  somewhat  pendulous,  nodulated  on  the  surface,  very 
vascular,  and  bleed  readily  when  touched  ;  but  when  they  occur  on  a  muco- 
cutaneous surface,  they  are  flattened,  expanded,  soft,  and  white,  constituting 
the  true  condylomata  or  mucous  tubercles. 

Some  forms  of  polypi  are  properly  classed  amongst  papillomata.  Thus  the 
simple  polypus  of  the  rectum  may  be  a  soft  papilloma  bearing  columnar  epi- 
thelium. In  some  rare  cases,  the  epithelium  has  been  found  to  be  scaly.  The 
papillaa  may  branch  again  and  again,  the  peduncle  being  comparatively  small. 
It  is  difficult,  however,  to  draw  any  accurate  line  between  such  papillomata 
and  the  columnar  epithelioma  to  be  described  hereafter. 

The  commou  form  of  villous  tumour  of  the  bladder,  formerly  described 
as  "villous  cancer,"  should  also  undoubtedly  be  included  under  papillomata. 
This  tumour  is  composed  of  long  delicate  processes  floating  freely  in  the  cavity 
of  the  bladder,  attached  only  at  their  bases.  They  each  consist  of  a  dilated 
capillary  loop,  surrounded  by  an  almost  homogeneous  connective  tissue,  con- 
taining a  few  scattered  round  or  oval  cells,  and  covered  with  an  epithelium  of 
an  irregular  shape,  often  resembling  spindle-cells  in  form,  and  similar  to  that 
naturally  lining  the  bladder.  This  epithelium  is  very  difficult  to  find,  as  it 
soon  separates  by  maceration  in  the  urine  after  death.  The  base  from  which 
the  villi  grow  is  composed  merely  of  fibroid  tissue  tunnelled  in  all  directions 
by  dilated  vessels.  These  tumours,  if  left  unrelieved,  invariably  terminate 
fatally  from  the  abundant  h£emorrhage  to  which  they  give  rise,  and  the  effect 
they  have  in  interfering  with  the  escape  of  urine  from  the  bladder  :  but  they 
never  give  rise  to  secondaiy  growths  nor  invade  surrounding  structures,  and  are 
consequently  non-malignant.  They  will  be  more  fully  described  under  diseases 
of  the  bladder. 

The  general  principles  of  Treatment  of  these  affections  consist  in  their 
removal  by  excision,  hgature,  or  caustics,  according  to  their  size,  situation,  and 
attachments.  Excision  is  usually  preferable  when  they  are  of  large  size.  If 
they  are  seated  on  a  mucous  surface,  and  are  pedunculated,  the  ligature  is  the 
safest  means  of  removal.  In  many  cases  Paquelin's  cautery  will  be  foupd  very 
useful  in  removing  large  papillary  gi'owths.  Small  warty  growths  on  the  skin 
or  on  a  muco-cutaneous  surface  can  usually  be  cured  without  difficulty  by  the 
apphcation  of  sahcyhc  collodion.  (SaKcylic  acid,  gr.  100,  flexible  collodion  (| 
strength),  one  ounce.)  Extract  of  Indian  hemp  is  sometimes  added  to  this  to 
prevent  pain,  and  the  preparation  is  then  known  by  the  name  of  "  Solvine." 
(Salicylic  acid,  60  grains,  extract  of  Indian  hemp,  8  grains,  and  flexible  collo- 
dion (i  strength),  one  ounce.)  If  the  cuticle  be  very  thick  the  wart  may  be 
cured  by  the  application  of  a  saturated  solution  of  potassa  fusa  in  water. 

The  term  "  polypus  "  may  perhaps  be  more  conveniently  defined  here  than 
elsewhere.  It  is  purely  clinical,  and  has  no  pathological  meaning.  It  merely 
means  a  tumour  growing  from  the  mucous  surface"  lining  a  cavity,  having  a 
distinct  peduncle  and  a  rounded,  oval,  or  papillary  form.  Thus  the  ordinary 
polypus  of  the  nose  is  usually  a  myxoma,  and  the  malignan  t  polypus  a  sarcoma 
Polypus  of  the  uterus  is  a  fibroma  or  myo-fibroma,  and  polypus  of  the  rectum 
often  a  papiUoma,  and  sometimes  a  form  of  cancer.  Simple  polypi  are  usually 
covered  by  a  prolongation  of  the  mucous  membrane  from  which  they  grow 
Thus  the  mucous  polypus  of  the  nose  is  covered  by  a  membrane  bearing  ciliated 
epithelium. 
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G.  Adenoma.  Glandular  Tumours. — These  tumours  resemble  secreting 
glands  in  structure.  Secreting  glands  are  racemose  or  tubular,  and  conse- 
quently adenomata  are  divided  into  two  corresponding  classes. 

The  Tubular  Adenomata  are  composed  of  masses  of  tubules  resemljliug 
those  of  the  structure  in  which  they  originate,  some  closed  and  some  open 


Fig.  381.—  Ailenoma  (adenn-fibroma)  of  Mamma,  of  slow  gro-\rtli  (ISS  rtiam.).  Stroma  bears  a  large  propor- 
tion to  the  spaces  ;  it  consists  of  well-formed  fibrous  tissue.  Tubes  contain  more  than  one  layer  of 
epithelium. 

on  the  surface.    In  the  rectum  or  intestine  the  tubes  resemble  the  crypt  of 
Lieberkiihn.    These  tumours  are  usually  papillary.    They  often  form  polypoid 
growths.    When  simple  and  with  well  marked  papillse,  they  might  perhaps  be  . 
more  properly  spoken  of  as  papillomata,  and  they  were  consequently  mentioned 


Fig.  382.— Adenoma  (adeno-Harcomn)  of  Mamma,  rapid  growth  (188  diam.).  This  is  sonictinios  spoken  of  n.« 
adeno-.sarcoma ;  tlie  epithelium  in  tlie  acini  is  arranged  in  several  layers,  the  stroma  cont«ins  many  uv.il 
cells  and  some  fibres. 

under  that  class.  "When  showing  the  well  marked  malignancy  so  common  to 
these  growths,  they  are  classed  with  carcinomata,  either  under  tlie  name  of 
columnar  epithelioma,  columnar  carcinoma,  or  adenoid  cancer.  They  will, 
therefore,  be  more  fully  described  hereafter. 

In  the  skill  a  tubular  adenoma  is  occasionally  met  with  arising  from  the 
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sweat-glands.  It  forms  a  flattened  elevation,  rising  about  one-tenth  of  an 
inch  above  the  level  of  the  surrounding  parts,  and  somewhat  coarse  on  the 
surface,  A  section  shows  it  to  be  composed  of  closely  packed  tubular  glands 
exactly  resembling  those  of  the  normal  sweat-glands.  These  growths  are  very 
rare.  They  may  ulcerate  in  the  centre  after  reaching  a  certain  size  and  by 
invading  the  surrounding  parts  show  a  local  malignancy,  but  they  never  give 
rise  to  secondary  growths. 

The  Racemose  or  Acinous  Adenomata  resemble  in  structure  more  or 
less  perfectly  a  racemose  gland,  and  are  always  found  in  connection  with  such 
organs  (Figs.  381,  382).  They  are  composed  of  rounded  or  irregular  spaces 
lined  with  a  peculiar  small  epithelium,  somewhat  square  or  rounded  in  form, 
and  frequently  many  layers  deep.  The  spaces  communicate  with  each  other, 
either  directly  or  by  means  of  duct-like  channels.  The  acini,  which  are 
more  or  less  widely  separated,  are  bound  together  by  fibrous  tissue,  bearing 
vessels,  and  containing  cells  varying  in  shape  and  number.  In  the  most 
typical  forms  the  cells  are  merely  such  as  are  seen  in  ordinary  connective 
tissues  ;  but  if  the  tumour  be  growing  rapidly,  large  numbers  of  small  round 
or  oval  cells  are  found  (Fig.  382).  Sometimes  the  tissue  between  the  acini 
may  be  composed  entirely  of  spindle-cells,  in  fact,  may  have  the  structure 
of  a  spindle-celled  sarcoma ;  the  tumour  is  then  often  spoken  of  as  an  adeno- 
sarcoma.  Sometimes  tissue  resembling  that  of  a  myxoma  may  be  found. 
Very  frequently  the  acini  become  dilated  into  cysts,  varying  in  size  from  a 
pin's  head  to  a  walnut,  or  larger  ;  this  forms  the  so-called  cystic  sarcoma  of 
the  mamma.  Not  unfrequently  in  such  cases  cauliflower -like  growths,  similar 
in  structure  to  the  rest  of  the  tumour,  may  be  found  projecting  into  the  cysts 
(intracystic  growths — ^proliferous  cysts  of  the  mamma).  These  tumours  are 
infinitely  most  frequent  in  the  mamma,  but  they  are  sometimes  seen  in  con- 
nection with  the  parotid,  and  have  been  recorded  as  growing  from  the 
racemose  glands  of  the  soft  palate,  from  the  lachrymal  gland,  and  from  the 
sebaceous  glands  of  the  skin.  In  the  parotid  they  are  often  mixed  with 
myxoma  and  enchondroma.  They  are  rounded  or  oval  in  shape,  perfectly 
circumscribed,  and  surrounded  by  a  fibrous  capsule.  They  are  hard  and 
elastic,  occasionally  presenting  points  of  fluctuation  when  containing  large 
cysts.  They  are  always  non-mahgnant,  and  there  is  no  reason  to  believe 
that  they  ever  assume  a  carcinomatous  character.  Their  clinical  features 
and  treatment  will  be  fully  discussed  in  the  chapters  on  the  diseases  of  the 
organs  in  which  they  occur. 

IV.— TUMOURS  COMPOSED  OF  TISSUE  WHICH  IS  EITHER  PURELY  EM- 
BRYONIC, OR  IS  UNDERGOING  ONE  OP  THE  PRIMARY  MODIFICATIONS 
SEEN  IN  THE  DEVELOPMENT  OF  ADULT  CONNECTIVE  TISSUE  •— 
SARCOMATA. 

The  large  group  of  tumours  now  classed  together  under  the  name  of  sarco- 
mata includes  many  which  were,  till  comparatively  recently,  known  by  a 
variety  of  other  names,  and  grouped  in  other  divisions  :  and  the  term  sarcoma, 
which  has  now  received  a  definite  meaning,  was  formerly  applied  to  almost  any 
soft  fleshy  growth.  Almost  all  soft  sarcomata  of  bones,  the  glioma  or  glio-sar- 
coma  of  the  eye,  sarcomata  of  secreting  glands,  and  lymphatics,  were  formerly 
called  soft  cancer  ;  the  melanotic  sarcoma, — melanosis  or  melanotic  cancer, 
and  the  ossifying  sarcoma,— osteoid  cancer  ;  and  the  chondrifying  sarcoma,^ 
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malignant  enchondroma ;  many  firm  sarcomata  have  been  described  as  scirrhus, 
and  soft  sarcomata  broken  down  by  htsmorrliage  as  blood-cysts.  Lastly,  tlie 
tumours  known  as  fibro-plastic,  fibro-nuclear,  recurrent  fibroid,  malignant 
fibroid,  and  myeloid,  have  all  been  brought  into  the  great  class  of  sarcomata. 
These  tumours  may  grow  in  any  part  of  the  body.  They  may  present  e\-ery 
variety  of  consistence,  colour,  and  shape .;  they  may  be  circumscribed  or  diffuse ; 
they  may  be  as  iimocent  as  a  fatty  tumour,  or  as  malignant  as  the  worst  form 
of  cancer.  The  anatomical  type  of  sarcoma  is  found  in  embryonic  tissue,  a 
description  of  which  has  been  given  in  a  former  page  (p.  996).  Its  patho- 
logical analogue  is  seen  in  the  products  of  inflammation,  but  between  these 
and  sarcoma  are  many  differences.  The  products  of  inflammation,  supposing 
they  li-\'e,  show  a  tendency  towards  development  into  some  more  perfect 
tissue  ;  but  in  a  sarcoma  the  older  parts  of  the  growth  show  no  higher  deve- 
lopment than  the  most  recent,  the  same  type  of  structure  being  as  a  rule 
maintained  throughout.  The  ossifying  and  chondrifying  sarcomata  and  some 
fibro-sarcomata  are,  however,  exceptions  to  the  rule.  Inflammatory  new 
growths  tend  speedily  to  limit  themselves,  sarcomata  to  gi'ow  indefinitely. 
In  sarcoma,  the  individual  elements  are  often  larger  than  those  seen  in 
inflammation. 

The  cells  of  sarcomata  vary  greatly  in  shape  and  size,  and  it  is  chiefly 
according  to  these  variations  that  this  group  is  subdivided.    The  cells  consist 
simply  of  a  mass  of  protoplasm  surrounding  one  or  more  nuclei,  and  not  en- 
closed in  a  cell-wall.  They  may  be  small  and  round,  exactly  resembling  the  white 
corpuscles  of  the  blood,  or  large  and  round,  looking  almost  like  epithehum- 
ceUs  :  they  may  be  oval,  spindle-shaped  or  fusiform,  stellate  or  tailed ;  large 
mother-cells  crammed  with  nuclei  may  be  found,  and  occasionally  the  cells  are 
pigmented.    The  intercellular  substance  may  be  scanty  or  abundant,  homo- 
geneous or  fibrous,  but  whenever  it  is  recognizable  it  is  seen  to  penetrate 
between  the  individual  cells  in  the  greater  part,  if  not  in  the  whole  of  the 
tumour,  and  thus  a  broad  distinction  is  established  between  these  growths  and 
carcinomata,  in  which  the  stroma  forms  alveolar  spaces,  the  cells  lying  free 
within  them.    Occasionally  the  growth  may  ossify  or  chondrify.    The  blood- 
vessels of  sarcomata  are  usually  abundant  and  thin-walled,  resembling  those 
of  newly  formed  granulations.    This  makes  these  tumours  prone  to  bleed, 
both  into  their  own  substance  and  externally,  and  may  perhaps  account  for  the 
readiness  with  which  many  sarcomata  propagate  themselves  in  the  direction 
of  the  circulation.    In  some  forms  the  vascularity  is  such  that  the  whole 
mass  pulsates  expansively,  and  on  auscultation  a  loud  bruit  may  be  heard,  and 
thus  the  tumour  may  easily  be  mistaken  for  an  aneurism.  Of  the  lympathics  of 
sarcomata  we  know  nothing.    These  growths  are  usually  jDrone  to  early 
degeneration.     They  most  commonly  undergo  fatty  degeneration  in  their 
central  parts,  but  occasionally  they  may  calcify ;  mucous  softening  also  may 
take  place.  When  they  reach  the  surface  they  may  slough  and  ulcerate,  forming 
foul  cavities,  sometimes  of  great  size  ;  but  more  commonly,  when  relieved 
fi-om  the  pressure  of  the  skin,  they  form  large  fungating  protrusions,  often 
bleeding  profusely,  the  so-called  fungus  Immatodes."    Cysts  are  of  frequent 
occurrence  in  some  forms  of  these  tumours.    On  scraping  after  a  section  has 
been  made,  sarcomata  do  not  yield  a  milky  juice  when  fresh,  but  after  about 
■  twenty-four  hours  it  can  often  be  obtained.    Some  sarcomata  are  distinctly 
circumscribed  and  enclosed  in  a  fibrous  capsule,  others  infiltrate  suiTounding 
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parts  like  the  carcinomata.  Sarcomata  are  most  frequent  in  youth  and 
middle  life.  As  a  rule,  it  may  be  said  that  sarcomata  infect  the  system 
generally  through  the  medium  of  the  blood-vessels,  while  carcinoma  is  dissemi- 
nated chiefly  by  the  lymphatic  system.  This  rule  has  many  exceptions,  yet 
nothing  is  more  common  than  to  see  secondary  growths  of  sarcoma  in  the 
lungs,  liver,  and  other  organs,  without  the  lymphatic  glands  having  ever  been 
affected.  The  reverse  is  certainly  the  rule  in  carcinoma.  It  may  also  be 
broadly  stated  that,  the  more  closely  a  sarcoma  approaches  to  fuUy  developed 
connective  tissue  in  its  structure,  the  less  likely  it  is  to  prove  malignant ;  but 
this  rule  is  not  fr'ee  from  exceptions.  Sarcomata  vary  greatly  in  their  rate  of 
growth,  some  proving  fatal  in  less  than  a  year,  others  lasting  many  years  with- 


Fig.  383. — Round-celled  Sarcoma,  from  a  large 
tumour  in  the  muscles  round  the  upper  end 
of  the  femur  (1S8  diani.).  The  cells  vary 
in  size  and  have  a  very  clear  nucleus  and 
nucleolus ;  the  matrix  v?hich  has  shrunk 
away  irom  the  oeUs  is  faintly  granular. 


Fig.  3S4. — Spindle-celled  Sarcoma,  from  sub- 
cutaneous tissue  of  groin  (188  diani.). 
Cells  of  medium  size ;  no  intercellular 
fibres. 


out  attaining  any  considerable  size.  Sarcoma-tissue  sometimes  occurs  mixed 
with  other  kinds  of  growth. 

"Varieties  op  Saecoma.^ — Small-Round-celled  Sarcoma.  Gramilation 
Sarcoma.  Uncephaloid  Sarcoma. — These  tumours  were  formerly  included 
among  soft  or  encephaloid  cancers.  They  resemble  in  structure  the  superficial 
layers  of  granulations,  being  composed  of  small  round  cells  about  the  size  of  a 
white  blood-corpuscle,  or  a  little  larger,  each  containing  a  round  or  oval 
nucleus,  and  embedded  in  a  homogeneous  intercellular  substance  (Fig.  383). 
Sometimes  the  intercellular  substance  is  scarcely  perceptible,  sometimes  it  is 
more  abundant ,  as  in  the  accompanying  figure.  It  may  be  more  or  less  dis- 
tinctly fibrillated.  The  tumour  may  thus  closely  resemble  a  lymphadenoma, 
but  on  careful  examination  the  stroma  will  be  found  not  to  be  so  clearly  reti- 
cular. These  tumours  are  soft,  sometimes  even  pulpy,  and  grey  or  whitish  in 
colour.  They  usually  infiltrate  surrounding  parts.  They  are  excessively 
vascular,  and  often  present  scattered  patches  of  ha^mon-hage  or  cysts  resulting 
from  extravasation  of  blood.  They  may  pulsate  forcibly,  and  have  more  than 
once  been  mistaken  for  aneurisms.  They  yield  no  milky  juice  when  quite 
fresh,  but  when  decomposition  sets  in,  it  can  easily  be  obtained  by  pressure 
or  scraping.  Their  chief  scats  are  the  skin,  bones,  subcutaneous  areolar 
tissue,  muscles,  and  occasionally  glands.  Their  diagnosis  cannot  be  accurately 
made  till  after  removal.  They  show  a  malignancy  equal  to  that  of  the  worst 
cancers.  Their  growth  is  rapid,  and  they  early  give  rise  to  secondary  deposits, 
especially  in  the  lungs,  and  the  lymphatic  glands  are  frequently  affected. 
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One  form  of  small  round-celled  sarcoma  has  been  described  by  Virchow 
under  the  name  of  Glioma,  from  its  resemblance  in  structure  to  the  neuroglia 
or  connective  tissue  of  the  brain  and  spinal  cord,  from  which  it  always  springs. 
It  is  composed  of  an  excessively  delicate  areolar  stroma,  having  round  cells 
embedded  in  its  meshes.  Ziegler  states  that  the  apparent  areolar  stroma  is 
in  fact  composed  of  numerous  branching  processes  going  off  in  all  directions 
from  the  cells.  These  tumours  vary  much  in  consistence,  being  sometimes 
soft  and  sometimes  quite  firm.  They  are  never  circumscribed,  always  in- 
vading the  sm-rounding  parts.  They  occur  in  connection  with  the  nerves  or 
nervous  centres.  The  tumour  formerly  known  as  soft  cancer  of  the  eyeball 
is  in  fact  a  glioma  arising  from  the  retina.  It  is  most  common  in  young 
childi-en,  and  frequently  runs  a  malignant  course,  projecting  beyond  the 
eyeball,  infiltrating  surrounding  parts,  and  giving  rise  to  secondary  growths. 

Spindle-celled  Sarcoma.  Fasciculated  Sarcoma.  Recurrent  Fibroid 
Tumour.  Fibro-plastic  Tumour.— These  tumours  are  composed  of  spindle- 
shaped,  fusiform,  or  oat-shaped  cells,  either  lying  closely  in  contact  with  each 
other  or  separated  by  a  homogeneous  or  fibrous  intercellular  substance 
(Fig.  384).  The  cells  vary  greatly  in  size  in  different  tumours,  but  are  usually 
tolerably  equal  in  the  same  growth.  They  may  be  httle  more  than  Tcrooth 
inch  in  length,  or  they  may  reach  entirely  across  the  field  of  the  microscope. 
This  has  given  rise  to  the  distinction  between  large  and  small  spindle-ceUed 
sarcomata.  The  intercellular  substance  is  usually  more  abundant  and  more  fully 
developed  into  fibrous  tissue  in  the  small  than  in  the  large-celled  growths ; 
and  it  is  the  former,  therefore,  that  gradually  merge  into  fibromata,  so  that  it 
is  often  difficult  to  determine  under  which  heading  to  class  them,  and  some 
writers  have  given  them  the  name  fibro-sarcoma.  All  spindle-cells,  large  or 
small,  contain  an  oval  nucleus  with  one  or  more  nucleoli.  The  cells  are  usually 
arranged  in  bands  crossing  each  other  in  various  directions,  often  giving  the 
gro^vth  a  fasciculated  or  fibrous  appearance,  and  if  a  band  happens  to  be  cut 
tranversely  it  presents  the  appearance  of  a  group  of  small  round  cells.  The 
vessels,  as  in  other  sarcomata,  are  abundant  and  thin-walled. 

The  small-spindle-celled  sarcomata  are  usually  firm  in  consistence,  and  of  a 
pinkish  or  whitish  colour,  the  central  parts  being  yellow  from  fatty  degeneration. 
Occasionally  they  contain  cysts  filled  with  straw-coloured  fluid,  and  they  may 
closely  resemble  in  aspect  the  common  fibroid  tumour.    They  grow  by  prefer- 
ence in  fibrous  structures,  as  f:iscia3,  skin,  or  tendons ;  they  may  occur  in  inter- 
muscular spaces,  or  occasionally  in  the  sheaths  of  nerves.    Thus  I  amputated 
a  leg  a  few  years  ago  for  a  large  tumour  of  this  kind  seated  on  the  posterior 
tibial  nerve.    Though  these  tumours  are  usually  distinctly  circumscriljed  and 
sometimes  encapsuled,  and  run  a  perfectly  innocent  course,  in  many  cases 
they  show  an  extraordinary  tendency  to  local  recurrence  after  removal ;  but  it 
is  rare  for  them  to  give  rise  to  secondary  deposits  in  internal  organs.  Paget 
described  these  growths  under  the  name  of  rennrent  Jibi-oid  himours,  and 
related  several  instances  of  them.    One  was  a  tumour  of  the  upper  part  of  the 
leg,  which  between  1846  and  the  end  of  1848  had  been  removed  five  times, 
and  reappeared  for  the  sixth  time  after  the  last  operation,  when,  as  it  had 
become  large  and  ulcerated,  amputation  was  deemed  advisable ;  this  procedure, 
however,  was  followed  by  death.    The  examination  of  the  third  tumour  pre- 
sented "  verynan'ow,  elongated,  caudate,  and  oat-shaped  nucleated  cells,  many 
of  which  had  long  and  subdivided  terminal  processes ; "  in  the  tumour  last 
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removed,  the  cells  were  generally  filled  with  minute  shining  molecules,  as  if  fatty 
degeneration  had  taken  place.  In  another  case,  a  tumour  of  the  shoulder  had 
been  removed,  and  returned  four  times  between  May,  1848,  and  December, 
1849,  reappearing  in  the  following  year  for  the  fifth  time ;  it,  however,  after  a 
lime  became  stationary,  and  many  years  afterwards  the  patient,  but  for  the 
presence  of  the  tumour,  might  be  considered  to  be  a  strong  and  healthy  man. 
Paget  relates  also  a  case  in  which,  between  1839  and  1851,  Syme  removed  a 
tumour  of  this  kind  five  times  from  the  upper  part  of  the  chest :  it  recurred  a 
sixth  time  and  was  followed  by  death.  He  refers  also  to  a  case  by  Gluge,  in 
which  a  similar-  tumour  was  five  times  removed  from  the  scapula,  its  sixth 
reappearance  being  followed  by  death.  The  most  interesting  of  all  is  a  case 
by  Maclagau,  in  which  four  removals  were  performed  in  the  course  of  thirty- 
six  years,  twenty-three  years  intervening  between  the  second  and  third 
removals,  and  eleven  between  the  third  and  fourth.  Since  this  form  of  tumour 
was  first  described  by  Paget,  a  number  of  instances  have  been  recorded  by 
British  and  Continental  Surgeons.  These  recurrent  tumours  appear  to  be 
more  malignant  in  the  later  than  in  the  earlier  recurrences,  becoming  more 
painful,  rapidly  degenerating,  and  giving  rise  to  an  ulcerating  fungus,  which 
eventually  proves  fatal  by  exhaustion  and  haamorrhage.  The  cells  will  then  be 
found  to  have  become  larger,  and  the  intercellular  substance  softer  and  devoid 
of  fibrillation  ;  and,  in  fact,  they  merge  into  the  large-celled  form  of  spindle- 
celled  sarcoma.  This  is  clearly  shown  by  a  case  which  occurred  under  my 
care  at  University  CoUege  Hospital.  A  tumour  as  large  as  a  full-sized  turnip 
was  removed  from  the  shoulder  of  a  middle-aged  man,  and  was  found  to  be 
slightly  connected  with  the  spine  of  the  scapula.  On  examination  it  presented 
all  the  characters  of  a  spindle-celled  sarcoma,  consisting  almost  entirely  of 
densely  packed  fusiform  cells,  with  oval  or  oat-shaped  nuclei.  A  small  mass 
reappeared  before  the  wound  had  completely  healed,  and  on  examination 
presented  a  much  larger  proportion  of  oval  cells  and  spindle-cells,  now  having 
double  nuclei.  It  recurred  a  second  time,  and  now  but  few  well  formed 
spindle-cells  were  found,  but  the  tumour  was  chiefly  composed  of  oval  and 
flask-shaped  cells,  or  rather  masses  of  protoplasm,  in  which  numerous  nuclei 
were  embedded.  A  portion  of  the  spine  of  the  scapula,  removed  with  the 
tumour,  showed  that  the  growth  had  sprung  from  the  cancellous  tissue. 

Large-spindle-celled  sarcomata,  formerly  often  spoken  of  as  fibro-plastic 
tumours,  are  much  softer  than  the  variety  last  described.  They  are  usually  of 
a  pinkish  colour,  frequently  stained  dark-red  in  parts  from  extravasations 
of  blood,  and  if  of  any  size,  their  central  parts  are  opaque  and  yellow  from  the 
effects  of  fatty  degeneration.  They  yield  more  or  less  transparent  viscid  juice 
on  scraping,  mixed  with  fragments  of  the  growth.  They  may  be  distinctly 
circmnscribed  and  encapsuled,  but  not  unfrequently  they  invade  surrounding 
parts.  They  often  contain  cysts  of  some  size,  sometimes  filled  with  straw- 
coloured  fluid  and  sometimes  with  blood  or  a  blood-coloured  liquid.  These 
tumours  form  frequently  in  connection  with  bones,  especially  commencing 
under  the  periosteum  of  the  shafts  of  long  bones  or  about  the  bones  of  the  face 
or  nose.  A  few  years  ago  I  amputated  a  thigh  at  the  hip-joint  in  University 
College  Hospital,  for  a  large  tumour  of  this  kind  growing  beneath  the  periosteum 
of  the  femur  ;  and  in  another  case  the  arm  was  removed  by  Heath  for  a  similar 
growth.  Both  had  caused  spontaneous  fracture  of  the  bone,  and  both  ulti- 
mately proved  fatal  from  secondary  internal  growths.    These  tumours  when 
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affecting  bono,  must  not  be  confounded  with  the  myeloid,  which  they  closely 
resemble.  Large-spindle-cellcd  sarcomata  grow,  also  from  fascia  and  inter- 
muscular spaces,  and  not  unfi-equently  from  glands,  especially  the  mamma  ; 
and  they  may  be  found  in  rare  cases  in  almost  any  situation.  They  very  often' 
run  a  malignant  course,  giving  rise  to  secondary  gi-owths  in  internal  organs. 
Their  tendency  to  local  recurrence  after  removal  is  very  great. 

From  what  has  been  said  above,  it  will  be  seen  that  the  spindle-celled 
sarcomata  form  a  very  large  and  important  group  of  tumours,  varying  greatly 
in  clinical  characters  and  structure,  but  all  resembling  each  other  in  the  broad 
feature  of  the  spindle-cell  forming  the  predominant  element.  As  to  their 
p-ogmsis,  it  may  be  stated  generally  that  the  more  they  approach  the  structure 
of  the  spindle-celled  growth  found  in  cicatrizing  wounds,  the  less  likely  they 
are  to  give  rise  to  general  infection  of  the  system  ;  but  that  even  the  simplest 
may  recur  locally  after  removal,  and  consequently  too  guarded  a  prognosis 
cannot  be  given  in  such  cases. 

Oval-celled  Sarcoma  (Fig.  385)  may  be  looked  upon  as  merely  an 

extremely  rapidly  growing  and  malignant  spindle- 
celled  tumour.  Thus  we  saw  in  the  case  above 
mentioned,  that,  as  the  rapidity  of  the  growth 
increased  with  each  recurrence,  the  spindle-cells 
became .  replaced  by  large  oval  cells  with  two  or 
more  nuclei.  But  similar  growths  may  occur 
primarily.  They  are  soft,  rapidly  growing,  rarely 
completely  circumscribed.  They  are  of  a  dehcate 
pinkish  colour,  and  yield  an  abundant  slimy  albu- 
minous fluid  on  section.  I  have  twice  had  occasion 
to  remove  such  growths  from  the  neighbom'hood  of 
the  mamma.  In  one  case  it  recurred  locally  after 
the  wound  had  healed,  and  in  a  short  time  formed  an  enormous  tumour, 
larger  than  the  patient's  head.  She  refused  a  second  operation,  and  the  case 
soon  terminated  fatally.  In  the  other,  although  a  large  portion  of  the  pectoral 
muscle  was  removed  with  the  tumour,  it  recurred  before  the  wound  healed, 
and,  in  spite  of  the  free  application  of  caustics,  grew  with  enormous  rapidity, 
in  a  few  weeks  forming  a  fungating  mass  as  large  as  a  foetal  head. 

Myeloid  or  Giant-celled  Sarcoma  w^as  formerly  often  classed  under 
fibro-plastic  tumours,  and  sometimes  probably  as  soft  cancer.  It  was 
described  by  Abernethy  under  the  name  of  "  albuminous  sai'coma."  It  was 
first  fully  described  by  Lebert,  and  its  clinical  and  anatomical  characters  have 
been  carefully  investigated  by  Paget.  It  is  nearly  related  to  the  spiudle- 
ceUed  group  of  sarcomata. 

The  most  characteristic  feature  of  myeloid  tumours  is  the  presence  of  large, 
many-nucleated  masses  of  protoplasm — the  so-called  myeloid  cells — somewhat 
resembling  the  cells  found  in  the  marrow  of  foetal  bones  (Figs.  386,  387). 
They  are  often  of  great  size,  sometimes  y-J^th  or  even  Voth  inch  in  diameter, 
and  extremely  irregular  in  shape,  having  processes  projecting  from  them  iu 
all  directions.  The  nuclei  vary  from  eight  or  ten  to  thirty  or  forty  iu  number, 
and  are  oval  in  shape,  with  distinct  and  highly  refracting  nucleoli.  These 
myeloid  cells  are  embedded  in  masses  of  spindle-shaped  or  roundish  cells, 
between  which  there  is  either  no  intercellular  substance,  or  merely  a  smaU 
quantity  of  homogeneous  gelatinous  material.    These  growths  ai'e  extremely 


Fig.  385. — Oval-eelled  Sarcoma 
(188  diain.). 
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vascular  ;  so  much  so,  that  the  whole  mass  may  pulsate  distinctly.  Myeloid 
tiimom's  frequently  contain  cysts,  often  of  considerable  size.  On  section 
they  present  a  soft  gelatinous  appearance  and  brittle  structure  ;  they  usually 
yield  a  slimy  fluid  on  scraping,  mixed  with  fragments  of  the  tumour  ;  they  are 
of  a  pink  colour  at  their  growing  margin,  while  the  central  parts  are  of  an 


Fig.  3S6. — Myeloid  Sarcoma  from  tlie  Lower  Jaw 
(454  diam.).  The  small  cells  have  shrunk  away 
from  the  myeloid  cells,  the  former  vary  from 
romid  to  spindle  shape. 


Fig.  387.— Constituents  of  a  Myeloid  Tumour 
(454  diam.). 
o  a'.  From  a  fresh  scraping. 
li,  c.  From  a  stained  section. 
(1.  Transparent  nuclei  from  a  fresh  scraping. 


opaque  yellow  from  fatty  degeneration.  The  intermediate  parts  usually 
present  patches  of  a  dark  maroon  colour,  caused  by  extravasation  of  blood. 
Occasionally  patches  of  ossification  may  be  found.  Myeloid  tumours  grow 
almost  exclusively  froni  bone,  and  by  far  most  frequently  from  the  medullary 
cavity  or  cancellous  tissue  at  the  head  of  a  long  bone.  They  attain  to  a  large 
size, .  sometimes  slowly  and  gradually,  and  at  other  times  with  very  great 
rapidity.  The  growth  gradually  causes  absorption  of  the  bone,  but  at  the 
same  time  a  new  deposit  takes 
place  from  the  periosteum,  so 
that  the  tumour  is  enclosed  in 
a  thin  bony  shell,  which,  on 
pressure,  yields  the  peculiar 
sensation  known  as  an  "  egg- 
shell crackling."  On  reaching 
a  cartilage-covered  surface  it 
pushes  the  cartilage  before  it, 
but  rarely  if  ever  perforates 

it.  On  examination  of  such  a  tumour  after  removal,  a  bony  plate  will 
frequently  be  found  separating  it  from  the  medullary  canal.  In  other  cases  it 
may  extend  a  long  distance,  infiltrating  the  medulla.  Myeloid  tumours  are 
most  common  at  the  lower  end  of  the  femur,  the  upper  end  of  the  tibia,  and 
the  upper  end  of  the  humerus.  They  also,  Avhen  growing  from  the  jaw-bones, 
form  one  variety  of  epulis.  I  have  removed  them  from  the  lower  end  of  the 
radius,  and  from  the  metacarpal  bones  (Figs.  388,  389).  In  the  majority  of 
cases  they  may  be  safely  removed  without  the  prospect  of  recurrence,  but 
occasionally  they  return  after  removal.  The  true  myeloid  rarely,  if  ever, 
gives  rise  to  secondary  deposits  in  the  lymphatic  glands  or  internal  organs. 


Fig.  3SS. — Myeloid  Tumour  of  Radius. 
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Fig.  389.— Myeloid  Tumour  of  tlie  Metacarpal  Bones  of 
the  Index  and  Middle  Fingers.  Successful  Removal 
of  those  Bones  and  Finders. 


Myeloid  tumours  are  said  to  have  been  seen  in  tlie  parotid  region  and  the 
mamma,  but  this  is  doubtful. 

Ossifying  and  Osteoid  Sarcomata. — These  tumours  were  formerly 
classed  amongst  the  cancers,  under  the  name  of  osteoid  cancer.  Almost  any 
form  of  sarcoma  may  undergo  ossification.  Thus  round-celled,  spindle-celled, 
and  myeloid  sarcomata  may  occasionally  show  abundant  formation  of  bone. 
The  development  of  bone  in  these  growths  seems  to  give  rise  to  no  radical 
change  in  their  nature.  They  still  show  the  same  tendency  to  unlimited 
growth  and  sometimes  the  same  liability  to  recur  locally  or  to  give  rise  to 
secondary  deposits  in  distant  parts.  The  secondary  deposits  develop  bone 
like  the  original  growth.  The  bony  parts  of  these  tumours  usually  present 
the  appearances  of  true  bone,  but  somewhat  irregular  in  structure.  Occa- 
sionally tumours  growing  from  bone 
are  met  with,  which  present  the 
structure  of  the  gi'owing  tissue 
found  beneath  the  periosteum  in 
inflammation  or  in  normal  gi-owth ; 
that  is  to  say,  small  round  or  poly- 
gonal cells  (osteoblasts),  with  single 
nuclei,  separated  by  a  small  amount 
of  homogeneous  or  fibrillated  in- 
tercellular substance.  These  are 
arranged  in  a  layer  on  lamina  of 
newly  formed  bone.  Sometimes 
the  whole  growth  may  resemble  a 
mass  of  callus.  These  osteoid  sarco- 
mata, as  they  have  been  termed,  form  under  the  periosteum,  and  the  bone 
beneath  is  often  thickened,  so  that  the  medullary  canal  may  be  obliterated. 
They  show  a  considerable  tendency  to  local  recurrence  after  removal.  In 
rare  cases,  ossifying  sarcomata  are  found  unconnected  with  pre-existing  bone. 

The  Chondrifying  Sarcoma  or  Ch.ondro -Sarcoma. — These  tumours 
were  formerly  classed  with  chondromata,  and  were  regarded  as  malignant 
cartilaginous  tumours.  Microscopic  examination,  however,  shows  that  their 
growing  margin  is  distinctly  sarcomatous,  composed  most  commonly  of  spindle- 
shaped  or  round  cells.  These  become  separated  by  a  homogeneous  ground- 
substance  forming  the  matrix  of  the  cartilage,  the  cells  remaining  as  cartilage- 
cells.  Irregular  patches  of  ossification  may  be  scattered  through  the  growth. 
These  tumours  are  not  circumscribed,  the  sarcoma-tissue  invariably  invading 
neighbouring  parts.  They  commonly  run  a  malignant  com*se,  and  the 
secondary  tumours  may  show  the  same  tendency  to  the  development  of 
cartilage.  They  are  met  with  almost  exclusively  in  connection  with  bone,  and 
most  commonly  commence  under  the  periosteum  of  one  of  the  long  bones 
near  its  articular  end.  They  are  also  not  uncommon  in  the  upper  and  lower 
jaw,  and  arc  occasionally  seen  in  the  testicle.  They  arc  distinguished  from 
simple  chondromata  by  their  more  rapid  growth  and  their  tendency  to  invade 
surrounding  parts. 

Alveolar  and  Large-E-ound-celled  Sarcoma. — In  these  rare  tumours, 
which  wei'c  first  clearly  described  by  liillroth,  the  cells  are  of  considerable  size, 
sharply  defined,  and  each  containing  a  large  round  nucleus  (Fig.  300).  They 
thus  closely  resemble  epithelium-cells  in  appearance.   They  are  separated  fi'om 
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each  other  by  a  distinot  and  somewhat  abundant  fibrous  stroma,  but  on  careful 
examination  this  Avill  be  found  to  penetrate  between  the  individual  cells. 
In  some  parts,  probably  from  the  pressure  of  the  growing  cells,  the  stroma  may 
be  partially  absorbed,  so  that  the  cellular  elements  seem  to  lie  in  alveolar 
spaces  in  immediate  contact  with  each  other,  but  further  examination  of  the 
tumour  will  always  show  parts  where  the  stroma  and  cells  are  closely  inter- 
mixed. On  carefully  pencilling  out  the  cells  from  a  thin  section,  a  delicate 
stroma  is  brought  into  view,  passing  between  the  individual  cells  and  sub- 
dividing the  spaces  formed  by  the  bands,  which  give  the  growth  its  alveolar 
and  cancer-like  appearance.  In  some  cases,  however,  the  distinction  between 
these  tumours  and  scirrhus  is  very  difficult.  Alveolar  sarcomata  occur  chiefly 
in  the  cutis,  bones,  and  muscles,  and  occasionally  in  the  breast.  In  the  cutis 
they  form  hard  rounded  tumours,  often  multiple,  of  tolerably  slow  growth,  and 
free  from  pain.  They  lead  ultimately  to  ulceration  of  the  skin  and  the  forma- 
tion of  an  intractable  sore.  In  the  bones,  they  are  more  often  single  and  of 
more  rapid  growth.  Three  cases  affecting  the  cutis  have  occurred  in  Univer- 
sity College  Hospital  during  the  last 
few  years.  In  the  first,  three  ampu- 
tations were  performed  for  recur- 
rence of  the  growth  after  removal, 
by  Christopher  Heath,  commencing 
with  one  finger  and  ending  with  the 
fore-arm.  The  tumour,  when  first 
removed,  was  supposed  to  be  a 
specimen  of  scirrhus  of  the  skin. 
Finally  similar  tumours  appeared  in 
the  cheek  and  scalp,  and  two  more 
operations  were  performed.  The 
man  died  shortly  afterwards,  and 
there  was  reason  to  believe  that  the 

cause  of  death  was  a  similar  growth  in  the  lung.  The  whole  history  of  the 
case  lasted  more  than  seven  years,  and  at  no  time  had  the  lymphatic  glands 
been  affected.  In  the  second  case,  Berkeley  Hill  amputated  the  leg  for  a 
number  of  similar  tumours  situated  below  the  knee,  from  one  of  which  the 
accompanying  drawing  is  taken ;  and  in  the  third,  half  the  foot  was  amputated 
for  a  similar  growth,  which  commenced  at  the  roots  of  the  second  and  third 
toes,  and  had  recurred  three  times  after  removal. 

Plexiform  Sarcoma  or  Cylindroma. — A  rare  form  of  tumour  has  been 
described  by  Billroth,  Sattler,  and  others,  under  this  name.  It  consists  of 
small  cells  of  a  polygonal  form  arranged  in  cylinders  communicating  with  each 
other  in  a  plexiform  manner,  between  which  is  a  varying  quantity  of  hyaline, 
or  finely  fibrillar  connective  tissue.  Knob-like  projections  or  globe-like  masses 
of  the  cells  are  also  met  with.  The  individual  cells  are  in  immediate  contact 
with  each  other,  without  any  apparent  intercellular  substance.  The  peculiar 
appearances  are  supposed  to  be  due  to  a  hyaline  or  mucoid  degeneration  of  the 
walls  of  the  vessels  and  the  neighbouring  cells  of  the  tumour.  The  remaining 
cells  are  squeezed  together,  and  thus  assume  the  form  of  columns  of  polygonal 
cells.  Much  doubt  exists,  however,  as  to  the  exact  mode  of  origin  of  these 
growths.  At  first  sight  a  microscopic  section  of  a  plexiform  sarcoma  closely 
resembles  that  of  an  epithelioma,  but  a  careful  examination  with  a  higher  power 


Fig.  300.— Alveolar  Sarcoma  from  Skin  of  Leg  (188 
diam.). 

A.  To  show  general  ari'angenient. 

B.  After  prolonged  pencilling  shows  the  inter- 

cellular as  well  as  the  alveolar  stroma. 
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shows  its  true  nature.  The  tumours  seldom  reach  any  great  size.  They  are 
soft  and  gelatinous,  and  of  a  dirty  white  colour.  They  are  most  commonly 
met  M'ith  in  the  brain,  the  orbit,  and  sometimes  in  the  salivary  glands, 
Butlin  has  recorded  a  case  in  which  the  tumour  formed  in  the  popliteal 
space.  It  recurred  after  removal,  and  its  true  nature  was  shown  by  the  fact 
that  the  recurrent  growUis  assumed  the  form  of  the  ordinary  round-celled 
sarcoma. 

Melanotic  sarcoma  is  usually  of  the  spindle-celled  variety,  but  frequently 
cental  as  large  numbers  of  round  or  oval,  intermixed  with  the  fusiform,  cells 
(Fig.  391).  The  spindle-cells  are  of  large  size,  and  there  is  no  fibrous  stroma 
between  them.  More  rarely  it  presents  the  structure  of  an  alveolar  sarcoma. 
The  pigment  is  seen  as  brownish  granular  matter  in  the  interior  of  a  certain 
number  of  the  cells,  the  rest  remaining  colom-less.  The  proportion  of  coloured 
cells  varies  in  differcent  specimens.    In  the  secondary  tumours,  it  has  been 

shown  by  R.  J.  Godlee  that 
the  new  cells  follow  the  lines 
of  the  vessels.  These  tumom-s 
are  usually  sharply  circum- 
scribed, both  to  the  naked  eye 
and  the  microscope.  They 
are  soft,  sometimes  almost 
pulpy,  round  or  oval  in  shape, 
and  vary  in  colour  from  dark 
brown  to  the  most  intense 
black.  They  arise  especially 
from  structures  in  which  pig- 
ment naturally  exists,  namely, 
the  skin  (Fig.  391 )  and  choroid 
coat  of  the  eye  (Fig.  393). 
They  appear,  however,  occa- 
sionally to  arise  primarily  in 
the  lymphatic  glands.  They 
are  of  rapid  growth,  and  occur 
usually  in  midde  Uife.  Mela- 
notic sarcoma  is  one  of  the 
most  malignant  of  all  forms 
of  tumour.  The  secondary 
growths  occur  in  every  organ  and  tissue  of  the  body,  and  they  may  apparently 
be  propagated  entirely  by  the  vascular  system,  the  lymphatic  glands  escaping 
any  contamination,  or  they  may  be  distributed  by  both  the  vascular  and  the 
lymphatic  systems.  It  may  be  broadly  stated  that  if  a  melanotic  sarcoma 
reach  the  size  of  a  filbert  secondary  deposits  have  in  all  probability  occun-ed, 
and  no  local  treatment  can  cure  the  patient,  although,  by  relieving  him  of 
one  source  of  infection,  it  may  retard  death.  Although  showing  this  terrible 
general  malignancy,  the  local  malignancy  of  melanotic  sarcoma  is  not  great. 
It  may  reach  a.  large  size  without  ulcerating;  it  is  frequently  distinctly 
CTicapsulcd,  and,  if  removed  freely,  often  does  not  return  in  the  scar.  The 
secondary  tumours  form  in  every  part  of  the  body  ;  constantly  in  the  lungs 
and  liver,  almost  constantly  iu  the  brain  and  spinal  cord,  spleen,  kidneys,  and 
subcutaneous  tissue  ;  very  often  in  the  heart,  intestines,  medulla  of  bones, 


Fig.  301. — Melanotic  Sarcoma  commencing  in  the  Papillse  of 
the-  Skin  (Malignant  Mole.).   (40  diam.) 
a.  Superficial  epidermis. 

h.  Deeper  layers  of  Epidermis,  which  is  deficient  to  the 

right  of  the  drawing, 
p.  Prolongation  of  the  Epidermis  into  the  centre  of  the 

growtii. 

(/.  Sarcoma -tissue,    chiefly    non-pigmented    Trut  -ttith 

scattered  melanotic  patches. 
Connective  tissue  round  the  tuinour  infiltrated  with 

small  round  cells. 
/.  Surrounding  connective  tissue  with  vessels. 
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and  lymphatic  glands.  Like  the  cells  of  the  primaiy  tumour,  some  of  the 
secondary  growths  are  found  to  he  pigmented  and  some  not.  The  diagnosis 
of  melanotic  sarcoma  is  made  by  the  colour  and  rapidity  of  the  growth.  It 
must  not  be  confounded  with  the  simple  pigmented  wart.  This  is  always 
of  slow  growth,  more  or  less  firm,  pedunculated  and  lobulated.  It  must  be 
remembered,  however,  that  melanotic  sarcoma  may  start  from  a  wart  of  this 
kind,  or  from  a  congenital  mole.  As  to  true  melanotic  cancer,  that  is  to  say 
pigmented  encephaloid  or  epithelioma,  it  is  doubtful  if  such  a  growth  exists  ; 
at  any  rate,  it  must  be  of  extreme  rarity.  The  only  Treatment  of  melanotic 
sarcoma  is  the  immediate  removal  of  the  tumour,  unless  secondary  tumours 
can  already  be  recognized. 

Psammoma  is  a  rare  form  of  tumour  found  only  in  connection  with  the 
membranes  of  the  brain.  The  chief  characteristic  of  this  growth  is  the 
presence  of  small  concentric  calcareous  globules,  the  so-called  "  brain-sand." 


Fig.  302. — Melanotic  Sarcoma,  from  a  Secondary  Tumour 
in  tlie  Heart.  Figure  to  left  (ISS  diam.)  shows 
the  different  degree.s  of  pigmentation  and  variety  of 
.shape  in  the  different  cells.  Figure  to  right  (454 
diain.),  from  a  fresh  scraping,  illustrates  the  differ- 
ences in  the  size  of  the  pigment-granules. 


Fig.  393. — Melanotic  Sarcoma  of  Eye — 
natural  size.  The  eye  has  been  divided 
in  the  antero-posterior  diameter.  The 
tuuKiur  started  from  the  choroid  and 
afterwards  burst  through  the  sclerotic. 


The  tumour  is  composed  chiefly  of  peculiar  flattened  cells.  It  gives  rise  to  no 
symptoms,  except  in  infinitely  rare  cases. 

Sarcomatous  Blood-cysts,  or  Hsematomata. — Tumours  have  been 
fi'equently  described  under  the  name  of  "  blood-cysts,"  of  which  the  most 
characteristic  feature  is  the  presence  of  a  large  collection  of  fluid  or  partly 
coagulated  blood  in  a  cyst,  the  walls  of  which  are  imperfectly  defined.  -If 
the  blood  is  evacuated  by  puncture  or  incision,  free  hfemorrhage,  difiicult  to 
control,  or,  at  least,  speedy  re -accumulation  of  the  fluid,  is  the  only  result. 
If  seated  on  a  limb,  free  excision  of  the  cyst  and  its  contents,  or  amputation, 
was  justly  looked  upon  as  the  only  mode  of  treatment  holding  out  any  prospect 
of  success.  The  nature  of  these  tumours  was  not  well  understood  ;  it  has, 
however,  recently  been  shown  that  in  all  probability  they  are,  in  the  great 
majority  of  cases,  soft  sarcomata,  broken  down  by  hfemorrhage  into  then- 
structure.  The  walls  of  these  cysts  are  formed  of  a  thin  layer  of  sarcoma- 
tissue,  either  of  the  round  or  spindle-celled  variety.  A  very  interesting  case 
of  this  kind  came  under  my  care  in  University  College  Hospital  in  1874.  A 
healthy  man,  aged  40,  'had  noticed,  for  about  nine  months,  a  soft  swelling  on 
the  upper  and  outer  part  of  the  leg,  which  he  attributed  to  a  strain.  It 
fluctuated  distinctly  ;  and  when  I  first  saw  it,  a  dark  red  fluid  was  oozing 
from  two  discoloured  points.  It  was  altogether  about  three  inches  in  diameter, 
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and  of  a  dark  purple  colour.  It  had  previously  to  admission  been  treated, 
first  by  the  passage  of  a  seton,  and  secondly,  by  being  laid  open  and  dressed 
from  the  bottom  ;  which  latter  treatment  had  been  repeated  twice.  On  both 
occasions  it  was  reported  that  nothing  but  blood  escaped.  I  laid  the  tumour 
freely  open,  and  turned  out  a  large  quantity  of  what  was  apparently  ordinary 
blood-clot  and  then  dissected  away  the  cyst-wall.  The  supposed' blood-clot 
was  found,  on  microscopic  examination,  to  be  composed  of  a  mixture  of  the 
cells  of  a  round  and  spindle-celled  sarcoma,  with  coagulated  blood  (Fig.  394). 
The  wall  of  the  cyst  was  found  to  be  composed  of  pure  sarcomatous  tissue. 
The  growth  recurred  before  the  wound  was  completely  closed,  and  amputation 
at  the  knee-joint  was  performed,  the  patient  making  a  good  recovery. 

Mixed  Sarcomata. — Tumours  are  frequently  seen  which  combine  in  them- 
selves structures  properly  belonging  to  two  or  more  distinct  forms  of  growth. 
Several  of  these  have  been  already  mentioned.    Thus  the  growths  standing  on 

•the  doubtful  line  between  small-spindle-celled 
sarcoma  and  fibroma,  are  spoken  of  as  fibro- 
sarcomata.  In  very  rare  cases  some  of  the 
cells  of  a  sarcoma  may  develop  into  true  fat- 
ceUs  ;  we  have  then  the  Iqjo-sarcoma.  Occa- 
sionally large  tracts  of  a  tumour,  the  chief 
part  of  which  is  pm-ely  sarcomatous,  may 
undergo  mucous  softening,  and  the  cells  may 
be  more  or  less  stellate  or  brancbed,  as  in  a 
myxoma,  and  we  have  then  the  myxosarcoma. 
As  before  stated,  the  tissue  between  the  acini 
of  an  adenoma  may  present  exactly  the 
structure  of  a  spindle-celled  or  even  round- 
celled  sarcoma ;  these  tumours  are  then  some- 
times called  adeno-sarcoim.ta.  Lastly,  the 
stroma  of  a  cancer  may  be  composed  of  cells  like  those  of  a  large-spindle-ceLed 
sarcoma.  In  tumours  which  are  purely  sarcomatous  it  is,  moreover,  very  common 
to  find  a  mixture  of  the  various  kinds  of  cells  which  have  been  described  as 
characterizing  the  different  varieties  mentioned  in  the  preceding  pages. 

V.  TUMOURS  COMPOSED  OF  CELLS  OP  AN  EPITHELIAL  TYPE  ARRANGED  IN 
SPACES  IN  A  STROMA  CONSISTING  OP  MORE  OR  LESS  PERFECTLY 
DEVELOPED  FIBROUS  TISSUE. 

The  members  of  this  group  constitute  the  cancers  or  carcinomaia,  and  are 
uniformly  malignant  in  their  progi'ess. 

Cancer,  Carcinoma. — Before  proceeding  to  the  individual  growths  forming 
this  class,  it  will  be  desirable  to  say  a  few  words  upon  the  subject  of  cancer 
generally.  The  term  has  been  very  vaguely  appHed,  the  older  pathologists, 
placing  imder  this  class  all  growths  which  ijresented  a  malignant  aspect, 
intense  rapidity  of  growth  or  recurrence  after  removal ;  thus  all  malignant 
sarcomata  were  formerly  considered  to  be  cancers.  All  statistics  and  general 
statements  with  regard  to  "cancer"  which  date  back  beyond  1870  must 
therefore  be  taken  to  refer  to  malignant  tumours  in  general  and  not  to  what 
we  now  recognize  as  true  cancers. 

Although  the  various  forms  of  cancer  differ  greatly  from  each  other  in 


Fig.    394. — Mixed  Round  and  Spindle- 
celle.d  Sarcoma,  into  which  Hsemor- 
rhage  has  taken  place  (188  diani.). 
a.  Recent  Ha;mon'ha?e. 
6.  Blood-corpuscles  becoming  gi-an- 
ular. 


CARCINOMA— GENERAL  TYPE. 


1041 


structure,  they  all  possess  certain  features  in  common.  The  essential  element 
of  every  cancer  is  an  exuberant  growth  of  epithelium.  Every  exuberant 
growth  of  epithelium  is  not,  however,  a  cancer.  The  distinguishing  feature 
of  carcinoma  is  that  the  epithelium  no  longer  merely  covers  a  surface  or  lines 
the  acinus  of  a  gland  as  in  its  normal  state,  but  forces  its  way  into  deeper 
structures  or  surrounding  parts.  The  advancing  cells  form  bud-like  pro- 
cesses or  columns  which  communicate  with  each  other  by  lateral  branches. 
At  the  growing  edge  of  any  cancer  these  processes  of  cells  can  be  seen 
advancing  into  the  spaces  of  the  tissue  into  which  the  growth  is  spreading. 
The  pressure  of  the  new  growth  irritates  the  surrounding  tissues  to  such  a 
degree  that  they  become  infiltrated  with  small  round  cells.  These  have  all 
the  appearances  of  migrating  white  corpuscles,  but  it  is  not  impossible  that 
they  may  in  part  arise  from  multiplication  of  the  cells  of  the  connective 
tissue.  In  some  forms  of  cancer  in  which  the  epithelial  cells  are  small  and 
rounded,  it  is  not  easy  to  distinguish  the  young  epithelium  from  the  surround- 
ing small  round  cells,  and  thus  there  has  been  much  diversity  of  opinion  as  to 
the  histological  origin  of  cancer  ;  but  in  other  varieties,  as  the  squamous 
epithehoma,  the  different  forms  of  cells  are  easily  recognized,  and  in  these 
there  can  be  no  doubt  that  the  cancer-ceUs  arise  from  the  pre-existing  epithe- 
lium. If  we  examine  a  portion  of  a  cancerous  tumour,  in  which  the  structure 
is  fully  developed,  we  find  that  the  original  tissues  of  the  part  which  has  been 
invaded  by  the  growth  have  disappeared  during  the  process  of  small  round 
cell  infiltration,  and  that  a  new  connective  tissue  has  been  formed  which 
surrounds  the  branching  columns  of  epithelium-cells.  "We  have  thus  developed 
an  alveolar  stroma,  the  spaces  of  which  are  filled  with  cells  of  an  epithelial 
type,  and  this  forms  the  characteristic  structure  of  a  true  cancer.  As  in 
normal  glands  or  epithelium-covered  structures,  the  line  of  demarcation 
lietween  the  epithelium  and  the  stroma  is  sharply  defined  ;  the  cells  lie  closely 
in  contact  with  each  other  without  vessels  or  stroma  penetrating  between  them. 
They  are  but  loosely  connected  with  the  stroma  and  with  one  another,  and  in 
many  cases  are  separated  from  each  other  by  a  very  smaU  quantity  of  fluid. 
If  a  thin  section  of  a  cancer  be  gently  brushed  under  water  with  a  camel's 
hair  pencil,  or  shaken  in  a  test-tube  half  full  of  water,  the  cells  may  be  washed 
away  and  the  stroma  left.  Its  alveolar  nature  will  then  be  distinctly  apparent, 
and  the  fibrous  stroma  will  be  seen  to  bound  spaces  which  by  their  communi- 
cation form  a  cavernous  system. 

The  stroma  is  composed  of  coarse  fibres,  sometimes  almost  hyaline  in 
appearance.  Between  the  fibres  are  flattened  or  elongated  cells,  like  ordinary 
connective  tissue  corpuscles.  In  some  cases  it  is  less  perfectly  developed,  and 
may  contain  numerous  small  round  cells,  or  even  be. composed  almost  entirely 
of  spindle  cells.  The  vessels  traverse  the  stroma  in  all  directions.  They 
vary  much  in  number  and  size.  In  some  very  rare  forms  of  cancer  they  are 
so  abundant  that  the  whole  growth  may  pulsate  ;  in  others  they  are  compara- 
tively scanty.  In  all  cancers  as  the  growth  advances  the  vascular  supply 
becomes  insufficient  to  maintain  the  vitality  of  the  central  parts  of  the  tumour, 
and  fatty  degeneration,  first  of  the  cells  and  subsequently  of  the  stroma,  takes 
place.  If  the  tumour  is  superficial  the  tissues  break  down,  and  ulceration  results. 

The  process  above  described  is  now  generally  acknowledged  to  be  that  by 
which  cancer  arises  and  spreads.  It  was  first  clearly  described  by  Thiersch 
and  Waldeyer.    It  explains  the  fact,  now  wcfl  recognized  by  pathologists,  that 
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primary  cancer  never  arises  except  in  connection  with  pre-existinf,'  epithelium. 
The  theories  of  Virchow  and  Classen,  which  attributed  the  origin  of  cancer  to 
the  connective  tissue  corpuscles  and  to  migrated  white  corpuscles  respectively, 
are  now  practically  abandoned,  as  also  is  that  of  Kiister,  Avho  believed  cancer 
cells  to  be  derived  froni  the  endothelium  of  lymph-spaces.  It  is  believed, 
however,  that  Koster  was  correct  in  stating  that  the  branching  columns  of 
cells  do  really  lie  in  the  lymph-spaces.  The  proHferating  epithelium,  having 
burst  through  the  wall  of  the  acinus  when  the  disease  commences  in  a 
gland  or  forced  its  way  into  the  deeper  parts  when  it  starts  from  a  surface, 
enters  the  lymph-spaces  and  grows  into  them.  This  view  is  confirmed  by  the 
general  arrangement  of  the  epithelial  columns,  and  Waldeyer  believes  that  he 
has  demonstrated  lymphatic  endothelium  lying  on  the  surface  of  the  advancing 
processes  of  epithelium.  It  also  explains  the  great  readiness  with  which  cancer 
infects  the  lymphatic  glands. 

The  cells  of  a  cancer  always  more  or  less  accurately  resemble  those  of  the 
noi-mal  epithehum  of  the  part  from  which  the  primary  tmnour  springs.  Thus 
the  cells  of  cancer  of  glandular  organs  belong  to  the  type  of  spheroidal  oi- 
glandular  epithelium  ;  those  of  the  skin-  are  squamous,  and  those  of  the  intes- 
tine columnar.  In  rapidly  growing  cancers  or  secondary  growths  the  cells 
may  show  a  tendency  to  revert  to  the  primitive  type  of  epithelium,  a  simple 
rounded  or  irregular  cell  with  a  large  oval  nucleus.  Thus  the  cells  of  a 
rapidly  growing  squamous  carcinoma  may  be  oval,  or  even  rounded,  and  show 
but  little  flattening,  or  in  a  columnar  carcinoma  they  may  be  shorter  and 
oval  and  lose  their  wedge-shaped  form.  Still,  in  the  gi-eat  majority  of  cases, 
there  is  no  difiiculty  in  recognizing  the  type  to  which  the  ceU  belongs.  In 
other  cases  the  cells  may  be  larger  and  show  a  more  exuberant  growth  than 
the  normal  epithelium,  but  their  general  characters  remain  the  same.  The 
old  idea  that  there  existed  a  peculiar  specific  "  cancer-cell  "  is  now  completely 
abandoned,  and  it  is  universally  recognized  that  no  certain  opinion  can  be 
pronounced  as  to  the  cancerous  nature  of  a  tumour  without  a  careful  exami- 
nation, not  of  the  cells  only,  but  of  the  stroma,  and  of  the  relation  of  the 
cells  to  the  stroma.  The  cells  of  all  cancers  are  prone  to  early  fatty  degenera- 
tion.   In  some  forms  they  undergo  a  colloid  change. 

Varieties  of  Cancer,— Cancers  are  classified  primarily  according  to  the 
variety  of  epithelium  that  enters  into  their  composition,  and  certain  sub- 
di  visions  ai'e  made  according  to  the  modifications  in  the  stroma  or  in  the 
mode  of  growth  of  the  tumour.  The  following  classification  is  that  usually 
adopted  : — 

1.  Cancers  the  cells  of  which  are  derived  fi*om  glandular  or  spheroidal 
epithelium.    Spheroidal  or  (jlandvlar  carcinoma. 

a.  With  abundant  dense  stroma.    Scirrhus,  or  scirrhous  cancer. 

h.  With  a  small  proportion  of  stroma  forming  large  alveolar  spaces. 

Medullary,  Enceplialoid,  or  Soft  Gamer. 
■  c.  One  of  the  above  forms  {a  or  i),  with  colloid  degeneration  of  the  cells. 

Colloid  Cancer. 

2.  Cancers  the  cells  of  which  are  derived  from  squamous  or  stratified 
epithelium.    Squamous  Carcinoma  or  Squamous  Epithelioma. 

3.  Cancers  the  cells  of  which  are  derived  from  columnar  epithelium. 
Columnar  carcinoma  or  Columnar  Epithelioma  ;  sometimes  also  called  inaccu- 
rately Adenoid  Cancer, 
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The  above  form  the  typical  and  universally  recognised  varieties  of  cancer. 
There  are,  however,  two  other  morbid  growths  which  must  be  included  in  the 
same  class  ;  thyroid  cancer  and  rodent  cancer,  or  as  it  is  more  commonly  called 
rodent  ulcer. 

Thyroid  cancer  is  an  extremely  rare  malignant  growth,  commencing  in  the 
thyroid  body  and  closely  resembling  the  normal  gland-tissue  in  structure.  It 
gives  rise  to  secondary  growths  in  the  lymphatic  glands,  the  lungs,  and  the 
bones,  accurately  repeating  the  structure  of  the  primary  growth.  (See  Diseases 
of -the  Thyi'oid  Body,  Vol.  II.,  Chap.  LV.)  Its  general  malignancy  forms  the 
most  marked  feature  of  the  disease. 

Rodent  Cancer  or  Ulcer  is  a  cancer  in  structure,  being  composed  of  columns 
of  epithelial  cells  in  a  very  imperfectly  developed  stroma,  hke  a  true  car- 
cinoma. Its  malignancy  is,  however,  purely  local,  and  although  it  slowly 
invades  and  destroys  every  structure  with  which  it  comes  in  contact,  it 
never  gives  rise  to  any  secondary  growths.  (See  Rodent  Ulcer,  Vol.  II., 
Chap.  XXXVII.) 

The  special  clinical  and  pathological  features  of  the  various  forms  "wdll  be 
considered  after  the  genera  facts  which  are  common  to  all  varieties. 

Secondary  Cancerous  Growths. — The  most  marked  feature  of  a  cancer 
is  its  tendency  to  give  rise  to  secondary  growths  of  a  similar  nature  in  various 
parts  of  the  body.  These  may  occur  in  three  situations.  First,  in  the 
lymphatic  glands  which  receive  the  lymph  from  the  aft'ected  part ;  secondly, 
iu  the  ceUular  tissue  in  the  immediate  neighbourhood  of  the  gi-owth  ;  and 
thirdly,  in  distant  parts,  especially  in  internal  organs.  The  secondary  growths 
always  resemble  the  primary  growth  in  structure.  The  secondary  tumours 
ft-om  a  glandular  cancer  contain  glandular  epithelium,  those  from  a  squamous 
epithelioma,  squamous  epithelium,  and  those  from  a  columnar  epithelioma, 
columnar  epithelium.  The  epithehum  may  be  slightly  modified  from  growing 
in  a  situation  where  it  is  far  less  exposed  to  surrounding  pressure,  or  more 
abundantly  supplied  with  blood,  but  its  general  characters  always  remain  the 
same.  In  like  manner  the  stroma  of  the  secondary  growth  may  be  less  abun- 
dant than  that  of  the  primary,  and  may  thus  cause  some  modification  in  the 
consistence  of  the  tumour ;  but  the  broad  fact  remains — that  the  secondary 
tumours  are  of  the  same  structure  as  the  primary. 

The  mode  of  origin  of  the  secondary  tumours  has  given  rise  to  much 
diversity  of  opinion.  The  view  now  usually  accepted  is  that  the  secondary 
growths  arise  from  the  entrance  of  the  cells  of  the  cancer  into  the  lymphatics 
or  blood-vessels,  by  which  they  are  carried  to  distant  parts,  and  there  lodging 
develop  into  tumours  of  the  same  nature  as  that  from  which  they  sprung. 
According  to  this  theory,  the  cells  of  the  new  tumour  are  the  descendants 
of  the  original  cell  which  started  fi-onj  the  primary  growth.  Simon, 
Creighton,  and  others  beheve  that  the  new  growth  arises  from  the  cells 
of  the  part  in  which  the  cancer-cell  has  lodged,  and  upon  which  it  exerts 
what  they  term  a  "  spermatic  influence."  Whether  this  be  so  or  not  it  is 
impossible  to  determine.  The  view  of  the  direct  transference  of  the  cells 
of  the  tumour  to  different  parts  of  the  Jjody  is  known  as  the  imjjlantation 
theory.  Opposed  to  it  is  the  infect/ion  theory,  according  to  which  the  system 
is  poisoned  by  the  juices  of  the  primary  growth.  There  is  yet  another 
theory  maintained  by  those  who  believe  cancer  to  be  a  primary  "disease 
of  the  blood,"  of  which  the  tumour  is  merely  the  local  manifestation. 
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Those  who  hold  this  view  beh'cve  that  the  secondary  growtlis  are  merely  a 
further  effect  of  the  constitutional  condition  from  which  the  primary  growth 
originated.  Tlius  Paget  is  of  opinion  that  in  some  cases,  in  which  a  rapid 
multiplication  of  cancers  takes  place,  this  may  arise  from  an  increase  in  the 
cancerous  diathesis  or  morbid  condition  of  the  blood.  But  he  beheves  that  in 
most  of  these  cases  there  has  been  a  conveyance  of  cancerous  material  by  the 
blood,  in  the  form  of  emboli,  which  have  determined  the  local  seat  of  the 
secondary  growth  ;  and  he  supports  this  view  by  referring  to  the  analogy 
pointed  out  by  Walshe  as  existing  between  the  secondary  deposits  in  cancer 
and  the  secondary  abscesses  in  pyasmia ;  the  liver  and  lungs  in  both  cases  being 
principally  affected.  He,  however,  thinks  that  it  is  not  necessary  to  suppos- 
that  entire  cancer-cells  are  thus  transferred  ;  cancer-juice,  or  minute  fragments 
of  cancer-plasma,  may  be  as  efficient  as  entire  cells.  Virchow  considers  that 
the  fact  that  the  secondary  deposit  does  not  necessarily  occur  in  the  organ 
through  which  the  blood  must  first  pass,  militates  against  the  theory  that 
cancer-cells  are  carried  onward  by  the  circulation,  and  become  impacted  in  the 
smaller  vessels  of  the  part,  in  the  manner  of  emboli.  He  inclines  to  the 
belief  that  the  cancerous  juices  are  absorbed  and  enter  the  circulation  either 
directly  by  the  veins  or  indirectly  through  the  lymphatics,  and  that  they  gi\  e 
rise  to  changes  in  the  nutrition  of  certain  parts,  leading  to  the  development 
of  cancerous  growths. 

In  favour  of  the  simple  transplantation  theory  is  the  important  fact  that  in 
the  secondary  growths  epithelium  arises  in  situations  in  which  it  is  not  normally 
present  as  in  the  lymphatic  glands  and  bones  ;  and  when  the  growth  is  situated 
in  an  organ  in  which  epithelium  is  normally  present,  as  in  the  liver  or  kidney, 
the  cells  of  the  new  growth  are  not  those  natm-al  to  the  organ,  but  correspond 
to  those  of  the  primary  cancer.  Thus  the  tumours  in  the  liver  secondaiy  to 
cancer  of  the  great  intestine  have  shown  distinct  evidence  of  their  origin  in 
being  composed  of  a  structure  resembling  in  appearance  the  crypts  of  Lieber- 
kiihn.  That  the  cells  may  pass  along  the  lymphatics  is  sometimes  shown  by 
finding  lymphatic  vessels  distended  with  nodules  of  cancerous  growth.  It 
is  difficult  to  imagine  juice  or  granular  debris  which  could  cause  the  develop- 
ment of  glandular  epithelimn  in  bone  or  columnar  epithehum  in  the 
liver. 

The  fact  that  the  secondary  growths  do  not  invariably  arise  directly  in  the 
course  of  the  lymph  or  blood-stream,  as  for  instance  when  secondary  tiunours 
are  found  in  the  liver  or  bones  and  not  in  the  lung,  may  be  explained  b}' 
supposing  that  the  transplanted  cells  do  not  grow  with  equal  facility  in  all 
structures.  The  experiments  of  transplantation  of  one  kind  of  tissue  into 
another,  as  of  periosteum  into  the  subctitaneous  tissue,  have  shown  that 
although  it  may  grow  for  a  time,  it  eventually  perishes  and  is  absorbed.  In  the 
same  way,  up  to  the  present  time,  no  success  has  been  met  with  in  the  efforts 
to  transplant  cancer  from  a  diseased  animal  to  a  healthy  one  of  the  same 
si)ecies.  This  power  shown  by  a  tissue  of  resisting  the  growth  of  a  foreign 
structure  within  it  is  called  by  Cohnhcim  ihfi  physiological  jioivcr  of  resisiancr 
of  the  tissues.  Cohnheim  therefore  explains  the  failure  in  the  attempts  to  in- 
oculate cancer  by  sujiposing  that  the  physiological  resistance  of  the  tissues  to 
the  growth  of  the  foreign  structure  is  in  the  normal  state  sufficient  to  prevent 
the  development  of  the  transplanted  cells.  He  assumes  that  in  cancerous 
subjects  the  resisting  power  is  diminished,  possibly  in  consequence  of  the 


CLINICAL  HISTORY  OF  CANCER.  1045 


poisoning  of  the  system  from  the  primary  gi-ovvth,  or  as  a  part  of  some  con- 
stitutional condition  which  predisposed  to  the  development  of  the  original 
tumour,  and  that  this  plays  as  important  a  part  in  the  development  of  secondary 
o-rowths  as  the  transplantation  of  cells.  Against  the  theory  that  the  secondary 
growths  are  entirely  the  result  of  some  constitutional  condition  which  gives 
rise  also  to  the  primary  growth  it  may  be  urged  that,  if  this  were  the  case, 
the  secondary  tumours  would  appear  in  the  favourite  seats  of  the  primary 
-growth,  and  that  each  tissue  should  produce  the  form  of  cancer  natural 
to  itself,  which,  as  we  have  seen,  is  the  reverse  of  that  which  really 
occurs. 

Some  forms  of  cancer  show  a  much  greater  power  of  reproduction  than 
others.  Thus  glandular  cancers  recur  rapidly  throughout  the  body,  while 
squamous  carcinoma  seldom  infects  beyond  the  nearest  lymphatic  glands. 
Whatever  may  be  the  exact  mode  of  formation  of  the  secondary  growths,  the 
lialance  of  evidence  may  be  said  to  be  greatly  in  favour  of  some  form  of  the 
transplantation  theory,  and  therefore  we  may  hope  that,  if  the  tumour  could 
l^e  removed  sufficiently  early,  dissemination  of  the  disease  might  be  pre- 
\-ented.  The  theories  here  put  forward  with  regard  to  cancer  apply  equally 
to  the  malignant  sarcomata. 

Generar  Clinical  History  of  Cancer.— All  forms  of  cancer  present 
numerous  points  of  resemblance  in  their  progress.    When  once  formed,  the 
tumour  continues  progressively  to  increase  in  size,  with  a  degree  of  rapidity, 
and  to  an  extent,  that  vary  according  to  its  kind.    Its  growth  is  usually 
accompanied  by  pain,  varying  with  the  situation  of  the  tumour  and  its 
variety.    When  the  tumour  has  reached  a  certain  size,  the  process  of  decay 
commences  in  the  central  parts,  while  growth  continues  at  the  circumference. 
The  mass  softens  at  some  point,  the  skin  covering  which  becomes  duskily 
inflamed  and  ulcerated,  and  an  irregular  sloughy  aperture  forms,  through 
which  the  dehris  of  the  mass  are  eliminated  in  an  ichorous  or  sanious  fluid, 
having  often  the  peculiar  foetid  smell  usually  accompanying  the  putrefaction  of 
epithelium.    The  ulcer  then  rather  rapidly  increases,  with  raised  and  everted 
edges,  a  hard  and  knobby,  or  soft  and  f ungating  surface,  and  the  discharge  of 
a  dark  fluid,  often  attended  with  heemorrhage,  and  occasionally  with  sloughing 
of  portions  of  the  mass  at  an  early  period.    The  pain  in  the  tumour  usually 
Ijecomes  more  severe  during  ulceration.    The  lymphatic  glands  are  affected 
I     most  commonly  at  an  early  period  in  the  case,  but  sometimes  not  until  after 
I     ulceration  of  the  cancer  has  commenced.    In  external  cancers,  such  as  come 
I     under  the  care  of  the  Surgeon,  the  general  health  as  a  rule  sufi'ers  but  little 
I     until  the  presence  of  the  foul  ulcerating  sore  gives  rise  to  chronic  septic 
[     poisoning,  or  to  exliaustion  from  pain  and  want  of  rest,  and  sometimes  also 
I     from  loss  of  blood.    In  fact  at  the  time  the  patient  first  presents  himself  he  is 
I     often  in  the  rudest  health  except  for  the  local  disease.    In  cancers  of  internal 
)     organs,  and  in  the  later  stages  of  external  cancers  when  secondary  internal 
growths  have  formed,  the  general  health  becomes  gravely  affected,  and  the 
condition  known  as  the  cancerous  cachexy  is  developed.    In  this  cachexy  the 
countenance  is  peculiarly  pale,  drawn,  and  sallow,  so  that  the  patient  has  a 
very  anxious  and  care-worn  look.    The  general  surface  of  the  body  commonly 
acquires  an  earthy  or  yellowish  tint,  and  not  unfrequently  large  spots  of 
>      chloasma  make  their  appearance  on  various  parts  of  it ;  the  appetite  is  im- 
[      paired,  the  voice  enfeebled,  the  muscular  strength  greatly  diminished,  and  the 
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pulse  weak.  The  patient  complains  of  pains  in  the  limbs,  of  lassitude,  and  of 
inability  for  exertion,  and  he  emaciates  rapidly  ;  and  at  last  dies  from  exliaus- 
tion,  induced  by  the  conjoined  eifects  of  weakening  discharges,  general  debility 
and  pam.  Various  views  have  been  held  concerning  the  nature  of  this  can- 
cerous cachexia.  It  has  been  assumed  that  it  is  an  indication  of  a  constitu- 
tional condition  or  blood-disease  of  which  the  tumour  is  merely  a  local 
manifestation.  It  has  been  also  suggested  that  it  may  be  due  to  the  entrance 
into  the  blood-stream  of  some  noxious  material  generated  in  the  cancerous 
growth  ;  and  lastly,  that  it  is  merely  the  eflPect  of  the  pain  of  the  tumour,  the 
want  of  rest,  the  exhausting  discharges,  and  the  implication  of  important  in- 
ternal organs  by  secondary  growths.  The  first  theory  is  negatived  by  the  fact 
that  cachexia  is  certainly  wanting  in  the  early  stages  of  all  external  cancers, 
and  m  squamous  cancer  is  often  absent  till  near  the  end  of  the  case.  The 
second  theory  is  a  pure  hypothesis  ;  and  the  last  is  therefore  that  which  seems 
most  worthy  of  acceptance. 

Causes.— The  causes  of  cancer,  as  of  all  other  diseases,  may  be  divided 
into  two  great  classes,  viz. :  the  constitutional  or  predisposing,  and  the  local 
or  exciting. 

As  far  as  the  constitutional  or  predisposing  causes  are  concerned,  it  may  be 
said  that  it  is  difficult  to  connect  any  distinct  or  recognizable  constitutional 
condition  with  a  tendency  to  this  disease.  Cancer  commonly  shows  itself  in 
persons  apparently  in  perfect  health,  of  florid  complexion,  robust  habit  of  body, 
with  every  aspect  of  health  and  sign  of  strength. 

The  liereditariness  of  cancer  has,  however,  been  established  beyond  a  doubt. 
Velpeau  states,  as  the  result  of  his  researches,  that  it  is  traceable  hereditarily 
in  one-third  of  the  cases.  Paget,  amongst  hospital  patients,  found  evidence  of 
hereditariness  in  about  1  in  6,  but  amongst  private  patients,  whose  family  his- 
tories are  better  known,  it  amounted  to  1  in  3  ;  thus  agreeing  with  Velpeau's 
estimate. 

The  hereditary  tendency  is  in  some  cases  not  only  to  cancer  generally,  but 
to  the  same  form  of  cancer.  Thus,  Paget  records  a  case  in  which  three  genera- 
tions were  affected  by  uterine  cancer.  Sibley  records  an  instance  in  which  a 
mother  and  five  daughters  suffered  from  cancer  of  the.  left  breast.  It  is  not. 
however,  by  any  means  always  so.  Paget  states  that  it  is  only  in  about  one 
half  of  the  cases  of  hereditary  cancer  that  it  is  thus  transmitted,  and  then 
almost  exclusively  in  the  breast  and  uterus.  He  relates  one  striking  instance 
of  the  opposite  mode  of  transmission.  A  lady  died  of  cancer  of  the  stomach  ; 
one  of  her  daughters  died  of  cancer  of  the  stomach,  another  of  cancer  of  the 
breast ;  and  of  her  grandchildren,  two  died  of  cancer  of  the  breast,  two  of 
cancer  of  the  uterus,  one  of  cancer  of  the  bladder,  one  of  "  cancer  of  the  axillary 
glands,"  one  of  cancer  of  the  stomach,  and  one  of  cancer  of  the  rectum.  The 
hereditary  tendency  transmitted  from  parent  to  offspring  would  seem  therefore 
to  be  not  purely  local,  as  in  the  case  of  a  peculiar  feature,  a  fifth  finger,  or  the 
like,  but  to  affect  the  whole  of  the  epithelial  tissues,  the  peculiar  spot  at  which 
the  cancer  appears  being  dependent  on  local  causes  usually  unknown.  Admit- 
ting the  hereditary  nature  of  cancer  to  the  fullest  extent,  however,  it  still  leaves 
two-thirds  of  the  cases  unaccounted  for. 

Age  exercises  a  marked  influence  on  the  occurrence  of  cancer,  both  as  to  its 
frequency  and  its  mode  of  growth.  The  statistics  published  before  3870  in 
this  country,  and  perhaps  a  few  years  earlier  in  Germany,  camiot  be  relied  upon 
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as  giving  a  just  notion  of  the  influence  of  age  on  the  occurrence  of  true  cancer. 
Before  that  time  all  soft  rapidly  growing  sarcomata  were  described  as  cancers. 
The  malignant  glioma  of  the  eyeball,  and  sarcomatous  tumours  of  the  testicle 
and  bone,  being  formerly  classed  as  encephaloid  cancer,  that  disease  was  said 
not  to  be  uncommon  in  children.    Now  that  these  are  excluded,  all  forms  of 
cancer  may  be  said  to  be  almost  unknown  under  20.    Gurlt,  who  possesses  the 
patience  and  industry  necessary  for  the  collection  of  statistics  to  a  degree 
rarely  if  ever  equalled,  has  obtained  from  various  sources  the  records  of  16,600 
cases  of  tmnours  of  all  kinds.    Of  these,  11,131  were  cancers.    In  4,769  cases 
of  cancer,  of  which  the  age  is  recorded,  only  0.4  per  cent,  occurred  under  the  age 
of  20.    As  some  of  the  statistics  extend  back  to  the  year  1855,  it  is  possible 
that  even  this  number  is  in  excess  of  the  truth.  In  the  opposite  extreme  of  Ufe 
there  is  no  limit  to  the  age  at  which  cancer  may  occur.    According  to  Walshc 
the  proportion  of  deaths  from  cancer  per  thousand  living  at  each  age  increases 
steadily  up  to  80.    Gurlt  shows  that  the  absolute  frequency  of  cancer  reaches 
its  maximum  between  41  and  50,  31.68  per  cent,  of  all  cases  occurring  between 
those  ages.    Age  influences  also  the  liability  to  cancer  in  special  organs. 
Thus,  in  extreme  old  age  cancer  of  the  breast  is  less  common  than  in  younger 
women,  while  old  men  are  more  liable  to  cancer  of  the  bladder  and  prostate, 
and  to  squamous  cancer  of  the  hp.   Thus,  Walshe  states  that  proportionally  to 
the  number  living,  cancer  is  more  common  in  men  than  in  women  after  80. 
Sibley  states  that  the  average  age  of  patients  with  uterine  cancer  is  43,  and 
with  mammary  48  years.  The  age  of  the  patient  exerts  a  considerable  influence 
on  the  rate  of  growth  and  malignancy  of  the  tumour.    As  a  rule,  the  younger 
the  patient,  the  more  rapidly  does  the  tumour  grow,  the  earlier  does  it  afiect 
the  lymphatic  glands,  and  the  more  widely  disseminated  are  the  secondary 
growths.    This  rule  has,  however,  many  exceptions. 

Mental  Emotions  of  a  depressing  character,  if  long-continued  or  frequently 
repeated,  may  possibly  predispose  to  the  occurrence  of  cancer.  I  have  seen 
so  many  cases  of  cancer,  more  particularly  of  the  abdominal  organs,  in  in- 
dividuals who  have  suft'ered  much  from  grief,  anxiety,  or  harass  of  mind 
for  years  before  the  development  of  the  malignant  disease,  that,  although 
the  doctrine  is  incapable  of  proof,  I  cannot  but  look  upon  it  as  probable, 
that  the  cancer  was  the  result  of  the  antecedent  long-continued  mental  dis- 
quietude. "We  know,  by  every-day  experience,  that  functional  derangement 
of  the  abdominal  and  pelvic  organs  of  the  most  inveterate  character  may 
be  occasioned  by  mental  disturbance  ;  and  it  appears  to  me  not  improbable, 
that  such  functional  derangement  may  at  last  lead  to  perversion  of  nutrition, 
terminating  in  malignant  growth  in  such  organs,  as  the  uterus,  the  Hver  or 
the  stomach,  as  are  more  readily  influenced  by  the  condition  of  the  patient's 
mind. 

Sex. — The  influence  of  sex  is  well  marked,  not  only  in  the  absolute  fi-equency 
of  cancer,  but  in  its  occurrence  in  organs  that  are  special  to  each  sex.  Cancer 
is  absolutely  far  more  frequently  met  with  in  women  than  in  men,  simply 
because  cancers  of  the  uterus  and  mamma  constitute  by  far  the  largest  pro- 
portion of  these  diseases,  being  infinitely  more  common  than  cancers  of  the 
male  organs.  But  when  we  come  to  cancers  of  organs  that  are  common  to 
both  sexes,  as  the  tongue,  the  lip,  the  intestinal  tract,  &c.,  we  shall,  I  think, 
find  that  they  are  more  frequent  in  men  than  in  women  ;  tlie  difference,  how- 
ever, not  being  sufficient  to  counterbalance  the  preponderance  in  the  female 
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reproductive  organs.  Von  Winiwarter  states,  that  in  Billroth's  hospital  and 
private  practice  from  1807  to  187  G,  278  cases  of  cancer  of  the  skin  and  mucous 
membrane  of  the  face  and  mouth  came  under  observation.  Of  these  220  were 
men,  and  52  women. 

The  Exciting  causes  of  cancer  arc  of  two  kinds  ;  direct  external  violence,  or 
long-continued  irritation  of  a  part. 

A  blow  on,  or  other  Injury  of  a  part,  often  appears  to  be  the  direct  detei-- 
mining  cause  of  the  development  of  a  primary  cancer.  8cirrhus  of  the 
mamma  is  commonly  attributed  by  the  sulferer  to  the  infliction  of  an  injurv. 
Long-continued  irritation  of  a  part  also  may  cause  a  cancer  to  develop.  This 
is  a  matter  of  every-day  observation  in  the  development  of  cancer  of  the  tongue 
from  the  persistent  irritation  of  a  broken  or  jagged  tooth,  or  the  production 
of  cancer  of  the  lip  by  the  constant  use  of  an  uniDrotected  clay-pipe.  But, 
perhaps,  the  best  marked  instance  of  the  production  of  this  form  of  cancer,  is 
that  of  the  cancer  of  the  scrotum  in  chimney-sweeps,  developed  by  the  in-i'ta- 
tion  of  the  soot  lodged  in  the  rug^— a  form  of  disease  which  is  now  very 
rarely  met  with.  Lawson  attributes  this  to  the  fact  that  formerly  soot  fetched 
a  high  price,  and  was  always  sifted  to  free  it  from  particles  of  mortar  before  it 
was  sold.  This  sifting  was  hard  work,  and  the  motion  of  the  body  during  the 
process  caused  considerable  friction  of  the  scrotum  against  the  trousers."  and 
this,  combined  with  the  irritation  of  the  mixed  soot  and  perspiration,  seems  to 
have  been  the  determining  cause  of  the  growth  of  the  cancer.  Now  that  soot 
is  of  little  value  it  no  longer  pays  to  sift  it,  and  consequently  chimney-sweep'^: 
cancer  has  almost  disappeared.  It  is  a  strong  argument  in  favour  of  the 
theory  of  the  local  origin  of  cancer,  that  a  form  of  the  disease  should  cease  to 
appear  on  the  removal  of  the  source  of  local  irritation  that  produced  it. 

But  local  irritation  is  more  likely  to  produce  cancer  if  it  be  applied  to  a  part 
that  has  already  been  for  some  time  the  seat  of  structui-al  epithelial  change. 
Thus,  in  a  common  wart,  mole,  or  cicatrix,  cancerous  growths  are  very  apt  to 
develop  under  the  influence  of  persistent  nritation. 

Every  part  of  the  body  in  which  epithehum  (as  distinguished  from  endo- 
thelium) is  naturally  present  is  liable  to  become  the  seat  of  cancer.  But 
it  occurs  more  frequently  in  some  parts  than  in  others.  In  the  female  it  is 
most  common  in  the  mamma  and  uterus  ;  in  the  male  epithelioma  of  the  lips, 
tongue  and  penis  is  the  most  common  form  of  the  disease.  In  the  alimentary 
canal  it  is  most  common  at  the  narrowest  parts  which  presumably  are  most 
exposed  to  mechanical  injury.  Thus  commencing  at  the  mouth  we  find  the 
common  situations  of  cancer  are,  the  lips,  the  tongue,  the  fauces,  the  oesopha- 
gus at  the  back  of  the  larynx,  the  cardiac  orifice  and  the  pylorus.  Then 
follows  the  small  intestine  in  which  the  contents  are  fluid  and  the  diameter 
almost  uniform,  and  here  cancer  is  extremely  rare.  It  is  less  rare  at  the  ileo- 
colic valve,  and  becomes  common  at  the  sigmoid  flexure,  which  is  the  nan-owest 
part  of  the  great  gut  and  contains  solid  fa3ces.  In  the  rectum  it  occurs 
usually  where  the  gut  is  slightly  narrowed  as  it  passes  through  the  recto-vesical 
fascia,  and  finally  it  is  common  at  the  anus.  The  form  of  cancer  met  with  in 
all  these  places  is  dependent  on  the  epithelium  normal  to  the  part.  As  far  as 
the  cardiac  orifice  it  is  squamous,  at  the  cardiac  orifice  it  is  usually  one 
form  of  glandular  cancer,  at  the  pylorus  and  as  far  as  the  anus  it  is  columnar, 
and  at  the  anus  it  is  again  squamous.  It  has  been  observed  that  in  those 
organs  which  have  an  intermittent  functional  activity,  cancer  is  more  frequent 
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than  in  others,  and  in  them  it  is  especially  apt  to  occur  at  the  periods  of 
commencing  senile  degeneracy. 

The  Geographical  Distrihution  of  Cancer  is  a  most  interesting  and 
important  element  in  the  problem  of  its  origin,  and  by  a  closer  study  of  it 
than  has  hitherto  been  made,  I  believe  that  much  hght  may  be  thrown  on  this. 

Cancer  appears  to  be  a  disease  favoured  by,  if  not  actually  dependent  on,  the 
aggTegation  of  individuals  under  the  influence  of  an  advanced  civilization. 
Amongst  savage  tribes,  as  amongst  wild  animals,  it  is  unknown.  In  the  great 
centres  of  civilization,  as  amongst  domesticated  animals,  it  abounds. 

Cancer  is  said  to  be  unknown  in  the  frigid  zone.  The  Esquimaux  in  the 
Western,  and  the  Samoieds  and  other  migratory  tribes  in  the  Eastern  hemi- 
sphere, are  equally  exempt  from  it.  It  is  rare  in  the  tropics  generally,  but 
McLeod,  of  Calcutta,  informs  me  that  it  is  far  from  uncommon  in  India.  Cancer 
is  certainly  more  common  in  Europe  than  in  any  other  part  of  the  civilized 
world.  In  some  parts  of  the  United  States  of  America  and  in  China  also 
it  appears  to  be  of  frequent  occurrence,  whilst  in  South  America,  in  Africa 
(except  Egypt),  and  in  the  greater  part  of  Asia,  it  is  not  common. 

Haviland  has  obtained  very  important  results  from  the  investigations  of  the 
tables  of  mortality  of  this  country,  with  regard  to  the  distribution  of  cancer 
in  Great  Britain  ;  and  his  investigations  appear  to  lead  to  the  conclusion,  that 
geological  formation,  soil,  and  resulting  endemic  conditions  exercise  a  marked 
influence  on  the  development  of  the  disease.  He  finds,  with  regard  to  England, 
that  cancer  is  most  common  in  the  western  and  north-western  parts  of  the 
kingdom,  including  Wales  ;  and  that  generally  throughout  the  more  elevated 
midland  and  southern  districts  it  is  not  common.    It  is  less  frequent  on  the 
older  geological  formations,  towards  the  sources  of  rivers,  and  in  dry  well- 
drained  districts.    He  points  out,  on  the  other  hand,  that  the  sites  of  the 
great  cancer-fields  of  England  are  the  tertiary  formations  and  the  alluvial 
districts  ;  that  cancer  surrounds  the  course   of  the  great  rivers  after 
their  full  formation,  when  they  are  passing  through  valleys  and  low-lying 
lands  liable  to  floods  and  to  the  consequent  accumulation  of  alluvial  deposits. 
These  districts  are  also  the  most  densely  populated.    Hence  it  may  be  inferred 
that  density  of  population  favours  the  production  of  cancer,  and  that  where- 
ever  social  organization  is  highly  developed,  there  cancer  becomes  pro- 
portionately rife.    But  this  view  is  not  quite  borne  out  by  statistics.  Thus 
we  find  that  the  development  of  cancer  does  not  depend  on  mere  population 
as  the  mortality  from  cancer  in  Norwich  and  Great  Yannouth,  comparatively 
small  towns,  is  to  that  in  such  great  centres  of  population  as  Liverpool  and 
Manchester  as  141  to  84,  or  nearly  double  ;  that  in  Philadelphia  it  is  to  that 
in  the  much  larger  city  of  New  York  as  1 5  to  7,  or  more  than  double  ;  while 
in  Marylebone  it  is  very  far  higher  than  in  the  capital  of  Pennsylvania.  In 
these  conclusions  we  must  not,  however,  omit  to  take  into  account  the  increased 
tendency  to  hereditary  transmission  amongst  a  comparatively  settled  popula- 
tion, such  as  that  of  the  east  of  England. 

Is  Cancer  a  Disease  of  Constitutional  or  of  Iiocal  Origin?  This 
question  has  led  to  much  discussion  among  pathologists.  There  are  at  least 
three  distinct  theories  with  regard  to  the  origin  of  cancer,  a.  It  is  a  blood- 
disease.  1).  It  is  purely  local  in  its  origin,  c.  If  local  in  its  origin  it  can  only 
be  developed  in  a  constitution  that  is  fitted  in  some  way  for  its  formation  ; 
a  fitting  soil,  in  fact,  is  required  for  the  cancer  to  germinate  in. 
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We  will  consider  tliese  views  separately  ;  and  in  so  doing  I  may  obsei-ve  that 
it  will  be  extremely  difficult,  if  not  impossible,  to  separate  the  two  questions 
as  to  the  origin  and  development  of  cancer  from  one  another ;  for,  however 
essentially  they  may  be  distinct  and  separate,  they  blend  in  such  a  discussion 
as  this  in  an  almost  inextricable  manner. 

a.  That  cancer  is  a  blood-disease— a  disease  essentially  dependent  on  a 
morbid  state  of  the  blood — is  a  view  that  has  long  been  entertained  by  many. 
But,  in  truth,  this  doctrine  with  regard  to  the  origin  of  cancer  has  been  made 
to  include  two  distinct  propositions  ;  the  first  being,  that  the  blood  itself  is 
charged  witb  the  poison  of  cancer  which  is  ready  to  burst  forth  or  to  sprout 
out  in  any  part  of  the  body  on  the  application  of  the  necessary  local 
irritation  or  disturbance  ;  the  second,  that  "  blood-disease  "  and  "  constitu- 
tional disease"  are  synonymous  and  convertible  terms.    This  latter  is  un- 
doubtedly an  error.    It  is  quite  possible  to  understand  and  to  hold  the  view 
that  the  tissues  of  the  frame  are  imbued  with  a  cancerous  tendency,  without 
having  recourse  to  the  hypothesis  that  they  derive  this  from  the  blood.  The 
germinal  membrane  of  the  chick,  as  has  been  pointed  out  by  Sir  W.  Gull, 
takes  on  changes  antecedently  to,  and  independent  of,  the  formation  of  the 
blood.    And  so  we  may  take  it  as  possible  that  the  tissues  of  the  body  may 
inherently  possess  morbid  or  cancerous  prochvities,  independently  of  the  blood 
by  which  they  are  nourished.    But  if  by  blood-disease  be  meant  a  disease  in 
which  the  blood  actually  contains  the  cancer-cell,  as  the  blood  in  gout  does 
the  materies  morbi  of  that  disease — viz.,  uric  acid,  circulating  through  the 
body  and  capable  of  deposit  in  some  locahty  favourable  to  the  local  development 
of  the  malady — this  hypothesis  is  certainly  untenable.    There  is  no  evidence 
whatever,  histologically,  that  the  blood  of  any  individual  is  a  poison-bearing 
fluid,  and  has  a  cancerous  constitution  or  tendency,  or  that,  at  all  events  before 
the  primary  growth  has  developed  itself,  the  cancer-cell,  or  any  material 
capable  of  undergoing  cancerous  development,  is  met  with  in  the  blood.  Every 
phenomenon  that  occurs  in  connection  with  cancer  may  be  explained  without 
having  recourse  to  such  a  hypothesis  as  this,  which  has  not  a  particle  of 
pathological  observation  on  which  it  can  be  based.    But  if  the  doctrine  of 
cancer  being  a  blood-disease  is  untenable  in  the  sense  in  which  I  have  here 
stated  it,  the  same  cannot  at  once  be  said  in  the  way  of  its  being  primarily  a 
constitutional  affection  independently  of  the  blood. 

The  doctrine  of  the  constitutional  origin  of  cancer  may  be  more  clearly 
expressed  in  the  words  of  Paget.  "  Cancers  are  manifestations  of  certain 
specific  and  morbid  states  of  the  blood ;  and  in  them  are  incorporated  peculiar 
morbid  materials  which  accumulate  in  the  blood,  and  which  their  growth  may 
tend  to  increase."  "The  existence  of  the  moi-bid  material  in  the  blood,  whether 
in  the  rudimental  or  in  the  eflfective  state,  constitutes  the  general  predisposi- 
tion to  cancer  ;  it  is  that  which  is  by  some  called  the  predisposing  cause  of 
cancer.  The  morbid  material  is  the  essential  constituent  of  the  cancerous 
diathesis  or  constitution  ;  and  when  its  existence  produces  some  manifest  im- 
pairment of  the  general  health,  independently  of  the  cancerous  growth,  it 
makes  the  primary  cancerous  cachexia."  For  the  local  manifestation  of  this 
constitutional  disease,  the  part  where  it  is  developed  must  be  put  into  a  favour- 
able condition  by  irritation,  injury,  or  other  similar  cause.  The  blood-disease 
and  the  local  conditions  may  compensate  each  other ;  thus,  with  au  intense 
cancerous  diathesis,  tumours  may  be  formed  in  such  a  way  and  in  such 
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mimbers  as  to  be  apparently  independent  of  local  conditions ;  while  in  cases 
where  the  constitutional  element  exists  in  a  low  degree,  a  long  continuance  of 
irritation  may  be  required  to  bring  out  its  local  manifestations.  Paget  believes 
that  by  this  theory  of  compensation  the  opposing  views  as  to  the  local  or  con- 
stitutional origin  of  cancer  may  be  reconciled. 

b.  The  theory  as  to  the  local  origin  of  cancer  appears  to  be  more  generally 
adopted  by  Surgeons.  Velpeau,  Billroth,  De  Morgan,  all  support  or  incline 
towards  it.  The  arguments  on  which  it  is  based  may  briefly  be  summed  up 
as  follows,  and  they  are  certainly  sufficient  to  account  for  all  the  phenomena  of 
cancer ;  and  many  of  these  phenomena  do  not  admit  of  explanation  on  any 
other  theory. 

1.  Cancerous  tumours  spring  up  in  individuals  who  have  always  enjoyed 
perfect  health,  and  who  are  to  all  appearances  perfectly  well  at  the  time  of  the 
occurrence  of  the  disease.  As  in  these  cases  there  is  no  evidence  whatever  of 
constitutional  aflFection  of  any  kind,  it  would  be  a  begging  of  the  whole  ques- 
tion to  assert  that  the  existence  of  the  local  tumour  must  of  itself  be  taken  as 
an  indication  of  a  constitutional  cancerous  tendency. 

2.  Such  primary  tumours  are  always  single — no  primary  outbreak  of 
multiple  cancers  ever  occurs.  Primary  cancer  does  not  occur  at  the  same 
time  at  different  seats  of  election— as  the  mamma,  pylorus,  and  rectum,  as 
would  be  the  case  were  it  constitutional. 

3.  Cancers  are  not  unfrequently  the  result  of  some  local  injury  or  irritation. 
This  is  a  matter  of  daily  observation  in  the  lip,  the  tongue,  the  female 
breast,  &c. 

4.  The  general  health  does  not,  in  the  majority  of  cases,  suffer  until  some 
months  have  elapsed  ;  when,  after  the  lymphatics  or  glands  have  become 

'  impUcated,  or  the  neighbouring  tissues  invaded,  but  not  until  then,  signs  of 
cachexy  set  in.  In  many  cases  of  cancer,  especially  of  the  mamma,  the  health 
continues  excellent  for  many  months — a  year  or  two  even  after  the  disease  has 
declared  itself,  and  so  long  as  it  continues  to  be  confined  to  its  primary  seat. 
It  is  not  until  after  secondary  deposits  have  occurred  that  the  characteristic 
cachexy  sets  in. 

5.  If  the  primary  tmnour  be  removed  before  neighbouring  parts  have  become 
contaminated,  the  health,  if  it  have  suffered,  often  improves  materially. 

6.  All  pathological .  evidence  tends  to  show  that  the  secondary  growths 
arise  directly  as  a  consequence  of  the  primary  tumour,  first,  by  extension 
by  continuity  of  tissue  ;  secondly,  by  extension  along  the  line  of  the  lym- 
phatics ;  and  thirdly,  through  the  blood-stream,  leading  to  growths  scattered 
throughout  the  body  in  the  same  directions  as  the  secondary  abscesses  in  pyaemia 
which  result  from  septic  emboli. 

7.  Secondary  cancers  affect  the  form  of  the  primary  one.  Thus,  primary 
glandular  cancer  leads  to  deposit  of  masses  of  the  same  structure  in  the  lungs  ; 
columnar  epithelioma  of  the  rectum  to  secondary  growths  in  the  liver,  with 
identical  structural  peculiarities. 

8.  Growth  is  favoured  by  local  cii-eumstances,  as  warmth  and  moisture  of 
cavities. 

9.  In  some  rare  instances  no  recurrence  whatever  takes  place  after  opera- 
tion, the  disease  being  eradicated  from  the  system,  which  could  not  be  the  case 
if  it  were  constitutional. 

,  10.  When  recurrence  does  take  place  soon  after  an  operation,  it  is  ahnost 
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invariably  either  in  the  cicatrix  or  its  immediate  neighbourhood,  or  in  the 
nearest  lymphatic  glands,  owing  to  oancer-oells  which  had  been  widely  dis- 
seminated, escaping  removal,  and  subsequently  developing  into  new  tumours. 
Were  the  disease  constitutional,  recurrence  would  be  as  likely  to  take  place  in 
other  parts,  especially  in  symmetrical  parts. 

The  theory  of  the  local  origin  of  cancer  is  undoubtedly  a  very  captivating 
one.  It  explains  in  the  readiest  and  the  simplest  way  possible  most  of  the 
phenomena  of  the  disease.  But  it  is  a  doubt  with  many,  if  it  be  competent  to 
give  a  satisfactory  solution  of  all. 

There  are  at  least  four  conditions  that  may  be  supposed  to  militate  against 
the  theory  of  the  primary  localization  of  cancer,  and  which  have  been,  or  may 
be,  adduced  as  evidence  of  the  constitutional  origin  of  the  disease. 

These  are — 1.  The  almost  absolute  certainty  of  the  recurrence  of  the  disease 
after  the  removal  of  the  primary  growth  ; 

2.  The  frequent  hereditariness  of  the  disease  ; 

3.  The  varying  degrees  of  rapidity  with  which  cancers  run  their  course  and 
the  different  degrees  of  vii'ulence  they  affect  in  different  individuals  ;  and 

•i.  The  geographical  distribution  of  cancer. 

Let  us  briefly  examine  those  conditions,  which  have  mainly  been  relied  on  in 
support  of  its  constitutional  origin. 

1.  As  to  the  lialility  to  recurrence  after  removal,  as  will  be  more  fully  stated 
■when  we  come  to  speak  of  the  operation  for  cancer,  there  can  be  no  doubt. 
But  in  truth  this  argument  can  have  but  little  weight,  when  we  consider 
the  rapid  tendency  to  diffusion  that  has  just  been  described  as  characterizing 
cancers  above  all  other  tmuours,  owing  to  the  peculiar  mode  of  growth  already 
described  and  the  relation  of  the  cells  to  the  lymphatics.  The  fact  is,  that  the 
cancer-cells  have  akeady  become  diffused  through  the  neighbouring  structures, 
and  may  have  entered  the  lymphatics  or  the  blood  long  before  the  primary 
tumour  has  attained  such  a  size  as  to  attract  attention. 

One  main  source  of  confusion,  if  not  of  error,  in  respect  to  the  origin  of 
cancer  has  been,  that  it  has  usually  been  studied  in  organs,  such  as  the  mamma, 
in  which  its  early  origin  cannot  be  discovered.  In  such  a  situation  a  tumour 
must  attain  the  size  of  a  nut,  at  the  least,  before  it  is  diagnosed  or  even 
detected.  How  many  months  may  it  have  required  for  the  first  small  group  of 
cells  to  have  led  to  the  development  of  such  a  mass  as  this,  and  how  widely  the 
local  contamination  and  general  infection  may  have  spread,  before  such  a  size  j 
even  as  this  is  attained  by  the  primary  tumour.  j 

2.  The  next  point  is  the  hereditariness  of  cancer.    As  has  already  been  j 
stated,  this  is  undoubted.    But  a  hereditaiy  tendency  to  a  disease  must  not  j 
be  confounded  with  a  constitutional  disposition  to  it.    It  is  a  fatal  error  in 
etiology  to  confound  hereditariness  with  constitutionalism.  Hereditariness 
may  be  local  as  well  as  constitutional.    The  hereditary  transmission  of  a  ^ 
particular  feature  from  parent  to  offspring  cannot  be  considered  a  proof  of  a 
constitutional  tendency.    So  also  the  hereditary  transmission  of  a  malforma- 
tion, as  of  supernumerary  fingers  or  exostoses,  is  certainly  purely  local.  liut 
diseases  may  also  be  transmitted  through  descent  M'ithout  being  in  any  way 
constitutional.     Tumours  that  are  not  cancers  are  hereditaiy,  as  warts, 
lipomata,  cnchondromata,  &c.  ;  sebaceous  cysts  of  the  scalp  are  strongly 
hereditary,  and  yet  there  can  be  no  pretence  that  these  are  in  any  way  con- 
stitutional or  blood-diseases.    These  are  instances  of  hereditary  local  diseases 
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that  are  not  congenital,  but  develop  after  the  body  has  reached  maturity  ; 
just,  indeed,  as  a  cancer  does.  We  do  not  look  upon  these  conditions  as 
constitutional — dependent  on  some  conditions  of  the  blood,  merely  because 
they  are  transmitted  from  parent  to  offspring.  All  that  we  can  at  presciit 
assume  is,  that  it  is  probable  that  in  some  cases  there  is  a  predisposition  of 
unknown  nature,  hereditarily  transmissible,  which  may  tend  to  the  development 
of  cancer  without  the  action  of  a  known  local  exciting  cause ;  and  this  here- 
ditary tendency  may  be  local,  as  in  a  certain  tissue,  or  in  a  particular  organ 
which  is  the  usual  seat  of  election  of  cancer,  as  the  mamma,  the  testis,  or  the 
pylorus. 

3.  The  greater  virulence  affected  by  caucers  in  some  individuals  than  in 
others,  and  the  varying  degrees  of  rapidity  with  which  they  run  their  course, 
Avoald  undoubtedly  lead  to  one  of  two  inferences  ;  either  that  the  primary 
cancer  is  more  active,  has  greater  inherent  vitality,  or  that  the  constitution  in 
which  it  occurs  is  more  favourable  to  its  development. 

The  varying  virulence  of  a  cancer  depends  much  more  upon  its  anatomical 
structure  than  on  any  constitutional  condition  of  the  patient.  All  the  glandu- 
lar cancers  are  more  malignant  that  the  squamous  or  columnar ;  yet  those  who 
hold  the  theory  that  cancer  is  a  blood-disease,  maintain  that  it  is  a  mere  accident 
where  the  primary  tumour  arises,  and  consequently  what  form  it  assumes. 

The  locality  in  which  the  cancer  develops  has  also  much  to  do  with  the 
rapidity  with  which  the  glands  are  affected.  H.  Arnott  pointed  out  that  the 
softer,  the  more  vascular,  and  the  more  movable  the  primary  seat  of  the 
tumour  is,  the  more  rapidly  do  the  secondary  growths  appear.  Thus  an  epi- 
thelioma of  the  tongue  always  affects  the  glands  very  early,  while  with  a  similar 
growth  on  the  skin  of  the  leg  the  patient  may  escape  glandular  affection  for 
many  months. 

The  fearful  rapidity  of  growth  and  virulence  shown  by  a  cancer  of  the 
mamma  during  pregnancy  consequent  upon  the  physiological  increase  of  the 
supply  of  blood  to  the  gland  is  another  example  of  a  local  condition  aifecting 
the  malignancy  of  the  growth.  Moreover,  if  great  rapidity  of  the  growth 
were  due  to  the  presence  of  the  poison  in  the  blood  in  greater  amount  than 
usual,  we  should  expect  to  find  the  development  of  the  tumour  most  rapid 
in  those  who  showed  the  most  marked  cachexia,  whereas  the  reverse  is  often 
the  case.  The  younger  the  patient  and  the  better  the  general  health  at  the 
time  of  invasion,  as  a  rule  the  more  malignant  will  be  the  course  of  the  disease. 
Still  it  is  highly  probably  that  there  is  a  tendency  in  the  tissues  of  certain 
individuals  to  favour  the  development  of  these  cancer- growths,  originating 
primarily  in  some  local  irritation,  whether  this  be  traumatic  or  functional. 
Such  a  constitutional  state,  whether  hereditary  or  acquired,  is  necessary  to 
constitute  a  fitting  soil  for  the  cancerous  element,  in  which  to  form  and  to 
develop.  The  stronger  the  tendency  the  more  readily  will  cancer  grow  in 
such  individuals,  and  the  more  rapid  and  vigorous  will  be  the  growth.  This 
constitutional  state  does  not  develop  a  local  cancer  ;  it  simply  favours  its 
development. 

4.  Th.^ geographical  distribution  has  Ijcen  already  considered  at  p.  1049.  It 
cannot  be  said  that  this  has  much  bearing  upon  the  question.  The  influences 
resulting  from  race,  soil,  climate,  &c.,  are  concerned  in  the  development  of 
many  local  diseases,  such  as  simple  bronchocele,  elephantiasis  of  the  scrotum, 
fibroma  in  the  ears  of  negroes  and  the  like,  none  of  which  are  supposed  to 


TUMOURS. 


be  due  to  the  presence  of  a  morbid  material  in  the  blood.  We  have  no  definite 
knowledge  to  guide  us  to  any  conclusion  with  regard  to  the  effect  of  these 
influences  on  the  development  of  cancer  ;  and,  in  its  absence,  it  is  just  as  easy 
to  suppose  that  these  causes  act  locally  on  certain  glands  or  epithelial  surfaces 
as  to  imagine  that  they  give  rise  to  the  development  of  some  unknown  poison 
in  the  blood  to  which  the  origin  of  the  cancerous  tumour  is  due. 

There  are  two  points  in  connection  with  the  structure  of  cancer  that  deserve 
careful  study,  in  reference  to  the  question  of  local  origin.  The  first  is  the 
abundant  blood-supply  that  a  cancerous  tumoiu-  invariably  demands  and 
obtains  :  the  second  is  its  mode  of  infiltrating  the  surrounding  tissues. 

Each  of  them  has  an  important  bearing  on  its  diffiLsion. 

1.  The  much  larger  Uood-suj)ply  that  is  furnished  to  a  cancerous  growth 
than  is  sent  to  any  other  kind  of  tumour,  except  the  soft  sarcomata,  is  well 
known  to  all  practical  Surgeons.  A  scirrhus  of  the  mamma,  not  larger  than 
a  pigeon's  egg,  will  receive  a  far  larger  vascular  supply  than  an  adenoma  as 
large  as  a  cocoa-nut,  the  number  of  arteries  requiring  ligature  after  an  opera- 
tion in  the  one  case  being  greatly  in  excess  of  those  that  spout  in  the  other. 
This  abundant  vascular  supply  is  noticeable  in  the  removal  of  the  smallest 
cancers,  but  increases  with  the  size  of  the  tumour. 

The  tumour  itself  is  not  usually  very  vascular,  though  some  cancers,  as  the 
encephaloid,  are  so  abundantly  so  as  to  present  little  else  than  a  congeries  of 
vessels,  and  to  possess  active  pulsation  and  bruit  ;  but  the  vascularization  is 
in  the  neighbouring  and  surrounding  parts,  in  the  midst  of  which  it  Ues. 
This  greatly  increased  vascularity  of  the  neighbom-ing  tissues  is  most  pro- 
bably due  to  the  irritation  caused  by  the  peculiar  mode  of  growth  of  a 
cancer.  Simple  tumours,  such  as  lipomata,  enchondi'omata,  exostoses,  &c., 
merely  displace  the  surrounding  structures  slowly  by  their  pressure  as  they 
increase  in  size,  and  the  tissues  thus  have  time  gradually  to  accommodate 
themselves  to  their  altered  position,  and  suffer  but  little  till  the  bulk  of  the 
tumour  becomes  very  considerable.  A  cancerous  tumour,  on  the  other  hand, 
sends  out  processes  of  cells  which  grow  rapidly  and  force  themselves  into  the 
interstices  of  the  surrounding  parts,  and  it  thus  exerts  from  the  first  a  direct 
pressm'e  on  the  tissues  it  is  invading.  The  microscopic  appearances  of  the 
tissues  surrounding  the  advancing  processes  of  cells,  are  in  fact  identical  \vith 
those  of  inflammation.  The  vessels  are  dilated  and  full  of  blood,  and  the 
normal  structures  are  concealed  by  an  abundant  smaU  cell  infiltration  before 
which  the  original  tissues  disappear  as  in  the  process  of  ulceration.  The 
quantity  of  lymph  returning  from  the  hypersemic  tissues  will  necessarily  be 
greatly  increased  in  quantity,  and  the  lymph-spaces  and  lymphatic  vessels 
will  be  dilated,  and  thus  the  dissemination  of  the  cells  of  the  cancer  Avill  be 
greatly  facilitated  should  any  of  them  become  disengaged  from  the  general 
mass  and  enter  the  lymph-stream. 

2.  The  second  important  point  in  connection  with  the  structure  of  a  cance- 
rous tumour  is  the  absence  of  an  cnvelo])ing  capsule;  unlike  almost  every 
simple  tumour,  it  is  not  in  any  way  encysted  or  encapsuled.  As  before 
pointed  out,  there  is  every  reason  to  believe  that  the  processes  of  epithelial 
cells  which  force  their  way  into  the  surrounding  structures  are  actually  lying 
in  spaces  directly  communicating  with  the  lymphatic  vessels.  There  is  no 
baiTier  between  them  and  the  tissues  they  are  invading,  nothing  to  limit  their 
extending  into  them  and  destroying  them. 
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What  circumstances  or  conjunction  of  circumstances  can  possibly  favour 
more  highly  the  diffusion  of  a  primary  gi-owth  throughout  the  neighbouring 
tissues  and  of  the  whole  system,  than  such  a  mode  of  growth  stimulated  by 
active  hyper^emia  of  the  surrounding  structures  ? 

This  invasion  of  the  lymph-spaces  may  lead  to  a  much  earlier  contamina- 
tion of  tissues  and  of  the  system  than  is  generally  supposed.  We  do  not  know, 
and  there  is  in  the  present  state  of  science  no  possibility  of  ascertaining,  how 
soon  after  its  first  formation,  whilst  still  a  microscopical  nodule,  a  cancerous 
tumour  may  begin  to  shed  its  cells  into  neighbouring  areolar  spaces  or  lym- 
phatics. From  the  very  first  day  of  its  formation  the  fatal  cells  may  have 
started  on  their  travels  into  areolar  spaces,  carried  on  by  the  increased  lymph- 
stream,  but  capable  of  self-support  whenever  arrested,  and  in  their  new  hahitat 
developing  into  fresh  cancerous  centres  capable  of  the  same  process  of  multi- 
plication and  of  local  infection,  which  may  be  indefinitely  extended ;  capable 
also,  probably,  of  entry  into  the  vessels,  of  being  carried  through  them  to  distant 
organs,  and  deposited  in  them,  like  pysemic  emboli,  forming  centres  of  new 
growth  in  the  lungs  or  liver. 

It  is  this  early  tendency  of  cancer  to  dissemination  that  leads  to  the  suppo- 
sition of  its  being  constitutional.  For  the  system  may  become  permeated  by 
cells  shed  from  the  parent  tumour,  before  this  has  attained  sufficient  size  to 
attract  serious  attention,  if,  indeed,  it  has  been  observed  at  all. 

Having  thus  described  the  cancer  in  general,  we  are  in  a  position  to  con- 
sider more  in  detail  the  special  varieties. 

1.  Glandular  Cancers,  or  cancers  the  cells  of  which  belong  to  the  type 
of  glandular  or  spheroidal  epithelimn,  may  arise  as  primary  tumours  in  any 
parts  in  which  glandular  epithelimn  is  normally  present.  They  may  thus 
arise  in  the  breast,  the  salivaiy  glands,  the  liver,  pancreas,  prostate,  kidney, 
and  many  other  parts.    They  are  subdivided  into  two  chief  varieties: — 

1.  Scirrhus  or  hard  cancer,  in  which  the  stroma  is  very  abundant  and  firm. 

2.  Encephaloid  or  soft  cancer,  in  which  the  stroma  is  scanty  and  the  cells 
abundant.  These  two  forms  merge  insensibly  into  each  other,  and  no  sharp 
distinction  can  be  drawn  between  them.  A  tumour  that  one  Surgeon  would 
call  a  rapidly  growing  scirrhus  of  the  breast,  another  might  describe  as  enceph- 
aloid. A  third  variety  of  glandular  cancer  arises  from  colloid  degeneration 
of  the  cells  of  either  scirrhus  or  encephaloid,  and  this  is  known  as  colloid 
cancer,  which  will  be  described  separately. 

The  glandular  cancers  yield  on  scraping  or  pressure  a  milky  fluid,  termed 
the  Cancer-juice,  in  which  cells  and  granules  are  found  in  varying  proportions. 
The  granules  are  mostly  fatty,  and  are  the  result  of  fatty  degeneration  of  the 
cells  of  the  tumour.  This  milky  juice,  it  must  be  observed,  is  not  absolutely 
characteristic  of  cancer.  It  is  yielded  by  the  lymphadenomata  and  by  all  the 
sarcomata,  provided  that  at  least  twenty-four  hours  elapse  after  their  removal 
before  they  are  examined  and  that  decomposition  has  connnenced.  The  Cells 
(Fig.  395)  are  extremely  variable  in  shape  and  size.  They  may  be  round, 
caudate,  and  even  fusiform.  Many  varieties  of  form  are  usually  found  in  thfi 
same  tumour,  but  occasionally  great  uniformity  prevails.  The  size  may  vary 
from  ■jj-g'oo-  inch  to  inch.  The  nuclei  are  oval  and  highly  refracting,  often 
placed  eccentrically  ;  they  are  of  considerable  size  and  frequently  double,  while 
in  some  cases  five  or  six  may  be  found  in  the  same  cell.  They  contain  bright 
shining  nucleoli.    The  size  of  the  cells  is  not  indicative  of  the  variety  of  the 
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cancer.  Thus,  in  some  scirrhous  tumours  the  cells  may  be  small,  and  in  others 
large,  and  the  same  may  be  said  of  encephaloid.  The  distinction  between 
scirrhus  and  encephaloid  is  made  not  by  the  size  of  the  cells,  but  by  the 
relative  proportions  of  cells  and  stroma  in  the  mass.  All  cancer-cells  are  jjrone 
to  early  degeneration,  usually  becoming  filled  with  fat-granules,  and  ultimately 

breaking  down  and  in  great  part 
disappearing,  so  that  what  was  once 
a  considerable  mass  of  cells  may 
be  represented  by  a  few  granules. 
This  is  most  marked  in  scin-hus. 

The  stroma  in  glandular  cancers 
is  almost  invariably  fibrous,  but  in 
the  softer  forms  it  may  be  composed 
partly  of  spindle-cells.  The  alveolar 
arrangement  is  always  clearly 
marked.  The  cells  lie  loosely  in 
the  spaces  often  separated  from 
each  other  by  a  small  quantity  of 
fluid.  This  fluid,  xnth  the  cells 
forms  the  "  cancer- juice."  In  the 
degenerating  parts  of  the  growth 
the  stroma  frequently  contains  numerous  fat-granules,  and  in  very  rare 
cases  patches  of  calcification  are  met  with.  The  Hood-vessels  are  usually 
abundant,  especiaUy  iu  the  softer  forms.  In  some  rare  instances  they  show 
curious  bud-like  processes  and  dilatations  projecting  from  their  walls  into  the 
alveolar  spaces  of  the  tumour.  These  may  give  way  and  distend  the  alveoli 
with  blood,  thus  forming  small  rounded  clots  dotted  through  the  growth. 
The  unaided  eye  of  the  experienced  Surgeon  may  in  many  cases  recognize  a 
cancer  without  difliculty,  but  in  every  case  the  tumom*  should  be  examined 
microscopically  in  order  to  detennine  without  a  doubt  what  its  true  nature  is. 

Scirrhus. — The  scirrhous  or  hard  cancer  is  met  with  more  commonly 
in  the  female  breast  than  in  all  other  parts  of  the  body  put  together, 
and  the  cases  that  come  under  the  care  of  the  Surgeons  are  almost  exclusively 
in  that  situation.  Thus  of  cases  of  scirrhus  admitted  into  the  surgical 
wards  of  University  College  Hospital  during  the  ten  years  1871  to  1880, 
113  were  situated  in  the  female  breast,  1  in  the  male  breast,  4  in  the 
skin  near  the  female  breast,  1  in  the  kidney,  and  3  in  the  prostate. 
Nine  other  cases  were  admitted  as  "scirrhus  of  the  rectum,"  and  two  as 
"  scirrhus  of  the  sigmoid  flexure,"  but  these  were  not  submitted  to  micro- 
scopical examination,  and  were  most  probably  columnar  carcinomata.  Scirrhus 
is  met  with  also  in  the  stomach  and  pancreas,  and  a  soft  form — between  the 
hard  and  soft  cancer,  and  consequently  sometimes  called  scirrho-eucephaloid 
— is  the  ordinary  primary  cancer  of  the  liver.  Secondary  scirrhus  may  occur 
in  almost  any  part  of  the  body,  but  the  most  coimnon  situations  are  the 
lymphatic  glands,  liver,  lungs,  kidneys,  and  bones. 

Scirrhus  occurs  in  two  fonns  ;  either  as  a  circumscribed  mass,  or  infiltrated 
in  the  tissue  of  an  organ.  In  cither  case  it  forms  a  hard,  craggy,  incom- 
pressible, and  nodulated  tumour,  at  first  movable  and  uncoimected  with  the 
skin,  but  soon  acquiring  deep-seated  attachments,  and  implicating  the  integur 
ment.    It  grows  slowly,  seldom  attaining  a  larger  size  than  an  orange.  At 


Fig.  395. 

A.  Cells  from  a  large  Encephaloid  of  the  Breast. 

B.  Cells  from  Scirrhus  of  the  Breast. 

a.  Stained.      }i.  Unstained. 
(454  diam.) 
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times  it  is  painless,  at  others  painfal,  generally  aching,  sometimes  with  much 
radiating  and  shooting  pain  through  it.  These  sensations  vary  according  to 
the  part  aifected,  and  to  the  sensibility  of  the  individual ;  the  pains  are 
especially  severe  after  the  tumour  has  been  handled,  and  at  night  are  of  a 
lancinating,  neuralgic  character.  The  tumour  may  thus  continue  in  a  chronic 
state  Cor  a  considerable  leugth  of  time,  slowly  increasing,  gradually  extending 
its  deeper  prolongations,  and  implicating  the  more  superficial  parts.  In  some 
cases,  more  particularly  in  elderly  people,  scirrhus  gives  rise  to  atrophy  of 
the  organ  in  which  it  is  seated,  causing  wrinkling  and  puckering  of  the  sur- 
rounding skin,  which  becomes  adherent  to  the  tumour  ;  and  the  cancer  may 
thus  continue  in  a  very  chronic  state. 

The  ulceration  takes  place  usually  by  the  skin  becoming  adherent  at  one 
point  to  the  tumour,  either  by  dimpling  in,  being  as  it  were  drawn  down 
towards  it,  or  else  by  being  pushed  forwards,  stretched,  and  implicated  in 
one  of  its  more  prominent  masses  ;  it  then  becomes  dusky  and  livid  red, 
somewhat  glazed,  and  covered  by  a  fine  vascular  net-work.  Softening  occurs 
at  one  point,  where  a  crack  or  fissure  forms  ;  a  clear  drop  of  gummy  fluid 
exudes  from  this,  and  dries  in  a  small  scab  upon  the  surface  ;  this  is  followed 
by  a  somewhat  bloody  discharge  of  a  thick  and  glutinous  character  ;  and  the 
small  patch  of  skin  from  which  it  issues,  becoming  undermined,  speedily 
sloughs  away,  leaving  a  circular  ulcer.  This  gradually  enlarges,  becoming- 
ragged  and  sloughy,  with  craggy  everted  edges,  having  irregular  masses  arising 
from  its  surface,  and  discharging  a  foetid  sanious  pus.  The  pain  increases 
greatly ;  and,  the  lymphatic  glands  becoming  involved,  cachexy  is  fully 
developed,  and  the  patient  is  destroyed  by  it  or  by  the  secondary  visceral 
deposits.  In  old  people,  ulceration  of  scirrhous  cancers  often  assumes  an 
extremely  chronic  character,  the  growth  in  them  not  having  the  same  vitality 
as  in  the  young.  The  ulcer  in  these  cases  is  flat,  sloughy,  of  a  greyish- 
green  colour,  hard  and  rugged,  with  puckered  edges,  and  much  wrinkling 
of  the  surrounding  skin,  and  exhaling  the  usual  foetid  odour.  In  younger 
persons,  and  especially  in  stout  women  with  florid  complexions,  the  disease 
usually  makes  rapid  progress.  So  also,  if  inflammation  be  accidentally  set 
up  in  the  neighbouring  tissues,  cancerous  infiltration  rapidly  takes  place  in 
them.  Occasionally,  but  very  rarely,  scirrhous  masses  slough  out,  leaving  a 
large  ragged  cavity,  which  may  even  cicatrize  ;  and  thus  a  spontaneous  cure 
has  been  said  to  occur,  but  this  is  doubtful.  The  cancerous  infiltration 
extends  to  a  considerable  distance  around  the  tumour  into  integument  which 
to  the  naked  eye  appears  quite  healthy.  In  such  tissue,  however,  the  micro- 
scope may  reveal  unequivocal  evidence  of  the  existence  of  cancer-cells  diffused 
through  it.  Wherever  the  small-celled  infiltration  can  be  recognized,  which 
surrounds  a  cancerous  growth  like  a  halo,  and  gradually  shades  oft"  in  the  sur- 
rounding healthy  textures,  the  tissues  must  be  regarded  as  infected.  It  is  of 
great  importance  in  determining  the  question  of  operation  to  bear  this  in 
mind,  and  not  to  act  on  the  supposition  of  the  tumour  being  abruptly  defined. 

The  secondary  growths  in  scirrhous  cat;cer  form  first  in  the  lymphatic  glands 
in  almost  every  case  ;  later  on  they  may  occur  in  the  liver,  lungs,  bones,  and 
other  parts.  In  the  lungs  and  liver  they  are  frequently  much  softer  than  the 
primary  growth,  so  that  in  some  cases  they  might  be  more  properly  termed 
enc-;phaloid  than  scirrhous.  In  the  lymphatic  glands  they  are  often  almost 
as  firm  as  the  original  tumour. 
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Structure. —On  cuttiiif,'  into  a  scirrhous  Lumour  with  the  8cal])e],  it  uhuuIIv 
creaks  somewhat  as  it  is  divided,  and  presents  a  whitish  or  bluish- white 
glistening  surface,  intersected  by  white  bands,  which  apparently  consist  partly 
of  new  structure,  and  partly  of  included  areolar  tissue.  'J'his  section  has  not 
inaptly  been  compared  to  the  appearance  presented  by  a  cut  through  a  turnip 
or  an  unripe  pear. 

A  curious  feature  of  scirrhous  cancer,  in  which  it  differs  from  almost  all 
other  tumours,  is  that  it  becomes  cup-shaped  on  section.  This  seems  to  be 
due  to  the  fact  that  in  most  scirrhous  tmuours  a  kind  of  cicatrization  takes 
place  in  the  central  parts,  while  the  peripheral  parts  are  still  growing. 
The  cells  undergo  fatty  degeneration  and  break  up.  The  gi-eater  part 
of  the  products  of  degeneration  are  absorbed,  and  only  a  narrow  streak  of 
granules  may  be  left  to  represent  a  once  large  accumulation  of  cells.  It  is 
this  shrinking  of  the  growth  that  drags  in  the  nipple  in  scirrhus  of  the  breast, 


Fig.  390. — Scirrhus  of  Breast  (1S8  (limn.).  Tho  communication  of  the  alveolar  spaces  between  one  another 
and  the  continuity  of  the  contained  masses  of  cells  are  well  shown.  The  contour  of  the  individual  vxMs 
is  seldom  definite,  and  the  nucleoli,  as  a  rule,  are  not  shown. 

and  perhaps  it  is  the  evident  state  of  tension  in  which  the  tumour  is,  that 
gives  rise  to  the  peculiar  pain  of  scirrhus  in  general.  On  examining  a  scin-hous 
cancer  microscopically  (Figs.  39G,  3i)7),  it  will  be  found  to  be  surrounded 
everywhere  by  a  zone  of  small  round  cells  infiltrating  the  surrounding  parts, 
penetrating  between  fat-cells  or  muscular  fibres,  and  extending  along  bands  of 
connective  tissue.  A  little  nearer  the  centre  the  alveolar  arrangement  becomes 
apparent,  and  groups  of  rounded  or  irregular  cells,  with  large  oval  nuclei,  are 
found  embedded  in  spaces  in  a  stroma  of  coarse  fibrous  tissue.  These  spaces 
communicate  with  each  other  like  those  of  a  sponge.  The  stroma  and  cells 
here  usually  form  about  equal  parts  of  the  growth.  The  stroma  shows 
signs  of  active  growth,  having  spindle-cells  scattered  here  and  there  through 
it,  sometimes  in  abundance.  A  little  nearer  the  centre  Ave  find  that  the  stroma 
has  become  luore  dense,  the  spindle-cells  being  replaced  by  elongated  tailed 
cells,  with  .scarcely  any  protoplasm  around  the  nucleus.  The  cells  of  the 
cancer  are  here  beginning  to  degenerate,  the  nuclei  becoming  hidden  by  clouds 
of  fat-granules,  and  a  similar  ch.ange  may  also  be  apparent  in  the  stroma. 
Towards  the  centre  the  fatty  cells  disappear,  and  ojily  a  few  granules  mark 
where  they  were  ;  the  stroma  becomes  dense  and  hard,  and  even  the  nuclei 
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hefove  mentioned  are  difficult  to  recognize.  The  above  is  a  description  of  the 
ordinary  scirrhns  of  moderately  slow  growth.  In  more  vigorously  growing 
specimens  the  degeneration  is  delayed,  the  cicatrization  is  less  perfect,  and  the 
liroportion  of  the  bulk  occnpied  by  the 
i'clls  is  increased. 

It  is  not  ahvays  easy  to  determine 
the  exact  mode  of  growth  in  scirrhous 
rancer,  as  the  young  spheroidal  epi- 
thelium-cells closely  resemble  the  small 
round  cells  infiltrating  the  tissues  at 
the  growing  margin.  In  the  softer  and 
more  diffused  forms,  however,  it  is 
often  possible  to  observe  the  earliest 
changes  in  the  acini.  It  will  then  be 
seen  that  the  morbid  process  does  not 


start  from  a  single  acinus.  Many 


Fi.n.  .m.  SuiiTlms  of  Breast  dSS  (liaiii.).  Much 
(■-icatrizcd  ;  tJie  stronui  bears  a  large  pruijurtiou 
to  tlie  cells,  which  are  small  and  gi'anular  :  in  a 
fully  cicatrized  speciuieu  thei-e  would  be  similar 
alveolar  simcos  containing  only  granular  debris. 


acini  lying  near  each  other  may  show 
various  stages  of  overgrowth  of  the 
epithehum.  At  first  the  new  cells  are 
contained  within  the  distended  mem- 
brana  propria  of  the  acinus,  but  as  the 
process  advances,  they  burst  beyond 
its  limits,  and  penetrate  among  the 
sm-roundiug  tissues.  In  the  harder 
tumours  of  slower  growth  this  often 

cannot  be  recognized,  as  the  area  of  the  gland  alTected  is  smaller,  and  by  the 
time  it  comes  under  observation  the  acini  have  disappeared,  and  columns  of 
cells  only  are  found  extending  into  the  surrounding  tissues. 

Encephaloid. — As  before  stated,  this  is  not  separable  from  scirrhus.  The 
greater  part  of  the  tumours  which  were  formerly  classed  as  encephaloid  cancers 
are  now  included  under  the  sarcomata.  A  glandular  cancer  growing  with  such 
rapidity,  and  of  such  softness  of  structure,  as  to  merit  the  name  of  encephaloid 
is  in  fact  of  rare  occurrence  in  surgical  practice.  During  the  ten  years  1871  to 
1880,  there  were  admitted  under  the  care  of  the  Surgeons  of  University  College 
Hospital  only  eight  cases  which  were  classed  as  encephaloid  cancer.  Five  of 
those  were  in  the  breast,  two  in  the  testicle,  and  one  was  believed  to  have 
originated  in  the  tonsil  or  the  glands  in  its  neighbourhood.  Encephaloid 
cancer,  like  scirrhus,  arises  only  in  structures  containing  glandular  or  spheroidal 
epithelium.  It  commences  as  a  tumour,  which  though  occcasionally  somewhat 
hard,  is  usually  from  the  first,  or  at  all  events  soon  becomes,  soft  and  clastic, 
being  more  or  less  lobulated,  growing  rapidly,  and  having  an  elastic  and  at  last 
a  semi-fluctuating  feel.  The  skin  covering  it  is  usually  at  first  pale  and  loose, 
with  a  large  net-work  of  dilated  veins  spreading  over  it.  In  some  cases,  how- 
ever, at  a  very  early  period,  a  species  of  inflammatory  cedema  occurs  ui  the 
integuments  covering  a  rapidly  growing  encephaloid  tumour.  As  the  tumour 
enlarges,  the  skin  becomes  adherent,  discoloured,  of  a  purple  brown  tint,  and 
at  last  ulcerates  at  one  point.  When  once  the  tumour  has  made  its  way 
through,  and  is  relieved  from  the  pressure  of  tlie  integuments,  it  may  form  a 
large  soft  fungous  mass,  rugged,  irregular,  dark-coloured,  and  bleeding  pro- 
fusely.   This  resembles  the  same  condition  occurring  in  some  rapidly  growing 
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soft  sarcomata  to  whicli  the  term  Jiunjus  hmmalocles  was  applied  by  Hey.  lu 
other  cases  the  tumour  may  slough,  forming  a  deep  irregular  cavity.  lu  either 
case  death  rapidly  eusues  from  exhaustion  and  haemorrhage.  Pukation  from 
extreme  vascularity,  accompanied  by  a  loud  bruit,  to  be  heard  on  auscultation, 
has  been  described  as  occurring  in  cucephaloid  cancer,  but  in  most  cases  in  whicli 
this  symptom  has  been  recorded,  the  tumour  was  probably  not  a  cancer,  but  a 
soft  sarcoma,  as  these  morbid  growths  were  formerly  confounded  together. 

The  coustitutioiial  cachexy  in  encephaloid  occurs  early  and  is  Aveil  marked, 
and  secondary  growths  speedily  make  their  appearance  in  the  lymphatic  glands 
and  viscera. 

Structtire. — After  removal  the  tumour  is  found  to  be  very  vascular,  dis- 
playing on  injection  a  close  net-work  of  vessels.  On  a  section  being  made,  it 
commonly  presents  a  soft  pulpy  white  miiss,  closely  resembling  cerebral  sub- 
stance, stained  and  blotched  with  bloody  patches,  varying  in  colour  from  a 
bright  red  to  a  maroon-brown,  this  being  dependent  on  blood  that  has  been 


Kig.  398.— Eucepluiloid  of  Breast  (188  diaiii.).    The  large-celled  variety.    Attention  is  directed  to  tlie  mucli 

larger  spaces  in  tliis  than  in  Scirrlius. 

infiltrated  into  its  substance,  in  other  cases,  its  section  has  been  compared  to 
that  of  a  raw  potato,  or  a  piece  oF  boiled  udder.  On  microscopic  examination, 
it  will  be  found  to  present  a  structure  essentially  similar  to  that  of  scirrhus, 
that  is  to  say,  an  alveolar  stroma  enclosing  groups  of  free  cells  of  an  epithelial 
type.  The  cells  may  in  some  cases  be  larger,  but  are  often  smaller  than  those 
usually  seen  in  scirrhus  (Fig.  3!)8).  They  assume  the  same  irregular  forms, 
and  have  each  one  or  more  highly. refracting  nuclei  and  nucleoli.  The  pro- 
portion of  the  bulk  of  the  tumour  composed  of  cells  is,  however,  infinitely 
greater  in  encephaloid  than  in  scirrhus,  and  the  vascularity  of  the  tumour  is 
proportionately  increased.  The  tumour  does  not  show  the  same  tendency 
to  cicatricial  conti-action,  although  fatty  degeneration  always  occurs  in  the 
central  pnrts. 

Colloid,  Gelatinous,  Gelatiniforni  or  Alveolar  Cancer  is  a  variety 
formed  by  the  colloid  degeneration  of  the  cells  ol' a  glandular  cancer,  either  of 
the  scirrhous  or  encephaloid  form,  but  most  commonly  the  former.  It  may 
occur  in  distinct  masses,  often  of  a  very  large  size,  weighing  many  pounds,  or 
may  be  infiltrated  into  the  tissue  of  organs.    .\s  it  is  most  frequently  met. 
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with  in  the  viscera  of  the  abdomen,  it  does  not  so  often  fall  under  the  observa- 
tion of  the  Surgeon  as  the  other  varieties  of  cancer.  Yet  it  is  not  uncommon 
In  the  breast,  where  I  have  met  with  it,  forming  a  veiy  large  tumour.  Colloid 
-ancer  consists  of  alveolar  spaces  \  isible  to  the  naked  eye,  filled  with  a  clear 
semi-transparent  yellowish  gelatinous  or  honey-like  material,  resembling  indeed 
somewhat  the  structure  of  a  honey-comb.  The  septa  forming  these  spaces  are 
distinctly  fibrous  and  regular  in  their  arrangement  (Fig.  399).  Some  of  the 
spaces  are  completely  filled  with  colloid  matter,  others  may  show  a  few  cells 
containing  fat-granules  in  the  centre,  surrounded  by  zones  of  granules  result- 
ing from  the  degeneration  of  other  cells.  Cells  again  may  be  seen  in  the  pro- 
i^ess  of  undergoing  colloid  degeneration  (Fig.  400).  A  globule  of  colloid  matter 
first  appears  pushing  the  nucleus  to  one  side  ;  afterwards  the  nucleus  under- 


3g9._Colloicl  of  Omentiim  (ISS  iliaiii.).    Shows  tlui  completely  surrounding  it.    u.  Isolated 

concentrio  rings  and  the  granular  masses  which  have  cells  from  the  same  tumour,    c.  Isolated 

taken  the  place  of  the  cells  ;  and  iit  one  part  a  lew  cells  cells  from  colloid  of  omentum, 
still  retain  their  shape.  (^S*  tliam.) 


goes  a  similar  degeneration  ;  and  finally  the  cell- bursts  and  disappears,  leaving 
behind  it  only  a  few  granules.  True  colloid  cancer  is  merely  a  degenera- 
tion of  scirrhus  or  encephaloid.  Many  other  tumours  have  been  described  in 
former  times  as  colloid,  amongst  which  may  be  mentioned  many  myxomata, 
cedematous  soft  fibromata,  and  some  glandular  tumours  which  had  undergone 
colloid  degeneration. 

Diagnosis  of  Glandular  Cancer. — In  the  diagnosis  of  a  cancer  the  age 
of  the  patient  is  an  important  consideration,  such  tumours  being  very  rare 
before  30.  Too  much  impoi'tance  must  not  be  attached  to  an  hereditary 
history  of  cancer,  or  it  may  lead  us  into  error.  A  most  important  sign  of 
cancer  is  that  the  tumour  forms  part  of  the  structure  it  is  invading.  It  may 
be  tolerably  clearly  defined  in  outline,  but  it  is  not  separable  from  the  sur- 
rounding tissue.  It  early  becomes  adherent  to  the  skin  when  occurring  in  a 
superficial  part.  In  the  later  stages  the  adhesion  is  evident,  but  at  first  it  can 
be  recognized  only  by  pinching  up  the  skin  widely  with  the  finger  and  thumb 
when  it  will  be  seen  to  dimple  slightly  at  the  part  over  the  tumour.  Both 
these  signs,  the  implication  of  the  surrounding  structures  and  the  dimpling  of 
the  skin  may,  however,  also  be  present  in  chronic  inflammation  with  fibroid 
induration. 
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Ihc  diagnosis  of  Uie  diflerenfc  forms  of  cancer  is  not  always  easily  made 
bctrrhus,  when  not  widely  infiltrating,  may  very  readily  be  confounded  with 
nbrous  tumours  and  adenomata,  or  with  the  indurated  atrophy  of  a  part ;  in 
many  of  these  cases,  indeed,  the  diagnosis  cannot  be  correctly  effected  until 
after  examination  by  incision.  In  other  cases,  however,  the  rugged  feel,  the 
lancinating  pains,  the  implication  of  the  lymphatic  glands,  or  the  affection 
of  the  general  health,  will  commonly  serve  to  establish  the  diagnosis.  When 
ulceration  has  taken  place,  the  previous  condition  of  the  tumour,  the  general 
character  of  the  sore,  and  the  microscopic  examination  of  the  debris,  may  serve 
to  denote  its  true  character. 

Encephahid  may  be  confounded  with  abscess,  with  cysts,  or  with  erectile 
and  sanguineous  tumours,  and  with  the  various  soft  varieties  of  sarcoma  ;  and, 
Avhen  pulsating,  with  aneurism.  In  these  cases  careful  palpation,  the  existence 
of  elasticity  without  fluctuation,  and  the  presence  of  the  large  and  tortuous 
veins  ramifying  over  the  surface  of  the  mass,  may  establish  its  true  character. 
When  it  is  fungating,  it  may  be  confounded  with  ihe  sprouting  intracystic 
growths  that  sometimes  spring  from  the  interior  of  a  cystic  tumour  or  with  a 
soft  sarcoma.  Here,  however,  the  history  of  the  case  and  the  contamination 
of  neighbouring  lymphatics,  will  show  the  true  nature  of  the  affection. 

In  all  cases  in  which  there  is  doubt  as  to  the  nature  of  the  growth  an  incision 
should  be  made  into  it,  if  it  is  a  case  fit  for  removal  by  operation,  and,  if 
necessary,  a  slice  should  be  removed  and  examined  with  the  naked  eye,  or  a 
scraping  of  it,  or  a  section,  cut  after  freezing,  may  be  put  under  the'  micro- 
scope. It  is  much  better  to  do  this  than  to  lose  valuable  time  by  waiting  till 
the  symptoms  become  more  definite. 

2.  Squamous  Cancer,  or  Squamous  Epithelioma. — Squamous  epithe- 
lioma, or  as  it  has  been  called  "epithelioma,"  "epithelial  cancer,"  or  "cancroid," 
was  at  one  time  considered  to  be  distinct  from  true  cancer.  There  is  nothing, 
however,  to  justify  such  a  distinction.  The  term  epithelial  cancer  or  epithe- 
lioma is  not  a  good  one,  for  as  has  just  been  pointed  out,  the  scirrhus  and 
encephaloid  are  equally  epithelial  growths  though  ai-isingfrom  a  different  type 
of  epithelium.  Squamous  epithelioma  arises  from  any  situation  in  which 
squamous  epithelium  is  naturally  present.  The  essential  feature  of  the  giwth 
by  which  it  is  distinguished  from  a  simple  wart  or  paijilloma  is  that  the 
epithelium  no  longer  merely  covers  the  papillse,  but  forces  its  way  between 
them  into  the  structures  beneath. 

Causes  and  Situation. — Squamous  epithelioma,  rare  in  the  young,  is 
common  in  middle-aged  or  elderly  people,  the  tendency  to  it  increasing  in  pro- 
])ortion  as  age  advances.  In  this  respect  it  follows  the  course  of  other  cancei-s. 
The  hereditariness  of  epithelioma  is  not  so  marked  as  that  of  scirrhus,  so  much 
so  that  it  has  been  doubted.  I  have  no  evidence  either  way  on  this  point. 
My  impression  is  that  it  ifi  not  distinctly  hereditary.  It  has  been  said  to 
have  been  communicated  by  contact  from  the  uterus  of  the  female  to  the 
penis  of  the  male,  but  this  is  extremely  doubtful.  It  is  certain  that  in  the 
great  majority  of  cases  in  M'hich  such  contact  has  taken  place  no  evil 
consequences  follow. 

It  is  frequently  occasioned  by  the  long-continwd  or  repeated  application 
of  some  source  of  irritation,  and  may  thus  be  established  in  constitutions 
otherwise  pei-fcctly  healthy.  Thus,  the  irritation  of  a  broken  tooth  upon  the 
tongue  or  cheek  may  produce  epithelioma  of  those  parts.    The  scrotum  in 
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chimney-sweepers  was  formerly  often  the  seat  of  epithelioma,  iu  conse- 
quence of  the  lodgment  aad  irritation  of  soot  in  its  ruga3.  Cancer  ot  tlie 
touo-ue  or  lip  is  frequently  attributed  to  the  irritation  caused  by  smolcmg. 
In  ^some  cases  epithelionra  arises  in  parts  whicli  have  long  suffered  from  an 
abnormal  condition  of  the  epithelimn.  Thus  the  so  called  "smooth  or  scaly 
touo-ue  "  has  a  great  tendency  to  terminate  in  cancer  sometnnes  after  the 
condition  has  lasted  for  ten  or  even  twenty  years.  Epithehoma  not  un- 
frequently  originates  in  old  scars. 

Its  most  common  seat  is  on  muco-cutaneous  surfaces.  During  the  ten  years, 
1871  to  1880  123  cases  of  squamous  epithelioma  were  admitted  into  the 
surgical  wards  of  University  College  Hospital.  They  were  distributed  as 
follows:  tongue,  52;  lips,  18;  skin  of  limbs  and  trunk,  10;  perns,  8  ; 
vulva,  7  ;  cheeks  and  gums,  7  :  anus,  4  ;  scars  in  various  parts,  3  ;  skin  ot 
face,  3  ;  scrotum,  2  ;  oesophagus,  2  ;  larynx,  2  ;  bladder,  2  ;  soft  palate,  1  ; 
and  antrum,  1.  During  a  similar  period  47  cases  of  cancer  of  the  uterus  were 
admitted  into  the  women's  ward,  but  the  hospital  report  does  not  distinguish 
between  the  different  forms  of  the  disease  in  these  cases.  Eleven  cases  ot 
malignant  stricture  of  the  oesophagus,  probably  all  epithelioma,  were  also 
admitted  into  the  medical  wards. 

The  selection  of  a  particular  site  by  epithelioma  appears  often  _to_  be 
capricious,  though  it  is  doubtless  dependent  on  anatomical  pecuharities 
of  the  part.  Thus  it  is  common  in  the  lower  hp,  but  very  rare  in  the 
upper.  In  women  it  rarely  attacks  the  lip,  in  men  often  ;  when  occurring 
in  mucous  canals  it  chiefly  affects  their  ends.  Thus  the  lower  end  of  the 
pharynx,  the  upper  end  of  the  oesophagus,  and  the  anus  are  all  favourite  sites. 

Progress.— Squamous  epithelioma  commences  either  as  a  small  flat 
tubercle,  or  a  warty  growth,  which  rapidly  ulcerates.    Sometimes  when  it 
first  comes  under  observation,  it  may  already  form  an  intractable  fissure,  or 
ulcer,  of  hmited  size,  with  hard  everted  edges  and  a  foul  surface.    In  other 
cases,  papillc^  of  great  size  may  form  on  the  surface  of  the  growth  before 
ulceration  takes  place.    This  is  especially  marked  in  cancer  of  the  penis,  in 
which  the  papillte  are  sometimes  half  an  inch  in  length.    In  the  bladder 
epithehoma  may  assume  a  vihous  form.    When  ulceration  takes  place  the 
destruction  of  tissue  slowly  spreads,  imphcating  every  structure  at  its 
circumference.    Such  an  ulcer  attacks  not  only  the  soft  parts,  but  may  extend 
into  a  neighbouring  bone,  penetrating  deeply  into  its  structure  and  eroding 
it.    In  a  case  under  my  care,  in  which  the  ulceration  started  from  a  gland 
secondarily  affected  after  removal  of  an  epithelioma  of  the  lip,  the  greater 
part  of  the  symphysis  of  the  jaw  was  destroyed  and  the  whole  floor  of  the 
mouth  eaten  away  tiU  the  tongue  hung  out  below  on  the  skin  of  the  neck. 
Epithelioma  of  the  eyehds  may  invade  and  destroy  the  eyeball,  and^  when 
arising  from  the  mucous  membrane  of  the  nose  it  may  form  one  variety  of 
the  so-called  malignant  polypus.    I  have  seen  an  epithehoma  as  large  as  a 
smaU  orange,  developing  in  this  situation  and  passing  into  the  orbit  and 
to  the  cheek.    Epithelioma  of  the  scrotum,  if  left  unrelieved  by  treatment, 
will  at  last  extend  to  and  implicate  the  testicle. 

After  an  epithelioma  has  lasted  a  certain  time  secondary  growths  appear 
in  the  nearest  lymphatic  glands.  This  takes  place  with  varying  rapidity 
in  different  cases.  It  was  pointed  out  by  Henry  xVrnott  that  the  implication 
of  the  glands  takes  place  most  rapidly  when  the  primary  growth  is  situated 
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m  80ft,  vascular  parts  much  exposed  to  movement.  Thus  it  takes  place  much 
more  readily  m  epithelioma  of  the  tongue,  than  in  the  same  disease  of  tlie 
skm  of  the  trunk.  The  aU^ctcd  glands  increase  in  size  steadily,  but  not 
usually  very  rapidly,  and  after  a  time  fresh  glands  become  infected.  AVhen 
they  reach  the  surface  they  adhere  to  the  skin,  the  central  parts  soften  and 
become  diffluent,  and  finally  the  skin  gives  way  and  a  ragged,  foul  cavity  is 
exposed,  discharging  a  thin,  blood-stained  fluid,  which  tends  to  become 
extremely  offensive.  Epithelioma  differs  from  glandular  cancers  in  one 
important  respect  ;  it  has  but  little  tendency  to  extend  beyond  the  lymphatic 
glands,  and  to  appear  in  the  viscera  or  distant  parts.  It  does  so,  however, 
with  sufficient  frequency  to  show  that  the  absence  of  secondary  tumours  in' 

the  viscera  is  not  an  essential  feature 
of  epithelioma. 

Epithelioma  most  commonly  occurs 
in  otherwise  healthy  subjects.  Even 
after  the  glands  have  become  affected 
the  general  health  may  be  but  little 
impaired  for  some  time  ;  but  sooner  or 
later  the  patient  begins  to  lose  flesh  and 
the  so-called  "  cancerous  cachexia " 
make  its  appearance.  Epithelioma  may 
prove  fatal  by  the  progress  of  the  local 
Pig.  401.— Epithelioma  of  Lower  Lip.  disease,  and  by  its  external  ulceration; 
Male :  about  21.  j^g  affecting  a  part  essential  to  life,  as 

the  oesophagus  or  larynx  ;  by  pressure 
of  enlarged  glands  on  important  parts  ;  and  by  the  induction  of  constitutional 
cachexy  and  malnutrition  with  gradual  exhaustion. 

Structure. — On  mici-oscopic  examination,  a  squamous  epithelioma  will  be 
found  to  be  composed  of  masses  of  cells  of  the  type  of  scaly  epithelium, 
forming  irregularly  cylindrical  processes  communicating  with  each  other. 
From  the  irregular  course  of  these  processes,  they  are  cut  in  a  variety  of 
directions  in  every  thin  section,  so  that  the  groups  of  cells  do  not  give  the 
idea  of  cylinders,  but  rather  of  circular,  oval,  and  irregular  masses  not  in 
direct  connection  with  each  other.  Between  these  cylinders  is  a  fibrous  tissue 
bearing  abundant  vessels  for  the  nutrition  of  the  non-vascular  epithelium. 
This  fibrous  tissue  is  more  or  less  infiltrated  with  small  round  cells,  in 
proportion  to  the  rapidity  of  the  growth  of  the  tumour.  It  will  be  seen  from 
the  above  description  that  the  structure  of  an  epithelioma,  although  differing 
in  detail,  is  in  the  main  similar  to  that  of  scirrhous  and  encephaloid  cancer  ; 
that  is  to  say,  cells  of  an  epithelial  type,  embedded  in  si^aces  in  a  fibrous 
stroma,  which  freely  communicate  with  each  other  (Fig.  402). 

As  in  normal  squamous  epithelium  covering  a  papilla  of  the  skin,  the  cells 
next  to  the  fibrous  and  vascular  tissue  are  softer  and  rounder  in  fonn  than 
those  of  greater  age.  In  the  centre  of  the  terminal  portion  of  a  cylinder  of 
cells  or  in  a  branching  process  from  it,  the  epithelium  often  becomes  flattened 
by  pressure,  and  arranged  circulariy  so  as  to  form  a  globe  (epithelial  nest, 
epithelial  pearl).  These  nest-like  formations  arc  produced,  according  to 
Virchow,  by  the  remarkable  tendency  to  endogenous  cell-gi-owth  exhibited  by 
some  of  the  central  cells,  and  the  development  of  large  "  brood-spaces  "  within 
them.    The  pressure  produced  by  this  formation  of  brood-spaces,  and  the 
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endogenous  cell-giwfch  accompanying  it,  causes  the  marginal  cells  to  become 
flattened  and  to  take  on  a  concentric  arrangement.  Possibly  these  globes  may 
be  formed  in  both  ways  ;  but  the  appearance  usually  presented  by  them  rather 
suggests  the  former  than  the  latter  process,  as  the  central  parts  are  most 
frequently  dry  and  hard,  and  show  no  signs  of  active  growth.  Similar 
globes  are  not  unfrequently  formed  in  simple  warty  growths,  and  must  there- 
fore not  be  considered  diagnostic  of  epithelioma.  The  fully  formed  cells 
often  present  beautifully  serrated  edges,  the  serrations  of  one  interdigitating 
with  those  of  its  neighbours.  This  is  well  shown  in  the  accompanying 
drawing  (Fig.  402),  taken  from  a  small  epithelioma  of  the  anus  which  I 


)i>ig.  402.— Epithelioma  of  Anus  (40  diain.).  Shows  tliB  lobules  extending  down  into  the  connective  tissue, 
which  is  infiltrated  with  small  round  cells;  lour  glohes  are  seen.  The  isolated  masses  are  probably 
cylinders  cut  obliquely. 


removed  from  a  middle-aged  man.  The  individual  cells  of  an  epithelioma,  as 
obtained  by  scraping,  differ  but  little  from  the  healthy  scaly  epithehum  that 
may  be  got  ii-om  the  mucous  membrane  of  the  cheek  or  lip.  They  are  often 
larger,  and  sometimes  contain  more  than  one  nucleus.  In  the  older  parts  of 
the  growth,  they  are  usually  filled  with  fat-granules.  When  an  epithelioma 
has  undergone  ulceration,  the  surface  is  frequently  covered  with  prominent 
masses  like  large  granulations,  and  the  diagnosis  of  the  nature  of  the  growth 
can  often  be  made  by  removing  one  of  them  and  submitting  it  to  microscopic 
examination.  If  in  a  simple  ulcer  the  skin  be  completely  destroyed,  epithe- 
lium is  never  found  except  at  the  margins  ;  in  an  epithcliomatous  ulcer,  on 
the  contrary,  it  is  found  at  every  part  of  the  ulcerating  surface.  The  vessels 
of  epithelioma  are  abundant,  but  not  so  plentiful  as  those  of  scirrhus  or  en- 
cephaloid.  As  to  the  relation  of  the  growths  to  the  lymphatics,  there  is  some 
dilference  of  opinion.  Thiersch  and  Waldcyer  believe  that  they  have  demon- 
strated a  lymphatic  endothelium  covering  the  cylinders  of  cells,  and  conse- 
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quently  ave  of  opinion  tliat  the  c-pitholiuni  is  actually  witliiu  lympli-spaces 
ihe  anastomosis  between  the  cancer-cylinders  is  said  exactly  to  resemble  that 
uonnally  seen  between  the  lympli-spaces.  The  secondary  tunioui-s  present 
the  same  gcnei-al  characteristics  as  the  primary  growth,  but  they  are  usually 
softer.  The  cells  are  sometimes  thickei-  and  less  distinctly  squamous,  but  most 
commonly  their  type  is  easily  recognized.  Epithelial  nests  are  always  less 
abundant  and  sometimes  wanting. 

The  mode  of  growth  of  a  squamous  epithelioma  can  often  be  observed 
without  difHculty.  If,  for  instance,  a  small  ^\•arty  epithelioma  from  the  lip  be 
removed  in  an  early  stage  and  examined  microscopically,  it  will  be  found  to 
be  composed  of  hyperfcrophied  papillEe  covered  with  an  exuberant  growth  of 
scaly  epithelium.    The  papilla  increase  in  size  as  the  centre  of  the  growth  is 

approached.  The  cutis  vera  beneath  the 
large  papillas  and  the  papillae  themselves 
are  infiltrated  with  small  round  cells.  In 
the  circumferential  parts  of  the  growth 
the  epithelium  will  be  found  to  be  entirely 
superficial,  but  in  the  central  parts,  between 
two  or  more  papillse,  a  process  of  epi- 
thelium-cells will  be  seen  forcing  itself  into 
the  cutis  vera,  which  is  very  abundantly 
infiltrated  at  that  spot  with  small  round 
cells.  So  long  as  the  epithelium  is  all 
superficial  the  growth  cannot  be  said  to 
be  malignant,  and  would  be  classed  as  a 
simjDle  wart :  whenever  the  epithelium-cells 
can  be  seen  biirsting  through  between  the 
papillte  and  extending  into  the  tissues 
beneath  the  growth  is  undoubtedly  cance- 
rous. The  scaly  tongue  undergoing  con- 
version into  epithelioma  also  offers  a  favourable  opportunity  of  observing  the 
same  process. 

Diagnosis. — The  diagnosis  of  squamous  epithelioma  from  the  other  forms 
of  cancer  is  usually  easy.  The  principal  points  that  should  guide  the  Surgeon 
are  :  1.  The  invariable  occurrence  of  growth  on  a  mucous  or  cutaneous 
surface.  2.  Its  early  ulceration  ;  often  almost  from  the  very  commencement. 
3.  The  rapidity  with  which  ulceration  follows  on  the  new  growth.  4.  The 
origin  of  the  disease  from  some  evident  source  of  external  irritation.  5.  The 
absence  of  all  evidence  of  contamination  of  internal  organs. 

The  Prognosis  of  squamous  cancer  is  more  favourable  than  that  of  scir- 
rhous or  encephaloid.  Its  superficial  origin  makes  its  possible  for  the  Surgeon 
to  recognize  it.  early  and  remove  it  before  the  glands  are  aflected,  and  even 
after  glandular  enlargement  has  taken  place  there  is  hojie  of  coinjjletely 
eradicating  the  disease  by  removing  the  alVected  glands. 

iRecurrence  after  Kemoval  takes  place  in  squamous  as  in  glandular 
cancer  in  the  scar  or  its  immediate  neighbourhood,  and  in  the  lymphatic 
glands,  and  in  these  situations  is  due  to  the  same  pathological  conditions. 
Distant  recurrence  is,  as  before  stated,  less  commoi),  but  when  it  does  take 
place  it  is  due,  as  in  other  forms,  to  dissemination  of  cancer-elements  through- 
out the  body.    In  one  case  in  which  I  removed  an  epithelioma  of  the  tongue 
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recurrence  took  place  in  oue  of  the  toes  ami  in  the  lung  after  a  lapse  of 
nearly  two  years. 

Epithelioma  presents  the  peculiarity,  however,  of  re-appeanng  in  sonic  rare 
pases  in  the  neighbourhood  of  the  primary  growth  and  yet  not  m  connection 
with  it  In  these  cases  it  would  appear  as  if  there  was  a  tendency  to  the 
disease  in  the  particular  region  of  the  body.  Thus  I  have  seen  after  the 
removal  of  an  epithelioma  of  the  lip  on  one  side,  a  similar  growth  appear 
inside  the  mouth  on  the  other  side.  The  interval  between  the  appearance  of 
the  growth  is  usually  longer  than  in  genuine  recurrence.  Thus,  in  the  case 
above  mentioned,  three  or  four  years  elapsed  between  the  removal  of  the 
epithelioma  on  the  left  side  of  the  lower  lip  and  the  appearance  of  that 
inside  the  right  cheek. 

It  would  appear  as  if  epithelioma  were  sometimes  capable  of  transplantation 
or  of  inoculation  so  as  thus  to  be  locally  multiplied.  I  have  seen  an  epithe- 
lioma of  one  labium  apparently  inoculate  an  abrasion  on  the  opposite  one 
where  a  fi'esh  centre  of  disease  "developed,  and  an  epithelioma  of  the  tongue 
infect  the  lower  jaw  through  the  contiguous  alveolus  of  a  loose  tooth. 

3.  Columnar  Cancer  or  Columnar  Epithelioma.— This  form  of  tumour 
has  frequently  been  called  "  adenoid  cancer,"  but  the  term  columnar  cancer 
or  columnar  epithelioma  is  less  likely  to  lead  to  confusion  and  more  correctly 
expresses  the  nature  of  the  growth.  It  occurs  as  a  rule  at  the  same  age  and 
under  much  the  same  conditions  as  squamous  epithelioma.  It  is  confined  to 
those  regions  which  are  naturally  covered  by  columnar  epithehum,  and  forms 
the  most  common  tumour  of  the  pylorus  and  intestine,  including  the  rectum. 
During  the  ten  years  1871  to  1880  there  were  admitted  into  the  surgical 
wards  of  University  College  Hospital  twenty-five  cases  of  cancer  of  the  rectmn 
described  as  columnar  epithelioma,  and  nine  in  which  the  form  of  cancer  is 
not  clearly  stated,  which  were  probably  of  the  same  variety.  Eour  cases  are 
recorded  as  having  been  met  with  in  the  sigmoid  flexure  and  one  in  the  antrum. 
It  is  met  with  also  in  the  uterus,  ovary,  and  gall-bladder,  and,  in  rare  cases, 
in  the  breast,  springing  from  the  larger  ducts.  . 

Appearance  and.  Progress.- — A  columnar  epithelioma  bears  the  same 
relation  to  the  papilloma  of  the  intestine  that  the  squamous  epithelioma 
does  to  the  common  wart  on  the  skin.  Just  as  many  squamous  epitheliomata 
commence  as  warty  growths,  so  a  columnar  epithelioma  may  begin  as  a 
papillary  growth  from  the  mucous  membrane.  A  simple  papilloma  as  it  in- 
creases in  size  keeps  its  superficial  character,  and  becomes  in  most  cases 
pedunculated  and  shows  little  tendency  to  ulcerate.  A  columnar  epithelioma 
sin-eads  widely  with  a  somewhat  firm  fleshy  base.  Its  surface  remains  papillary 
at  the  circumference,  but  soon  ulcerates  in  the  central  parts,  becoming  rugged 
and  irregular,  and  bleeding  readily  and  abundantly.  The  growth  extends 
through  the  whole  thickness  of  the  gut,  and  may  implicate  neighbouring 
viscera.  Columnar  epithelioma  shows  a  much  lower  degree  of  malignancy 
than  squamous  epithelioma.  It  grows  as  a  rule  slowly,  and  frequently  does 
not  affect  the  lymphatic  glands  till  a  late  period  of  the  case.  Visceral 
recun'ences  are  rare,  and  are  met  with  chiefly  in  the  liver. 

Death  commonly  takes  place  from  the  local  disease,  cither  from  exhaustion 
from  the  discharge  and  loss  of  blood  or  from  obstruction  of  the  bowel  or 
]>ylorus. 

Structure.- — K  section  of  such  a  growth  (I'ig.  -lo-l  )  shows  it  to  be  composed 


io68 


TUMOURS. 


ot  tubes  lined  with  columnar  epithelium,  bound  to-ether  by  a  delicate  con- 
nective tissue,  more  or  less  infiltrated  with  small  round  cells  The  tubes 
resemble  gigantic  crypts  of  Lieberkuhn.  By  the  microscope  alone  it  is  not 
always  easy  to  distinguish  these  tumours  from  simple  papilloraata  covei-ed 
with  columnar  epithelium,  in  which  the  bases  of  the  papilte  on  section  give 
the  appearance  of  tubes.  The  irregularity  of  the  structure  and  the  greater  cell- 
mfiltrafcion  of  the  connective  tissue  would  lead  to  a  suspicion  of  malignancy 
If  the  base  be  examined  and  the  proper  structure  of  the  tumour  be  found  im- 
plicating the  muscular  coat  or  extending  to  neighbouring  parts,  its  malignant 
nature  is  put  beyond  a  doubt. 

The  secondary  growths  met  with  in  the  glands  and  liver  maintain  the 
characteristic  features  of  the  primary  tumour,  so  that  a  tissue,  looking  like 
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crypts  of  Lieberkuhn  irregularly  massed  together,  may  be  found  in  the  lym- 
phatic glands  or  in  the  liver.  In  the  lymphatic  glands  of  the  groin  these 
tumours  may  break  down  and  ulcerate,  as  in  squamous  epithelioma" 

Diagnosis. — The  diagnosis  of  the  nature  of  the  growth  can  be  made  only 
when  it  is  situated  in  the  rectum.  It  is  then  often  possible  to  remove  a  small 
portion  for  microscopic  examination. 

The  Prognosis  is  always  very  grave  on  sccount  of  the  situation  in  which 
the  tumour  forms.  Limited  growths  may  be  safely  removed  from  the  rectum, 
and  lately  such  tumours  have  been  excised  both  from  the  colon  and  pylorus, 
the  parts  being  united  by  suture  of  the  intestine. 

Other  rorms  of  Cancer  were  fbrmerly  described,  the  chief  of  which  were 
Osteoid  Cancer  and  Melanotic  Cancer.  Osteoid  Cancer  was  the  name  given 
to  the  tumour  now  known  as  Osteoid  or  Ossifying  Sarcoma  (see  p.  10:^6). 
The  growths  formerly  described  as  Melanotic  Cancer  arc  also  now  classed 
with  tlie  sarcomata.  It  is  possible  that  there  may  be  a  pigmented  form  of 
epithelioma,  but  if  such  a  tumour  does  exist  it  must  be  of  great  rarity. 

Treatment  of  Cancer.— The  treatment  of  cancer  will  necessarily  be  in  a 
great  measure  dependent  on  the  view  that  is  taken  of  its  origin.  The  consti- 
tutionalists would  naturally  endeavour  to  discover  some  method  of  preventing 
the  development  of  or  of  eradicating  that  blood-poison,  or  that  general 
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tendency  which  they  suppose  to  underlie  the  local  aflfection.    They  would 
necessarily  discard  operation  as  being  not  only  useless,  but  erroneous  in 
principle— as  erroneous  as  it  would  be  to  amputate  the  foot  to  cure  the  gout. 
The  localists,  on  the  other  hand,  necessarily  rely  on  the  removal  of  the 
primary  local  disease  at  as  eai-ly  a  period  as  possible,  as  the  only  means  of 
preventing  secondary  growths,  and  constitutional  infection.    Hence  the  dis- 
cussion as*' to  the  origin  of  cancer  has  a  most  important  practical  bearing  on 
the  treatment  of  the  disease.    All  Curative  Constitutional  Treatment  is 
certainly  useless,  no  constitutional  remedies  appearing  to  exercise  any  material 
influence  on  the  disease.    I  am  not  acquainted  with  any  case  of  cancer,  either 
from  my  own  observations,  from  conversation  with  other  Surgeons,  or  from 
published  statements,  that  affords  satisfactory  evidence  of  cure  by  an  internal 
remedy.    It  is  true  that  many  so-called  cases  of  cancer  have,  at  various  times, 
been  stated  to  have  been  cured  by  dilFerent  medicines  :  but  it  must  be  borne 
in  mind  that,  in  a  less  advanced  state  of  pathological  knowledge  than  exists  at 
the  present  day,  almost  all  hard  chronic  tumours  were  called  "scirrhous," 
and  many  intractable  ulcers  "cancers;"  mistakes  which  are  not  unfrequently 
committed,  and  sometimes  unavoidably  so,  even  with  the  improved  means  of 
diagnosis  that  we  at  present  possess.    Not  one  of  the  many  remedies  that 
have  been  vaunted  as  being  specific  in  this  disease,  and  by  which  cures  have 
been  stated  to  have  been  effected,  has  obtained  the  confidence  of  the  profession, 
or  has,  on  further  trial,  corresponded  in  its  effects  to  the  statements  of  those 
who  introduced  it.    I  therefore  think  it  but  waste  of  time  to  discuss  the 
supposed  benefit  to  be  derived  from  hemlock,  sauguiuaria,  condurango,  Chian 
turpentine,  iron,  arsenic,  iodine,  cod-Uver  oil,  or  lemon-juice,  in  the  treatment 
of  cancer.    But  though  curative  treatment  can  effect  nothing,  much  may  be 
done  by  proper  Palliative  Treatment  towards  retarding  the  progress  of  the 
cases  that  do  not  admit  of  operation.    With  this  view,  the  diet  should  be 
mild,  nutritious,  easy  of  digestion,  unstimulating,  and  sufficient  to  support  the 
strength  under  the  wearing  influence  of  pain  and  discharge  ;  and  the  prepara- 
tions of  opium,  conium,  and  hyoscyamus,  must  be  freely  administered  in 
order  to  relieve  the  patient's  sufferings,  and  to  procure  rest. 

The  Local  Means  are  those  upon  which  the  Surgeon  justly  places  the 
chief  reliance.  The  Palliative  Local  Treatment  consists  in  the  use 
of  means  calculated  to  retard  the  growth  of  the  tumour,  to  lessen  the  pain 
attending  it,  and  to  remove  the  foetor  that  arises  if  it  be  ulcerated.  It 
is  important  to  remember  that  the  rapidity  of  the  growth  and  the  pain  will 
usually  be  increased  by  anything  that  causes  hypertemia  of  the  part.  All 
irritating  applications  such  as  tincture  of  iodine  must  therefore  be  avoided  ; 
they  only  hasten  the  growth  of  the  tumour  and  the  implication  of  the  skin. 
If  the  tumour  be  painful,  and  the  skin  covering  it  still  unbroken,  great  relief 
may  be  obtained  by  the  application  of  belladonna-plasters.  In  some  cases  I 
have  found  powdered  conium,  spread  on  cotton-wadding,  useful  in  the  same 
way.  As  it  is  of  importance  to  prevent,  as  long  as  possible,  any  breach  of 
surface,  the  application  of  these  sedative  plasters  and  powders  should  be  perse- 
vered in  with  the  view  of  supporting  the  integument.  The  local  application 
of  ice  has  been  recommended  l)y  J.  Arnott  ;  but  there  is  no  evidence  to  show 
that  it  is  of  any  real  service.  When  the  tumour  is  ulcerated,  the  fcetor  must 
be  diminished  by  the  application  of  weak  solutions  of  carbolic  acid,  chloride- 
of  zinc,  chloralum,  or  permanganate  of  potash,  to  which  cocaine  or  opiates 
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may  be  advantageously  added  with  a  view  of  lessening  the  ])ain.  Thymol 
and  menthol  both  prevent  decomposition  and  allay  pain.  Iodoform  sprinkled 
over  the  ulcerating  surface  will  often  be  found  to  diminish  both  the  foetor  and 
the  pain.  If  the  smell  of  the  iodoform  is  unpleasant  to  the  patient,  an  ointment 
may  be  used  composed  of  iodoform  5j,  eucalyptus  oil  sj,  paraflin  and  vaselin 
a.a.  Siiss.  This  may  be  applied  on  a  piece  of  musli]i  and  the  parts  covered 
M-ith  a  sheet  of  salicylic  wool. 

The  Curative  Local  Treatment  of  cancer  embraces  three  methods,  viz., 
destruction  by  caustics  ;  absorption  by  pressure  ;  and  removal  by  the  knife. 

Caustics. — The  employment  of  caustics  for  the  destruction  of  cancers  has, 
in  all  ages  and  countries,  been  resorted  to  by  empirics,  who  profess  to  remove 
tumours  of  a  malignant  nature,  by  secret  remedies,  less  painful  and  more  effec- 
tual than  the  knife.  As  their  application,  to  use  Velpeau's  expression,  re(|uires 
no  acquaintance  -with  anatomy  or  opei'ative  surgery,  these  remedies  have 
always  been  popular  with  many  who  have  neither  the  knowledge  nor  the  skill 
to  use  the  knife.  In  this  country  tbey  have  never  enjoyed  any  very  extended 
reputation  ;  and  now  that  anesthetics  have  rempved  the  pain  of  an  operation 
and  antiseptic  treatment  has  reduced  its  dangers  to  a  minimum,  it  is  very 
rarely  that  the  Surgeon  is  justified  in  using  them.  They  may,  however,  occa- 
sionally be  of  use  in  fungating  or  recurrent  growths. 

The  great  objection  to  the  use  of  caustics  has  been  the  severity  and  the  con- 
tinuance of  the  pain  induced  by  them,  which  lasts  not  only  for  hom-s,  but  for 
days— more  intense  and  prolonged  than  any  occasioned  by  the  knife ;  and  as  it 
it  usually  necessary,  in  order  to  destroy  the  morbid  growth  effectually,  to  repeat 
the  application  of  the  caustic  several  times,  the  suffering  is  often  gi-eater  than 
the  most  resolute  patient  can  submit  to. 

The  chief  argument  in  favour  of  the  use  of  caustics  is  the  statement,  that 
cancers  thus  destroyed  are  less  liable  to  recur  than  when  extirpated  by  the 
knife.  There  is,  however,  not  one  atom  of  evidence  in  proof  of  this  assertion. 
Another  advantage  urged  in  favour  of  caustics  is,  that  enlarged  IjTiiphatic 
glands  are  more  likely  to  go  down  under  their  use  than  when  the  primary 
■cancer  is  removed  by  the  knife.  Experience  has  not,  however,  confirmed 
this  statement.  Some  of  the  advocates  of  the  use  of  caustics  in  the  treatment 
•of  cancer  pretend  that  the  particular  agent  employed  exercises  on  the  morbid 
structure  a  specific  action,  which  is  confined  to  it,  and  does  not  extend  to  the 
neighbouring  healthy  tissues.  But  this  assertion  is  entirely  destitute  of 
foundation. 

Caustics  are  more  frequently  applicable  to  squamous  cancer  than  to 
scirrhous  or  encephaloid.  In  certain  cases  the  disease  is  so  situated,  as  in 
some  parts  of  the  face  or  in  the  deeper  cavities  of  the  body,  that  it  cannot  be 
dissected  out,  and  in  these  its  removal  may  perha])s  be  effected  by  caustics,  but 
as  a  general  rule  anything  the  knife  cannot  reach  is  better  let  alone.  If  these 
agents  be  employed,  care  should  be  taken  that  they  be  fi'eely  applied  and  be 
sufficiently  strong,  so  as  thoroughly  to  destroy  the  whole  of  the  morbid  textures 
Inefficient  caustics,  such  as  nitrate  of  silver,  irritate  and  do  not  destroy  the 
tissues  to  which  they  are  applied,  and  in  this  way  do  much  mischief.  Inflam- 
mation is  excited  around  the  growth,  and  the  inflamed  tissues  l)ecomc  rapidly 
infiltrated  by  the  abnormal  structure,  which  thus  extends  with  much  greater 
.rapidity  than  would  otherwise  have  been  the  case. 

The  caustics  that  have  been  and  that  are  emi)loyed  in  the  treatment  of 
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cancers  are  very  various.  The  pain  they  give  rise  to  may  be  temporarily 
iiboUshed  by  the  previous  hypodermic  injectiou  of  cocaine.  They  cannot 
be  used  indiscruninately,  and  consequently  we  must  briefly  consider  them 
separately. 

1.  The  concentrated  mineral  acids,  especially  the  fuming  nitric  and  anhydrous 
sulphuric  acids,  arc  sometimes  advantageously  employed.  The  concentrated 
nitric  acid  may  be  applied  to  small  superficial  cancerous  ulcers  ;  it  rapidly 
destroys  the  tissues,  and  does  not  spread  too  widely,  but  it  is  not  potent  enough 
for  the  destruction  of  tumours.  The  .glacial  sulphuric  acid,  made  into  a  white 
paste  with  asbestos,  as  used  by  ]\Iichel,  or  rubbed  into  a  black  paste  with 
powdered  saflPron,  is  the  caustic  which  Velpeau  extolled  as  the  most  efficient  in 
cancerous  tumours,  more  particularly  those  of  a  fnngating  or  bleeding  kind". 
It  converts  the  part  to  which  it  is  applied  into  a  thick,  hard,  carbonized  eschar, 
with  but  little  surrounding  inflammation  ;  and,  as  its  action  is  rapid,  the  pain 
is  not  prolonged.  On  the  separation  of  the  hard  slough,  a  healthy  granulating 
cavity  will  be  left,  which  cicatrizes  rapidly  with  contraction.  It  acts  also  as  a 
hsemostatic,  rapidly  shrivelling  and  drying  up  large  bleeding  and  discharging 
growths. 

2.  The  caustic  alkalies,  especially  potash  and  lime,  either  alone  or  in  combi- 
nation, in  the  shape  of  the  Vienna  paste,  or  fused  into  sticks,  are  very  energetic 
in  their  action  ;  but  they  have  the  disadvantage  of  spreading  widely  if  applied 
to  a  large  surface,  and,  by  softening  or  dissolving  the  parts,  giving  rise  to  a 
tendency  to  liEEmorrhage. 

3.  Various  mineral  salts,  move  particularly  the  chlorides  of  antimony  and 
zinc,  the  acid  nitrate  of  mercury,  and  arsenious  acid,  have  been  employed  with 
much  success  in  the  treatment  of  cancerous  ulcers  and  gi-owths. 

Of  the  various  chlorides,  that  of  si?ic  is  the  most  useful.    This  is  applied  by 
being  made  into  a  paste  containing  one  part  of  the  chloride  to  four  parts  of 
flour,  moistened  with  a  little  Avater,  to  which  one-twentieth  part  of  extract  of 
opium  may  be  added  to  diminish  pain.    It  must,  in  order  to  act,  be  applied  to 
a  raw  surface  :  hence  it  is  customary  flrst  to  destroy  the  skin  with  nitric  acid, 
and  then  to  apply  the  chloride.    Canquoin  states  that  a  paste,  made  of  equal 
parts  of  the  chloride  and  of  flour,  four  lines  in  thickness,  and  applied  for  forty- 
eight  hours,  destroys  the  parts  to  the  depth  of  an  inch  and  a  half.    When  of 
less  strength  and  substance,  its  action  is  proportionately  limited.    There  are 
two  methods  by  which  a  tumour  may  be  attacked  and  destroyed  by  caustic 
paste  :  either  from  the  circumference,  or  from  the  centre.    When  the  tumour 
is  large  and  rapidly  growing,  it  may  Ije  most  advantageously  destroyed  from 
the  circumference,  at  its  junction  with  the  healthy  tissues.    This  may  be  done 
by  the  plan  adopted  by  Maisonneuve — of  making  the  paste  into  small  sticks,  or 
pencils,  which  arc  pushed  deeply  and  at  short  intervals  into  the  substance  of 
the  tumour  around  its  circumference,  so  that  its  tissue  becomes  penetrated  by 
the  action  of  the  caustic  in  all  directions,  and  its  vitality  thus  rapidly  destroyed. 
In  small  tumours,  and  those  that  grow  with  less  rapidity,  in  which  there  is  no 
great  risk  of  the  rapidity  of  their  growth  overtaking  and  passing  beyond  the 
destructive  effects  of  the  caustic,  the  paste  may  be  applied  to  and  around  the 
centre,  and  the  disease  in  this  manner  extirpated.    In  other  cases,  the  tumour 
may  be  deeply  and  rapidly  attacked  by  applying  a  layer  of  the  chloride  of  zinc 
paste  over  the  whole  of  its  surface.  The  slough  produced  by  this  application  is 
then  incised,  or  scored  longitudinally  at  equal  distances  of  about  half  an  inch, 
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until  the  parts  beneath,  to  which  the  caustic  has  not  penetrated,  are  i-eached  by 
the  incisions  so  made  :  pieces  of  lint  covered  wich  the  dehquesced  chloride  arc 
put  into  them,  and  afterwards  fresli  incisions  are  made  until  the  cauteriziii"- 
influence  has  extended  to  the  bottom  of  the  tumour,  which  finally  sloughs  out 
in  a  mass.  Of  the  utility  of  the  chloride  of  zinc  as  a  caustic,  there  can  be  uo 
doubt ;  but  the  chief  objection  to  its  use  lies  in  the  intensity  and  continuance 
of  the  pain  occasioned  by  it,  'J'his,  however,  may  be  lessened  by  an  admixture 
of  extract  of  opium,  or,  as  L.  Parker  has  suggested,  by  freezing  the  part  before 
the  caustic  is  applied,  or  by  the  hypodermic  injection  of  cocaine,  and  continu- 
ing the  application  of  the  fi-igorific  mixture  during  the  time  of  the  action  of 
the  caustic.  Landolfi  has  recoinmcnded  the  use  of  the  chloride  of  bromine  iu 
combination  with  those  of  gold  and  zinc  ;  but  this  caustic  does  not  appear  to 
possess  any  advantage  over  the  simple  chloride  of  zinc,  and  is  objectionable 
ou  account  of  the  fames  evolved  during  its  use.  ' 

Arsenic  is  a  powerful  caustic,  and  is  the  chief  ingredient  in  many  of  the 
secret  preparations  used  for  the  cure  of  cancer  by  empirics  ;  it  is,  however,  a 
dangerous  agent,  and  excites  great  inflammation  and  pain.  If  freely  used,  it 
may  induce  poisoning,  and  not  a  few  deaths  have  resulted  in  this  way,  and 
consequently  its  use  in  the  removal  of  tumours  has  been  abandoned. 

Sulphate  of  zinc,  dried,  finely  levigated,  and  made  into  a  paste  with  glycerine, 
or  an  ointment  with  lead,  has  been  very  strongly  recommended  by  Simpson, 
as  one  of  the  most  efficient  and  convenient  of  all  caustics  in. rodent  and 
cancerous  ulcers.  In  action  it  somewhat  resembles  the  chloride  of  zinc,  but 
is  less  painful. 

Of  all  these  caustics,  I  should  certainly  say  that  the  deliquesced  chloride  of 
zinc  is  the  safest  and  most  efficacious,  more  particularly  when  a  sciiThous 
tumour  has  to  be  destroyed.  When  an  encephaloid  fungus  has  to  be  attacked, 
the  concentrated  sulphuric  acid  is  prefei'able,  owing  to  its  coagulating  and 
hasmostatic  properties.  When  small  cancerous  sores  have  to  be  destroyed,  the 
nitric  acid,  the  arsenical  paste,  or  the  chloride  of  zinc,  made  into  a  paste  with 
flour  and  extract  of  opium,  may  very  conveniently  be  used. 

Compression  is  a  plan  that  was  at  one  time  greatly  extolled  and  at  another 
much  depreciated,  and  may  now  be  said  to  be  of  merely  historical  interest.  It 
■was  fully  tried  at  the  Middlesex  Hospital,  by  Young,  more  than  sixty  years 
at^o,  and"  unfavourably  reported  upon  by  Sir  Charles  Bell  at  that  time  ;  it 
consequently  fell  into  disuse  in  this  country,  but  was  revived  by  liccamier  in 
France,  and  employed  largely  by  him.  Although  he  published  a  favourable 
account  of  this  practice,  it  made  but  little  progress  among.«t  French  surgeons  ; 
the  only  one  who  seems  to  have  used  it  to  any  extent  being  Tauchou,  who 
employed  a  peculiar  topical  medication  conjoined  with  it.  In  this  country 
the  practice  fell  into  complete  oblivion,  until  J.  Arnott  invented  a  mode  of 
employing  pressure  by  means  of  an  elastic  air-cushion  ;  since  which  time  it, 
has  been  often  employed,  but  with  no  real  success  as  a  means  of  cure. 

Ill  employing  pressure,  Young  had  recoin-se  principally  to  jjlasters  and 
bandao-cs.  liccamier  used  amadou  applied  with  an  elastic  roller;  and  Tanchou 
recommended  spring-pads,  under  which  small  bags  or  pieces  of  cotton-wadding 
impregnated  with  various  medicinal  substances  were  placed,  so  as  to  protect 
the  skin  and  act  upon  the  tumour.  Ai-nott's  plan  consisted  of  pressure  exer- 
cised by  a  caoutchouc  air-bag,  held  in  ils  place  by  straps,  and  pressed  upon  by 
a  truss-spring,  the  pressure  exercised  by  which  was  made  to  vary  from  two- 
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and-a-half  to  twelve  or  even  sixteen  pounds.  I  have  employed  all  these  different 
plans,  but  have  never  found  permanent  advantage  from  any  of  them. 

That  indurated  masses  in  the  mamma  have  disappeared  under  this  treatment 
cannot  be  denied.  Walshe  records  such  a  case  in  his  Treatise  on  Cancer,  but 
the  well-known  difficulty  of  diagnosing  a  chronically  inflamed  lobule,  which 
would  probably  be  absorbed  under  pressure,  from  a  small  cancer,  makes  these 
few  isolated  cases  of  no  value  when  we  contrast  them  with  the  large  number 
of  failures  in  undoubtedly  cancerous  growths. 

But,  if  compression  cannot  be  shown  ever  to  have  cured  a  cancer,  can  it  not 
retard  the  progress  of  this  disease,  or  relieve  the  sufferings  attendant  upon  it  ? 
I  believe  that  in  some  cases  it  may  certainly  do  both,  though  in  others  it  is  as 
unquestionably  injurious.  It  appears  occasionally  to  retard  the  growth  of  the 
tumour  when  applied  in  the  early  stage,  simply  by  compressing  its  nutrient 
vessels,  and  so  diminishing  the  supply  of  blood  sent  to  it,  and  by  causing 
absorption  of  surrounding  inflammatory  infiltration  ;  in  these  cases'  likewise  it 
relieves  the  pain  for  a  time  by  lessening  the  turgescence  of  the  part.  In  other 
cases,  however,  I  have  known  it  to  act  injuriously  by  diffusing  the  tumour 
more  widely,  appearing  to  increase  the  tendency  to  implication  of  neighbour- 
ing parts,  and  occasioning  great  suffering.  When  the  tumour  is  ulcerated,  or 
if  the  skin  covering  it  be  inflamed,  pressure  cannot  be  employed  with  any 
advantage  ;  and,  most  commonly,  irritable  sensitive  patients  cannot  support 
the  constriction  of  the  chest  that  it  necessitates. 

Excision. — With  regard  to  the  question  of  removing  cancers  by  the  knife, 
the  same  difference  of  opinion  necessarily  exists  between  the  constitutionalists 
and  the  localists,  the  former  holding  the  view  that  however  the  primary 
disease  be  removed  recurrence  is  almost  inevitable,  and  the  latter,  that  if  the 
Surgeon  can  only  get  the  case  early  enough  and  remove  the  diseased  parts 
sufliciently  widely  a  cure  may  be  effected.  That  recurrence  after  removal  is 
the  rule  cannot  be  denied.  Sir  A.  Cooper  stated  that  in  only  nine  or  ten 
cases  out  of  a  hundred  did  the  disease  not  return  in  three  years  ;  Sir 
Benjamin  Brodie  found  that  it  generally  proved  fatal  in  two  or  three  years 
after  the  operation,  and  Sir  James  Paget  holds  the  same  opinion.  Of  late 
years,  since  antesthetics  have  made  it  possible  to  spend  a  longer  time  over  the 
operation,  and  antiseptic  treatment  has  removed  the  fear  of  large  wounds, 
many  Surgeons  have  advocated  a  more  free  removal  of  the  affected  parts  than 
was  formerly  practicable.  Thus  Ktister,  Kocher,  and  Mitchell  Banks  have 
advised  that  whenever  it  is  practicable  the  nearest  lymphatic  glands  should  be 
removed  with  the  primary  growth.  Operating  in  this  way  on  mammary 
cancers  with  very  free  removal  of  the  skin  and  extirpation  of  the  axillary 
glands,  Mitchell  Banks  has  obtained  most  excellent  results.  Out  of  forty-six 
cases  operated  on  by  him,  ten  patients  were  alive  and  free  from  recurrence  at 
different  periods,  varying  from  two  to  ten  years,  after  the  operation,  and  in 
five  more  no  recurrence  had  taken  place  from  one  to  two  years  after  the 
operation.  Ktister  states  that  in  26  per  cent,  of  his  cases  no  recurrence  had 
taken  place  three  years  after  the  removal  of  the  breast.  Tiie  possibility  of 
thus  freely  removing  the  diseased  parts  is  one  of  the  great  reasons  why  the 
knife  should  in  all  cases  be  preferred  to  caustics. 

In  determining  the  advisability  of  operating  in  cases  of  cancer,  several  ques- 
tions of  great  importance  present  themselves  to  the  consideration  of  the  Surgeon. 
He  has  first  to  consider  whether  the  operation  is  likely  to  rid  his  patient  cora- 
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pletely  of  the  disease  ;  or,  in  the  eveut  of  its  not  doing  so,  whether  life  may 
not  be  prolonged  by  the  removal  of  the  cancerous  tumour  ;  or,  lastly,  whether 
his  sufferings  may  not  be  much  lessened  by  the  removal  of  the  local  affection, 
although  there  be  no  prospect  of  really  prolonging  life. 

The  two  following  questions  will  therefore  present  themselves  to  the  Surgeon 
in  considering  this  subject. 

1.  Can  cancer  be  cured,  or,  rather,  completely  extirpated  from  the  system  Ijy 
excision  ? 

That  in  some  cases  a  cancerous  tumour  may  be  removed  with  every  expec- 
tation of  the  patient  being  completely  freed  from  the  disease,  cannot,  I  think, 
be  doubted.  Velpeau  states  that  he  has  perfectly  cured  patients  by  the 
removal  of  cancerous  tumours — at  least,  that  no  return  has  taken  place  for 
12,  15,  or  20  years  after  extirpation.  The  evidence  of  Brodie  on  this  point  is 
extremely  valuable  ;  writing  in  1846,  that  eminent  Surgeon  states  that, "  So  long 
ago  as  1832, 1  removed  a  breast  affected  with  a  scirrhous  tumour,  and  the  lady 
is  still  in  good  health — at  least,  she  was  so  last  year.  Since  the  operation  she 
has  married,  and  had  children.  Last  year  I  was  called  to  see  a  lady  on 
account  of  another  complaint,  on  whom  I  performed  the  operation  thirteen 
years  ago,  and  found  that  she  continued  free  from  the  old  disease  ;  and,  very 
lately,  I  have  heard  of  another  lady  whose  scirrhous  breast  I  removed  six 
years  ago,  and  who  continues  well."  The  opinion  of  Fergusson  is  also  very 
positive  on  this  point,  and  he  speaks  in  a  tone  with  which  I  perfectly  agree. 
He  says  :  "  Nevertheless,  as  excision  gives  the  only  chance  of  security — a 
point  on  which  most  parties  seem  to  agree — an  operation  should  always  be 
resorted  to,  provided  the  knife  can  be  carried  beyond  the  supposed  hmits  of 
the  disease  ;  and,  moreover,  I  deem  it  one  of  the  duties  of  the  practitioner  to 
urge  the  patient  to  submit  to  such  a  proceeding."  The  results  obtained  by 
Banks  and  Kilster  still  further  illustrate  the  possibility  of  occasionally 
eradicating  the  disease  by  operation.  In  squamous  and  columnar'  cancers  the 
prospects  of  cure  are  very  much  greater  if  the  case  be  taken  in  time. 

2.  If  cancer  cannot  be  actually  cured  by  excision,  may  not  life  be  prolonged 
and  health  improved  by  an  operation  ? 

I  am  decidedly  of  opinion  that  this  is  possible  ;  and  that,  though  a  patient 
may  at  last  be  carried  off  by  some  of  the  recurrent  forms  of  cancerous  disease, 
health  may  be  improved,  life  may  be  prolonged,  and  much  suffering  may  be 
spared,  by  a  timely  operation.  It  may  often  be  observed  that,  after  the 
cancer  has  been  removed,  the  digestion  becomes  stronger  and  the  patient 
gains  flesh  ;  the  colour  of  the  complexion  returns,  and  the  spirits  greatly 
improve  ;  the  system  being  relieved  from  a  som'ce  of  local  irritation,  and  the 
mind  from  a  cause  of  disquietude  that  has  undermined  the  general  health  of 
the  patient. 

I  think  that  the  introduction  of  anaasthetic  agents  into  operative  surgery 
has  very  materially  affected  the  bearings  of  this  important  question.  So  long 
as  an  operation  was  a  source  of  great  pain,  and  of  much  consequent  anxiety 
and  dread,  a  Surgeon  might  very  properly  hesitate  to  subject  his  patient  to 
severe  suffering  with  so  doubtful  a  result ;  but  now  that  a  patient  can  be 
freed  by  a  painless  procedure  Yrom  a  source  of  gi-eat  and  constant  annoyance 
and  suffering,  the  Surgeon  may  feel  himself  justified  in  thus  affording 
him  a  few  months  or  years  of  cojuparative  ease,  though  he  may  be  fully 
aware  that,  at  the  expiration  of  that  time,  the  affection  may  leturn,  and 
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will  then  certainly  prove  fatal.  Even  under  these  circumstances,  the  patient's 
condition  may  be  much  improved ;  for  the  recurrent  is  frequently  less  distress- 
ing than  the  primary  disease  ;  since,  as  it  often  takes  place  in  internal  organs, 
it  is  not  attended  with  the  same  amount  of  local  pain  and  distress. 

In  discussing  the  propriety  of  operating  in  a  case  of  cancer  the  Surgeon  can, 
however,  have  little  to  do  with  general  or  abstract  considerations.  It  will 
serve  him  little,  in  coming  to  a  conclusion  as  to  the  line  of  practice  that  he 
should  adopt,  to  refer  to  the  statistics  of  the  gross  results  of  operations,  or  to 
general  comparisons  between  the  results  of  cases  that  are  not  operated  upon 
and  those  that  are.  The  whole  question  narrows  itself  to  the  point,  as  to 
what  should  best  be  done  in  order  to  prolong  the  life  or  relieve  the  suflfering 
of  the  particular  individual  whose  case  is  being  considered.  In  order  to  come 
to  some  definite  conclusion  on  this,  it  is  necessary  to  classify  the  different  cases 
of  cancer,  and  to  arrange  them  under  the  heads  of  those  in  which  no  operation 
is  justifiable  ;  those  in  which  the  result  of  any  such  procedure  would  be  very 
doubtful  ;  and  those  in  which  an  operation  is  attended  with  a  fair  prospect  of 
success. 

Most  of  the  following  rules  apply  equally  to  true  cancers  and  the  malignant 
sarcomata  formerly  classed  as  such. 

In  no  case  should  any  operation  be  undertaken  till  the  liver  has  been  examined 
by  percussion  and  palpation  and  found  free  from  disease.  If  there  are  no 
symptoms  such  as  cough,  pleuritic  j)ain,  or  haemoptysis,  it  is  probable  that  a 
secondary  tmuom-  in  the  lungs,  even  if  present,  would  be  too  small  to  be  recognized 
by  any  method  of  pliysical  examination.  Still  it  is  always  safer  to  examine  the 
chest  also.  I  have  seen  a  case  in  which  a  Surgeon  removed  the  upper  jaw  for 
a  tumour  which  turned  out  to  be  a  secondary  scirrhus,  when  by  palpation  of 
the  abdomen  the  primary  tumour  of  the  pancreas  and  secondary  nodules  in 
the  liver  could  easily  have  been  felt.  I  know  also  of  another  case  in  which 
the  eyeball  was  removed  for  a  melanotic  sarcoma,  when  the  liver  was  studded 
with  secondary  growths  Avhich  could  readily  have  been  felt  through  the 
abdominal  walls.  In  such  cases  operation  is  clearly  improper.  The  urine 
should  also  in  every  case  be  examined  for  albumen  and  sugar. 

1.  Cases  not  proper  for  Operation. — (a)  It  is  a  rule  in  surgery  which 
should  never  be  deviated  from,  that  no  operation  should  ever  be  undertaken  for 
the  removal  of  a  malignant  gTowth,  unless  the  whole  of  the  tumour  and  the 
tissues  infiltrated  by  it  can  be  completely  removed.  It  is  necessary  to  remove 
not  only  the  tumour  but  the  surrounding  tissues  to  some  extent,  even  though 
apparently  healthy.  (1)  The  operation  ought  never  to  be  performed  in  cases 
in  which  several  malignant  tumours  exist  in  difi*erent  parts  of  the  body  at  the 
same  time.  Here  the  disease  has  evidently  affected  the  constitution,  and 
cannot  be  removed  by  any  series  of  operations,  (c)  If  the  '  cachexia  be 
strongly  marked,  it  is  useless  to  remove  the  local  affection,  as  probably  some 
secondary  visceral  tumour  is  already  forming,  {d)  If  the  tumour  be  of  very 
rapid  growth  and  soft,  and  its  margin  very  ill-defined,  it  has  probably  infected 
the  surrounding  tissues  so  Avidcly  that  it  will  speedily  reappear  in  the  cicatrix 
if  removed,  (e)  If  the  whole  of  the  afl^cted  organ  cannot  be  taken  away,  as 
a  bone,  or  if  the  skin  or  mucous  membrane  be  so  widely  affected  that  it  cannot 
be  removed,  or  if  lymphatic  glands  are  enlarged  which  cannot  be  dissected 
out,  it  is  useless  to  attempt  the  excision  of  the  ]Drimary  growth,  as  a  speedy 
relapse  will  certainly  ensue.    (/)  In  the  very  chronic  and  indurated  glandu- 
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lar  cancers  of  old  people,  it  is  often  well  not  to  interfere,  as  in  these  cases 
the  affection  makes  such  slow  progress,  that  it  does  not  in  any  way  shorten 
life,  whilst  the  operation  might  be  attended  with  serious  risk  at  an  advanced 
age. 

2.  Doubtful  Cases. — Those  cases  in  which  the  result  of  an  operation  is 
extremely  doubtful,  but  in  Avhich  no  other  means  offer  the  slightest  prospect 
of  relief,  have  next  to  be  considered,  (a)  Malignant  sarcomata  of  the  eye, 
and  cancers  of  the  tongue,  larynx,  and  testis,  belong  to  this  category  ;  for, 
though  more  liable  to  return  than  similar  affections  of  any  other  part  of 
the  l^ody,  yet  they  may  be  fit  cases  for  operation,  inasmuch  as  in  no  other 
way  has  the  patient  the  slightest  chance  of  being  relieved  fi'om  his  disease, 
(i)  In  cancers  that  are  already  ulcerated,  the  Surgeon  may  sometimes  operate 
in  order  to  give  the  patient  ease  fi-om  present  suffering,  or,  perhaps,  with  a 
view  of  prolonging  life  ;  but  he  can  have  little  expectation  of  effecting  a  per- 
manent cure,  (c)  If  the  tumour  be  so  large,  or  be  so  situated,  that  its  removal 
cannot  be  undertaken  without  so  serious  an  operation  as  to  occasion  in  itself 
considerable  risk  to  life,  the  propriety  of  operating  is  always  very  doubtful. 

3.  Cases  proper  for  Operation. — Those  cases  in  which  an  operation  is,  in 
my  opinion,  not  only  perfectly  justifiable,  but  should  be  urged  upon  the  patient, 
are  those  in  which  the  disease  has  originated  in  a  person  otherwise  in  good  health, 
and  in  whom  there  is  so  far  no  cachexy.  In  schirrous  cancer,  if  the  disease  be 
slow  in  its  progress,  single,  distinctly  circumscribed,  without  adhesions  to  or 
implication  of  the  skin  or  glands,  and  more  especially  if  it  be  attended  Avith 
much  pain,  or  with  immediate  risk  to  life  from  any  cause,  and  if  the  whole  of 
the  growth,  together  with  a  suflBcient  quantity  of  the  neighbouring  healthy 
tissues  in  which  it  is  embedded,  can  be  removed  with  ease,  the  case  may  be 
looked  upon  as  a  fit  one  for  operation.  If  the  glands  are  affected  to  a  limited 
degree,  and  only  to  such  an  extent  that  they  can  be  removed  without  danger, 
the  operation  should  still  be  urged  on  the  patient,  provided  the  general  health 
is  unimpaired.  In  encephaloid  cancer,  or  soft  malignant  sarcomata,  the  rapidity 
of  the  growth  need  not  deter  the  Surgeon  from  operating  provided  the  whole 
primary  tumour  and  the  large  lymphatic  glands,  if  present,  can  be  removed  ; 
early  operation  should  be  practised,  with  the  view  of  prolonging  life,  if  nothing 
more.  In  squamous  cancer  the  removal  of  the  primary  tumour  with  the  glands 
in  an  early  stage  of  infection  is  a  more  hopefal  proceeding  than  in  either  of  the 
forms  of  glandular  cancer. 

An  important  question  in  connection  with  operations  for  cancer  is,  at  what 
period  of  the  growth  they  may  be  done  with  the  best  prospect  of  success.  In 
former  times  Hervez  de  Chegoin  and  Leroy  d'litioUes  and  others  have  advocated 
delay,  asserting  that  the  results  obtained  were  better  Avhen  the  operation  v>-as 
performed  after  the  tumour  had  lasted  a  certain  time.  Such  a  statement  as 
this  can  only  have  been  the  result  of  imperfect  observation.  Other  things 
being  equal,  the  earlier  the  tumour  is  removed  the  better  the  chance  of  pro- 
longed or  permanent  relief.  There  is  no  fact  in  Surgery  more  certain  than 
this.  In  the  preceding  pages  it  has  been  pointed  out  how  strong  is  the 
evidence  that  all  cancers  are  primarily  local,  and  that  the  glands  and  after- 
wards the  viscera  become  infected  by  actual  particles  of  the  tumour  trans- 
planted to  them  from  the  original  growth.  Accepting  this  as  true,  it 
necessarily  follows,  as  was  pointed  out  by  De  Morgan,  that  the  disease  may 
be  local  and  capable  of  complete  removal  up  to  a  certain  moment,  and  the 
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next  it  may  have  extended  beyond  the  reach  of  operative  interference.  We 
cannot  possibly  tell  when  this  eventful  change  takes  place.  All  we  can  do  is 
to  try  to  anticipate  it  by  operating  at  the  earliest  possible  time.  Not  a  day 
should  be  lost  after  the  disease  is  recognized.  In  doubtful  cases  it  is  far 
better  not  to  wait  till  unequivocal  signs  of  the  malignant  nature  of  the  growth 
appear,  but  to  cut  into  it,  and  if  necessary  to  remove  a  shoe  for  examination 
at  the  earliest  possible  time,  proceeding  immediately  to  complete  removal  if  it 
is  found  to  be  malignant.  Errors  wih  arise,  do  what  we  will  to  prevent  them, 
and  it  is  far  better  to  err  by  making  an  unnecessary  incision,  or  even  removing 
a  mass  of  chronically  inflamed  tissue  or  a  syphilitic  gumma,  than  to  leave  a 
cancerous  growth  till  its  complete  extirpation  becomes  impossible. 

EXCISION   OP  TUMOURS. 

In  describing  the  diiferent  forms  of  cysts,  the  operative  procedures  necessary 
for  their  removal  have  been  adverted  to.  "We  may  now  conveniently  consider 
the  steps  that  are  generally  necessary  for  the  extirpation  of  solid  tumours  from 
the  soft  parts. 

Tumours  may  be  removed  by  the  knife,  by  the  ecraseur,  by  the  cautery,  or 
by  ligature. 

Removal  of  Tumours  Ijy  the  Knife. — In  the  removal  of  tumours,  the 
first  point  to  be  attended  to  is  the  arrangement,  shape,  and  direction  of  the 
necessary  mcisions.  These  should  not  only  have  reference  to  the  size  of  the 
growth,  but  must  also  be  planned  with  due  regard  to  subjacent  parts  of  im- 
portance. As  a  general  rule,  they  should  be  carried  in  the  direction  of  the 
axis  of  the  limb  or  part,  and  parallel  to  the  course  of  its  principal  vessels ;  they 
must  extend  not  only  over  the  whole  length  of  the  tumour,  but  also  a  little 
beyond  it  at  each  end  :  no  cross-cuts  should  be  made,  if  they  can  be  avoided, 
and  this  may  usually  be  done  by  attention  to  the  proper  position  and  extent 
of  the  linear  incisions.  In  removing  a  simple  tumour,  no  skin  should,  as 
a  rule,  be  taken  away,  a  simple  cut  being  made  ;  but  if  the  integumental 
tissues  be  either  very  abundant  and  loose,  or  adherent,  an  elliptical  portion 
of  them  may  be  excised  together  with  the  tumour.  In  other  instances,  again, 
a  semilunar  flap  of  integument  may  with  advantage  be  turned  up  fi'om  the 
tumour,  the  surface  of  which  is  then  fairly  exposed  ;  this,  however,  can  be 
done  only  in  some  simple  tumours,  such  as  fatty  growths.  In  excising 
malignant  tumours  the  skin  must  in  most  cases  be  freely  cut  away.  It  is 
better  to  leave  a  healthy  surface  to  heal  by  granulation,  than  not  to  take 
away  any  part  of  the  skin  which  may  be  infected  by  the  growth.  The  flaps 
covering  the  growth  should  be  freely  but  cautiously  dissected  back,  so  as  to 
expose  its  sides  and  base  ;  as  these  are  approached,  and  the  Surgeon  reaches 
the  neighbourhood  of  its  more  important  and  deeper  connections,  increased 
care  will  be  necessary,  as  it  not  unfrequently  happens  that  the  tumour  is  in 
closer  relations  with  deep-seated  blood-vessels  and  nerves  of  a  large  size  than 
would  at  first  appear. 

When  practicable,  the  deep  dissection  will  best  be  commenced  and  carried 
out  from  that  part  of  the  base  of  the  tumour  into  which  the  principal  blood- 
vessels appear  to  enter ;  they  are  thus  early  cut,  and  being  once  ligatured,  or 
seized  in  catch-forceps,  give  no  further  trouble,  which  they  would  do  were 
they  divided  from  the  direction  of  tlieir  branches  towards  the  trunk,  when  at 
each  successive  stroke  of  the  knife  a  fresh  portion  of  the  vessel  would  be 
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touched.  In  carrying  on  this  deep  dissection,  the  operator  should  proceed 
methodically  from  one  side  of  the  tumour  to  the  other,  the  assistants  holding 
aside  the  skin  so  as  to  give  as  much  room  as  possible,  whilst  the  Surgeon  himslt^ 
seizing  the  mass  with  his  left  hand,  or  with  a  large  double  hook  or  volsella, 
and  dragging  it  well  forward,  uses  the  knife  by  successive  strokes,  but  in  a 
leisurely  and  careful  manner,  avoiding  all  undue  haste,  until  he  completely 
detaches  it  from  its  connections.  The  safety  of  contiguous  important  struc- 
tures will  be  best  secured  by  keeping  the  edge  of  the  knife  constantly  directed 
towards  the  tumour,  if  this  be  non-malignant;  by  attention  to  this  rule, 
tumours  may  be  removed  with  remarkable  safety  and  ease  from  the  neigh- 
bourhood of  most  important  parts.  If,  however,  the  growth  be  malignant,  the 
incisions  must  be  made  wide  of  the  disease  into  the  healthy  structures  around ; 
unless  this  be  done,  portions  of  the  tumour  may  be  left  from  which  fresh 
growths  wiU  rapidly  sprout,  or  tissues  apparently  healthy  may  be  left  which 
are  in  reality  impregnated  with  cancer-cells. 

After  the  tumom'  has  been  removed,  it  must  be  carefully  examined,  with 
the  view  of  ascertaining  whether  it  be  entire  ;  and,  if  any  portions  have  been 
left,  these  must  be  properly  dissected  out.  In  some  situations,  as  the  axilla, 
the  side  of  the  neck,  or  the  groin,  where  the  relations  are  of  great  importance, 
the  less  the  edge  of  the  knife  is  used  the  better,  and  the  growth  should  be 
enucleated  by  the  Surgeon's  fingers  or  by  the  handle  of  the  scalpel. 

In  removing  tumours  from  the  neck  or  axilla  the  danger  of  the  entrance  of 
air  into  a  half-divided  vein,  held  open  by  the  traction  on  the  tumour,  must 
never  be  forgotten.    {See  p.  485.) 

The  Surgeon  should  rarely  undertake  the  removal  of  tumours  that  cannot  be 
wholly  and  entirely  extirpated,  as  the  part  left  will  always  grow  with  greatly 
increased  rapidity,  often  assuming  a  fungous  character ;  this  is  especially  the 
case  with  malignant  tumours,  the  rapidity  of  increase  of  which  is  greatly 
augmented  by  partial  operations.  The  only  exception  to  this  rule  is  that  a 
large  ulcerating  and  necrosing  mass  may  occasionally  be  removed  with  the 
view  of  giving  the  patient  temporary  ease. 

Should,  however,  the  Surgeon  have  begun  the  operation  with  the  intention 
of  removing  the  whole,  and  have  been  deceived  as  to  the  depth  and  connections 
of  the  mass ;  if,  for  instance,  he  find,  after  commencing  his  operation,  that 
the  tumour  extends  more  deeply  than  had  been  anticipated,  and  comes  into 
close  relation  with  important  vessels,  as  at  the  summit  of  the  axilla  or  in  the 
perinseum,  thus  preventing  him  from  dissecting  it  out  without  imminent  risk 
of  destroying  the  patient,  the  only  alternative  left  is  one  that  I  have  seen 
Liston  adopt,  and  have  had  occasion  myself  to  practise ;  viz.,  to  throw  a 
strong  ligature,  above  the  apex  of  the  growth  as  high  up  as  practicable,  and 
then  to  cut  ofi"  eveiything  below  this.  On  the  separation  of  the  ligatm-e,  any 
portion  of  the  tumour  that  has  been  included  will  be  brought  away  as  if  it 
had  been  removed  by  the  knife. 

In  some  cases  it  will  be  found,  after  dividing  the  fascia  covering  the  tumour, 
that  the  attachments  of  the  growth  are  not  so  firm  or  deep  as  had  been  jjre- 
viously  expected  ;  this  is  especially  the  case  in  some  large  tumours  springing 
from  the  side  of  the  neck  and  the  parotid  region,  or  in  the  groin.  The  growth 
may  then  often  be  removed  in  a  great  measure  by  separating  the  areolar  tissue 
with  the  handle  of  the  knife,  merely  dividing  those  portions  of  the  deeper 
attachments  that  -are  peculiarly  dense. 
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If  very  free  bleeding  takes  place  during  the  operation  two  courses  are  open 
to  the  Surgeon  :  he  may  either  finish  the  operation  with  the  greatest  possible 
rapidity,  even  perhaps  cutting  through  outlying  lobules  of  the  growth  and 
leaving  them  to  be  taken  out  afterwards,  or  he  may  arrest  the  bleeding  as  he 
goes  on  by  forci-pressure  forceps  (p.  422)  or  ligature.  The  former  plan  is  best 
if  the  bleeding  is  from  multitudes  of  small  vessels  ;  the  latter,  if  it  proceeds  from 
a  few  large  trunks.  In  difficult  dissections  the  parts  should,  when  possible, 
be  rendered  bloodless.  Where  this  is  impossible  the  oozing  may  be  best 
arrested  by  the  apphcation  of  hot  water  (p.  415). 

The  wound  that  is  left  after  the  removal  of  a  tumour  usually  unites  readily 


Fig.  405.— Cliassaigiiao's  Steel  Chain  Ecraseur. 


by  first  intention  if  properly  drained  and  dressed  by  one  of  the  antiseptic 
methods  described  in  the  chapter  on  the  treatment  of  wounds.  If  imperfectly 
drained,  and  if  the  cavity  be  allowed  to  become  filled  with  decomposing  dis- 
charges, severe  fever  and  prolonged  suppuration  will  almost  certainly  result. 

Removal  of  Tumours  by  the  Ecraseur. — The  ecraseur  was  invented  by 
Chassaignac.  It  consists  of  a  loop  of  chain  of  fine  steel  or  twisted  wire  (thick 
piano  wire  is  the  best),  which,  having  been  passed  over  the  tumour  or  through 
the  tissues  to  be  removed,  is  gradually  tightened  by  a  mechanism  in  the  stem 
to  which  it  is  attached.  In  applying  this  instrument  it  is  often  necessary, 
first  of  all,  to  insulate  and  raise  the  tumour  to  be  removed  by  passing  a  thread 


Fig.  406. — Ecraseur  api^lieil. 


through  or  under  it  (Fig.  406) ;  and  then,  having  applied  the  loop  of  the 
chain  round  its  base,  to  tighten  this  and  effect  the  strangulation  by  working 
the  handle  every  ten  or  fifteen  seconds,  until  the  mass  is  detached. 

By  means  of  the  iScraseur  (Pig.  405),  cancerous  and  other  growths  of  con- 
siderable size  are  removed  with  little  or  no  hjEmorrhage,  in  the  course 
of  a  few  minutes,  by  a  process  of  rapid  strangulation  and  crushing.  The 
resulting  wound  is  small  and  puckered  in,  and  often  heals  with  but  little 
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trouble.  If  the  mass  to  be  removed  be  large,  two  or  more  ecraseurs  may  be 
used  at  the  same  time,  the  chains  having  been  passed  through  the  tissues  by 
means  of  a  needle.  The  action  of  the  ecraseur  differs  according  to  the  kind 
of  instrument  used.  Chassaignac's  original  Ecraseur,  armed  with  a  steel  chain, 
and  having  a  to-and-fro  movement,  acts  like  a  saw.  That  which  is  now 
often  employed  (see  Vol.  ii..  Diseases  of  the  Tongue)  acts  as  a  simple  con- 
strictor ;  and  its  use  is  therefore  less  likely  to  be  followed  by  haemorrhage. 
This  instrument  appears  to  me  to  be  applicable  chiefly  to  cases  in  which,  as  in 
epithelioma  of  the  tongue,  excision  is  hazardous  on  account  of  the  haemorrhage 
attending  it,  while  the  ligature  is  objectionable  on  account  of  the  foetor  and 
discharge  resulting  from  the  slow  separation  of  the  constricted  mass,  which 
sloughs  and  becomes  putrescent.  The  French  Surgeons,  however,  extend  the 
use  of  the  ecraseur  to  many  cases  in  which  in  this  country  the  knife  is  pre- 
feiTed.  They  suppose  that  pytemia  is  less  likely  to  follow  removal  by  this 
instrument  than  by  the  more  ordinary  means,  purulent  absorption  less  readily 
occurring  while  the  vessels  on  the  cut  surface  are  crushed  together.  Expe- 
rience has  not,  however,  shown  this  to  be  the  case. 

A  modification  of  the  ecraseur  in  which  the  wire  was  heated  by  electricity 
at  the  same  time  that  the  noose  was  gradually  drawn  in  was  much  in  use  a  few 
years  ago.  The  galvanic  ecraseur  has,  however,  fallen  somewhat  into  dis- 
repute. The  increased  rapidity  with  which  it  cut  the  tissue,  and  the  perfect 
absence  of  heemorrhage  during  the  operation,  seemed  at  first  great  points  in  its 
favour ;  but  experience  showed  that  the  wound  left  was  more  likely  to  slough, 
and  secondary  hsemorrhage  much  more  frequently  occurred  than  after  the  use 
of  the  simple  ecraseur. 

The  ecraseur  is  undoubtedly  a  useful  and  valuable  instrument,  but  it  should 
never  be  employed  when  the  knife  can  be  safely  used. 

Paquelin's  Cautery  has  in  many  cases  superseded  the  ecraseur  in  the 
removal  of  tumours.  The  red-hot  knife  of  this  instrument  divides  the  tissues 
cleanly,  and  efficiently  arrests  hEemon-hage.  The  heat  at  which  it  can  be  used 
may  be  easily  regulated,  and  if  not  raised  above  a  dull  red  heat  secondary 
hemorrhage  rarely  follows  its  employment.  In  removing  superficial  growths, 
such  as  an  epithelioma  of  the  vulva,  it  can  be  used  at  a  higher  temperature. 
It  then  arrests  the  parenchymatous  oozing,  but  leaves  the  large  vessels 
spouting,  so  that  they  can  easily  be  secured  by  ligatm-e.  When  used  at  this 
temperature  it  cuts  more  quickly  and  cleanly,  and  chars  the  tissues  moxQ 
superficially,  and  leaves  a  surface  on  which  a  scarcely  appreciable  layer  of 
slough  is  formed. 

The  Ligature  is  now  never  used  except  for  pedunculated  growths  or  for 
nsevi.  It  was  formerly  applied  to  small  epitheliomata  of  the  tongue,  but  the 
presence  of  the  foul  sloughing  tumour  in  the  mouth  w^as  not  only  impleasant 
but  a  positive  source  of  danger  to  the  patient.  When  the  ligature  is  apphed, 
the  part,  having  been  well  insulated,  and  eflfectually  strangled  by  stout  whip- 
cord ligatures,  sloughs  and  separates  in  a  few  days. 

A  modification  known  as  the  elastic  liyoJurc  was  introduced  into  practice  by 
Dittel  some  years  ago.  It  consists  of  a  thin  band  of  india-rubber,  which  is 
tied  round  the  mass  to  be  removed,  and  gradually  tightened  as  it  cuts  its  way 
through.  It  is  possible  that  such  a  means  may  be  useful  in  certain  small 
pedunculated  growths,  which  dry  on  bciug  strangled  ;  but  its  application  to 
large  tumours,  aa  of  the  breast,  is  simply  a  revival  of  mediajval  barbaiism  with 
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the  aid  of  modern  appliances.  The  slowness  of  its  action,  the  pain  as  it  cuts 
through,  the  large  wound  that  is  left,  the  foetor  from  the  necrosed  tumour, 
and  the  chance  of  septic  infection  from  this  cause,  all  tend  to  make  it  a  method 
that  should  be  avoided  whenever  the  knife  can  be  employed.  Far  more 
tedious,  and  certainly  not  safer  than  the  knife,  it  is  also  inferior  to  caustics, 
which  at  all  events  aiTesfc  putrefaction,  and  many  of  which,  as  chloride  of  zinc, 
have  a  powerful  antiseptic  action. 
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SCROFULA  AND  TUBERCLE. 

Scrofula  is  a  constitutional  condition  predisposing  to  chronic  inflammation 
of  a  peculiar  type,  affecting  various  parts  or  tissues.  Tubercle  is  a  growth  of 
a  new  tissue,  presenting  peculiar  anatomical  and  vital  characteristics.  The 
relation  between  the  constitutional  condition  called  scrofula  and  the  develop- 
ment of  tubercle  has  formed  an  endless  subject  of  discussion,  and  is  still  very 
far  from  being  determined. 

Tubercle. — The  clearest  idea  of  tubercle  will  be  obtained  by  considering 
first  the  typical  microscopic  changes,  and  subsequently  the  naked  eye  appear- 
ances to  which  they  give  rise.  The  anatomical  structure  which  is  generally 
recognized  as  characteristic  of  tubercle  is  the  tubercular  nodule,  or  foUicle,  as 

it  has  been  called.    This  consists  of  a  rounded 
i..        mass  of  cells  in  which  three  zones  can  be  usually 
recognized.    In  the  centre  are  one  or  more  large 
■  -  -  many-nucleated  cells,  with  more  or  less  well 

g>  marked  branching  processes — the  so-called  "  giant- 

cells  "  of  tubercle.  The  nuclei  are  most  com- 
monly  arranged  round  the  outer  border  of  the 
'  cell,  or  may  be  collected  together  at  one  end  ; 
they  are  large  and  clearly  defined,  of  oval  form, 
and  contain  one  or  two  nucleoli.  The  proto- 
plasm is  coarsely  granular.  The  next  zone  is 
composed  of  large  cells,  with  granular  protoplasm 
Fig.  407.-Tu»  Bacimiua     ^^^^^^^^^^  ^  gi^gi^  clcarfy  defined  oval  nucleus, 

similar  to  those  of  the  giant-cell.  These  cells  are 
called  epithelioid,  from  their  resemblance  to  young  squamous  epithelium. 
They  lie  between  the  processes  of  the  giant-cell.  The  outer  zone  is  composed 
of  ordinary  lymphoid  corpuscles,  diifering  in  no  respect  from  the  migrating 
leucocytes  observed  in  other  forms  of  inflammation.  Between  the  cells  of  the 
outer  zones  is  an  imperfect  reticular  stroma,  with  which  the  processes  of  the 
giant-cell  are  said  to  be  continuous.  No  vessels  penetrate  amongst  the  cells, 
and  this  want  of  vascularity  forms  one  of  the  most  important  and  distinctive 
features  of  tubercle.  A  single  nodule,  such  as  has  just  been  described,  forms  a 
small  rounded  body  just  visible  to  the  naked  eye.  This  structure  has  long  been 
recognized  as  that  most  characteristic  of  tubercle,  but  none  of  its  indiAidual 
elements  are  peculiar  to  it,  nor  is  the  typical  follicle  always  met  with  in 
undoubtedly  tubercular  growths.  Sometimes  the  giant-cells  and  epithelioid 
cells  are  Avanting,  the  nodule  being  composed  merely  of  a  heaped-up  mass  of 
lymphoid  corpuscles.  In  other  cases  the  giant-cell  may  be  easily  recognized, 
but  it  is  closely  sun-ounded  by  lymphoid  corpuscles  M'ithout  the  intervention 
of  the  epithelioid  zone.  The  stroma  between  the  lymphoid  cells  which  was  at 
one  time  consfdered  very  characteristic,  and  compared  to  that  of  a  lymphatic 
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g-land,  is  never  very  clearly  defined,  and  is  probably  chiefly  produced  by 
coagulation  of  a  homogeneous  intercellular  substance  by  the  reagents  used  in 
hardening  the  specimen.  Although,  therefore,  when  grouped  as  above 
described,  the  cell-elements  are  characteristic  of  tubercle,  they  are  by  no 
means  so  when  taken  individually.  The  lymphoid  cells  differ  in  no  respect 
from  those  met  with  in  simple  inflammation,  and  epithelioid  cells  and  giant- 
cells  are  met  with  in  other  chronic  inflammatory  processes.  Ziegler  and 
Tillmanns  have  shown  that  similar  cells  are  produced  when  granulation-tissue 
is  made  to  grow  between  two  thin  glass  slides  inserted  into  the  peritoneal 
cavity  or  beneath  the  skin  of  a  rabbit.  The  giant-cells  of  tubercle  present, 
however,  certain  pecuharities  which  usually  make  it  possible  to  identify  them 


Fig.  40S. — A  group  of  Tubercle  Follicles  in  a  mass         Fig.  409. — A  Tubercle  Follicle  more 
of  soft  granulation-tissue  from  a  case  of  white  liiglily  magnified,  showing  a  giant- 

swelling  of  the  knee.  cell  surrounded  by  epitlielioid  cells 

and  lymphoid  corpuscles. 


■Rath  some  degree  of  certainty.  There  are  four  forms  of  multinuclear  cells 
from  which  they  have  to  be  distinguished  ;  first,  those  of  simple  chronic 
inflammation  ;  secondly,  those  of  syphilitic  growths  ;  thirdly,  the  large  cells 
found  in  the  destructive  processes  in  bone  (osteoclasts)  ;  and,  fourthly  the 
many-nucleated  cells  of  a  myeloid  tumour.  From  the  first  and  second  they 
may  commonly  be  distinguished  by  their  greater  size  and  by  the  processes 
extending  from  them  into  surrounding  parts.  Osteoclasts  are  smaller,  have 
no  processes,  and  lie  in  immediate  contact  with  the  bone,  filling  a  hollow  in 
its  substance  (Howship's  lacuna),  while  a  tubercular  giant-cell  is  always 
surrounded  by  leucocytes.  In  myeloid  cells  the  masses  often  reach  a  great 
size  and  the  protoplasm  is  less  granular.  The  gTcat  distinctive  feature  how- 
ever is  in  the  arrangement  of  the  nuclei.  In  all  forms  of  giant-cell,  except 
the  tubercular,  the  nuclei  are  scattered  more  or  less  uniformly  through  the 
protoplasm  ;  in  the  tubercular  they  are  gathered  together  either  at  the 
circumference  or  at  one  eud  or  at  both  with  their  long  axes  directed  more  or 
less  uniformly  towards  the  centre  of  the  cell. 

The  observations  of  Villemin,  Wilson  Fox,  Cohnheim,  and  many  others, 
had  shown  clearly  that  tubercle  is  an  infective  process,  but  the  whole  subject 
was  involved  in  much  obscurity  till  in  1882  Koch,  by  a  new  method  of 
staining,  discovered  in  the  tubercular  nodule  a  specific  microscopic  organism 
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to  which  he  gave  the  name  of  lacillus  tuherculosis.  It  is  a  non-motile  rod- 
shiiped  fimgus  with  a  slight  longitudinal  curve,  and  about  equal  in  length  to 
one-third  of  the  diameter  of  a  red  blood-corpuscle,  and  its  breadth  is  about 
one-fifth  of  its  length.  Clear  bright  dots  are  often  seen  in  it  which  there  is 
every  reason  to  believe  are  spores.*  The  bacilli,  according  to  Koch,  are 
intimately  related  to  the  giant-cells.  As  soon  as  these  make  their  appearance, 
they  are  seen  to  contain  bacilli.  In  slowly  growing  tubercle  the  organisms  are 
very  few  in  number  and  almost  exclusively  contained  in  the  giant-cells,  some- 
times only  one  in  each.  Under  these  circumstances  it  is  evident  that  the 
bacilli  can  only  be  discovered  with  great  difficulty,  and  unless  the  section 
through  the  giant-cell  happens  to  hit  the  exact  situation  of  the  organism,  and 
to  be  parallel  to  its  long  axis,  it  may  appear  that  none  is  present.  In  more 
acute  processes  the  cell  may  be  crowded  with  bacilli,  and  they  may  burst 
beyond  its  limits  extending  amongst  the  surrounding  epithelioid  and  lymphoid 
cells.  Koch  has  demonstrated  the  curious  fact  that  the  nuclei  of  the  giant- 
cell  lie  as  far  removed  from  the  bacillus  as  possible,  so  that  the  idea 
involuntarily  arises  in  the  mind  that  there  must  be  some  kind  of  antagonism 
between  them  and  the  parasite. 

The  proof  that  the  bacillus  is  the  actual  virus  of  tubercle  has  been  obtained 
in  the  same  manner,  as  in  the  case  of  other  pathogenic  organisms.  Its  presence 
has  been  demonstrated  in  the  diseased  tissues,  first  by  microscopic  observation, 
and  secondly  by  cultivation  experiments.  The  bacillus  has  been  cultivated 
to  many  generations  out  of  the  body,  and  then  inoculated  on  animals  with  the 
effect  of  giving  rise  to  genuine  tubercle,  in  which  again  the  organism  was 
found  on  microscopic  examination.  Cultivation  from  human  tubercle  is  not 
easy,  and  requires  much  special  management  and  apparatus,  and  in  many 
tubercular  diseases  it  is  very  difficult  to  find  the  baciUus  by  the  microscope.  Its 
presence  has,  however,  been  proved  by  the  inoculation  of  the  doubtful  material 
into  the  anterior  chamber  of  the  rabbit's  eye.  -  This  is  followed,  if  the  bacillus 
is  present,  by  tubercular  disease  of  the  iris,  and  subsequently  by  general  tuber- 
culosis, the  bacillus  then  being  found  in  the  diseased  tissues.  This  method  is 
free  from  error  as  the  rabbit's  eye  is  never  the  seat  of  spontaneous  tubercular 
disease. 

The  explanation  which  may  be  given  of  the  process  up  to  this  point  is, 
therefore,  that  the  bacillus,  either  in  its  fully  developed  state,  or  as  a  spore, 
becomes  lodged  at  the  point  at  which  the  tubercle  follicle  subsequently  forms. 
It  may  come  there  by  the  blood  or  lymph  stream,  and  is  possibly  carried  by  a 
white  blood-corpuscle  which  has  taken  it  up  into  its  substance.  When  it 
lodges  it  causes  a  local  irritation,  and  the  formation  of  the  follicle  represents 
the  eff'ort  of  the  tissues  to  expel  or  destroy  the  invading  parasite.  The  first 
effect  of  the  irritation  is  to  cause  an  abundant  migration  of  leucocytes  from 
the  surrounding  vessels.  These  press  upon  the  surrounding  tissues,  destroy 
them,  and  occupy  their  place,  exactly  as  in  any  other  inflammatory  process 
(p.  157).  There  is  no  reason  to  believe  that  the  original  cells  of  the  part  take 
any  share  in  the  formation  of  the  actual  tubercle  follicle  although  they  probably 
do  in  the  changes  that  occur  around  it.  The  giant-cell  is  commonly  believed  to 
be  formed  by  fusion  of  a  number  of  these  leucocytes  round  the  bacillus. 

*  For  tlie  ilctiiilij  of  the  iiiorlo  of  prcimrHlioii  nnd  cultivntion  of  llie  baciUus  of  lii1)ci-clc  tlic  reader  is 
referred  to  Kocli's  jmper,  translaled  by  Boyd  (Micro-organisms  in  Disease,    New  Sydenliaiii  Society,  ISSC) 
and  to  Crooksliank's  liactcriology. 
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l^hat  such  a  process  is  possible  is  suggested  by  the  observations  of  Metschmkoff 
on  certain  molluscs  in  which  he  watched  the  fusion  of  cells  round  bacilh 
experimentally  introduced.  Other  views  have,  however,  been  held  as  to  their 
oric^in,  and  Treves  has  maintained  that  they  are  merely  lymph-coagula 
enclosing  some  of  the  smaller  cells.  The  epithelioid  cells  are  formed  probably 
in  the  same  way,  or  by  growth  from  lymphoid  cells.  The  lymphoid  cells 
around  are  merely  migrated  corpuscles.  If  the  cells  destroy  the  bacillus  the 
process  comes  to  an  end,  the  migrated  cells  disappear,  and  repair  takes 
place  in  the  ordinary  way,  probably  from  the  original  cells  of  the  part,  a  small 
fibrous  nodule  remaining  in  the  site  of  the  tubercle  foUicle.  If  the  bacillus 
overpowers  the  cells,  it  multiplies,  and  subsequently  spreads  by  invasion,  into 
the  sm-rounding  parts.  The  e\adent  irritation  of  the  tissues  round  the  bacillus 
is  supposed  to  be  due  to  the  chemical  products  formed  by  the  organism  in  its 
growth. 

If  the  morbid  process  continues  to  advance,  the  next  change  observed  m  the 
follicle  is  the  fatty  degeneration  of  the  central  part.  The  tubercle  follicle,  as 
before  stated,  contains  no  new  vessels  ;  thus,  as  it  increases  in  size,  degeneration 
necessarily  takes  place  in  its  central  part.  Granules  appear,  first  clouding  the 
cells  and  obscuring  the  nuclei,  and  subsequently  complete  degeneration  takes 
place,  and  the  central  part  of  the  follicle  becomes  merely  a  granular  cheesy 
mass  in  which  no  cell-structures  are  recognisable.  In  the  process  of  degene- 
ration the  lymphoid  corpuscles  become  withered  and  shrunken  and  granular 
before  complete  disintegration.  In  this  state  they  were  observed  by  Lebert 
and  believed  to  be  characteristic  of  tubercle,  and  hence  he  named  them 
Tubercle-Corpuscles.  This  is  the  process  of  Caseation  of  tubercle.  It  has 
been  asserted  that  this  caseation  may  be  the  result  of  a  simple  chronic  inflam- 
matory process  arising  from  various  causes,  and  that  the  bacillus  finds  a  nidus 
for  its  growth  in  the  degenerated  tissues.  Koch  distinctly  denies  this.  He 
asserts  that  the  bacilli  can  be  recognised  only  before  caseation  takes  place,  and 
that  as  degeneration  progresses  they  either  perish  or  break  up,  leaving  their 
spores  behind.  That  the  latter  is  probably  the  case  is  shown  by  the  fact 
that  although  no  bacilli  can  be  recognised  in  the  cheesy  mass,  it  still  retains 
its  virulent  properties  when  inoculated  on  an  animal. 

Even  after  caseation  recovery  may  take  place.  The  bacillus  may  perish, 
the  cheesy  nodule  may  gradually  become  dryer  and  firmer  and  be  encap- 
suled  in  a  zone  of  fibrous  tissue  formed  from  the  sun-ounding  parts  ;  or 
lime  salts  may  be  deposited  in  it  and  it  may  become  calcified,  and  this 
may  remain  harmlessly  embedded  in  fibrous  tissue.  In  bone  it  may  be  sur- 
rounded, according  to  Nelaton,  by  a  thin  capsule  of  dense  osseous  tissue. 

In  other  cases,  after  caseation,  it  may  soften,  inflammation  and  suppuration 
may  occur  round  it,  and  it  may  be  expelled  as  a  foreign  body.  However 
widely  the  tubercular  process  spreads,  it  consists  merely  of  a  repetition  and 
extension  of  the  changes  here  described.  The  more  acute  the  process  the 
less  clearly  will  the  individual  foUicles  be  marked,  and  the  more  it  will 
take  the  form  of  a  uniform  small-celled  invasion  of  the  surrounding  struc- 
tures. If  the  morbid  process  continues  to  extend,  invading  surrounding 
parts,  it  often  causes  extensive  destruction  of  tissue. 

The  extension  of  tubercle  takes  place  in  various  ways.  It  is,  of  course, 
evident  that  it  can  occur  by  direct  infection  of  contiguous  parts.  The  bacillus 
itself  is  non-motile  and  cannot  migrate,  but  Koch  believes  that  the  organism 
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may  be  taken  up  by  ^vanderinfr  cells  which  subsequently  enter  the  lymph- 
stream  and  are  thus  carried  to  other  parts,  either  near  the  original  focus  or  at 
a  distance,  bearing  the  organism  with  them.  The  actual  presence  of  bacilli 
in  the  corpuscles  has  been  demonstrated  by  Koch  after  injection  of  the 
organism  into  the  blood-stream.  In  this  way  we  may  find  the  new  follicles 
dotted  closely  round  the  primary  focus.  The  well  known  frequency  with 
which  the  disease  implicates  the  nearest  lymphatic  glands  is  further  evidence 
of  this  mode  of  propagation.  In  the  same  way  the  virus  may  enter  the  blood- 
stream and  be  disseminated  through  the  body  to  distant  parts.  Again,  it 
easily  spreads  over  a  surface  such  as  the  synovial  membrane  of  a  joint  or  a 
mucous  membrane.  Thus  we  see  in  white  swelling  of  the  knee  that  after 
infection  of  the  joint  from  a  small  tubercular  centre  in  the  bone  the  whole 
synovial  surface  becomes  quickly  affected,  and  in  tubercular  disease  of  the 
kidney  we  find  infection  of  the  ureter  and  bladder. 

The  local  eflFect  produced  by  tubercular  infection  varies  very  greatly  nnder 
different  circumstances.  It  has  been  pointed  out  in  the  Chapter  on  Inflam- 
mation that  the  effect  of  an  irritant  varies,  first,  with  the  intensity  of  the 
irritant  itself ;  secondly,  with  the  resisting  power  of  the  tissues,  and  thirdly, 
with  the  presence  or  absence  of  accessory  sources  of  irritation.  The  actual 
infective  power  of  the  tubercle  bacillus,  and  the  intensity  of  the  irritation 
produced  by  it  alone,  seem  to  be  not  very  great.  In  fact  it  is  probable 
that  it  always  requires  a  diminished  resisting  power  in  the  tissues  even  to 
obtain  a  lodgment  in  the  body.  Thus  we  find  tubercular  disease  most 
commonly  in  persons  who  have  been  exposed  to  bad  hygienic  surroundings, 
or  who  are  congenitally  feeble  in  constitution. 

The  locality  in  which  the  tubercle  develops  is  moreover  in  many  cases 
evideatly  determined  by  some  local  damage  to  the  tissues,  as  in  a  joint 
from  a  bruise  or  sprain.  The  variation  in  the  local  effect  of  the  virus  is, 
perhaps,  best  illustrated  by  tubercular  disease  of  the  synovial  membrane  of 
the  knee.  In  tolerably  healthy  adults  a  few  tubercle  nodules  may  form  in 
a  limited  part  of  the  membrane  and  there  give  rise  to  a  chronic  inflam- 
matory growth  of  fibrous  tissue  around  them,  the  mischief  remaining  strictly 
limited  and  its  nature  being  only  ascertainable  by  the  microscopic  evidence 
of  a  few  withered  follicles  in  the  mass  of  fibroid  tissue.  In  children  we 
more  commonly  find  the  disease  extending  rapidly  ;  implicating  the  whole 
membrane  and  giving  rise  to  the  formation  of  a  mass  of  soft,  pulpy,  vas- 
cular granulation-tissue,  scattered  through  which  are  numerous  non-vascular 
tubercle  nodules  which  are  the  centres  of  irritation  which  have  caused  the 
growth.  If  such  a  joint  be  now  put  at  rest  and  every  accessory  source  of 
irritation  removed,  and  the  child  be  well  fed  and  removed  to  jiure  air  so  that 
the  resisting  power  of  the  tissues  is  increased,  we  find  the  va-scular  granu- 
lation-tissue developing  into  firm  fibroid  tissue  which  encloses  the  withering 
tubercle  follicles,  and  thus  recovery  takes  place.  If,  on  the  other  hand,  the 
child  be  neglected  and  the  joint  moved,  we  find  the  tubercle  invading  the 
gi'anulation-tissue  and  replacing  it  and  finally  degenerating  and  softening 
and  thus  giving  rise  to  a  chronic  abscess.  If  such  a  joint  be  o])encd  and 
decomposition  follows,  it  is  possible  that  the  irritation  of  the  septic  matter 
may  cause  rapid  sloughing  of  all  the  tubercular  tissue  and  thus  bring  the 
specific  disease  to  an  end,  but  the  reverse  may  o'ccur.  The  resistance  of 
the  tissues  may  be  still  further  impaired  by  the  irritation  of  the  septic 
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jivoducts,  and  the  invasion  of  the  bones  by  the  bacillus  may  be  hastened, 
if  these  facts  be  borne  in  mind  it  is  not  diflacult  to  understand  how  the 
presence  of  tubercle  may  be  associated  with  aU  varieties  of  the  inflam- 
matory process,  chronic  fibroid  growth,  exuberant  formation  of  granulation- 
tissue,  suppuration,  ulceration,  or  even  sloughing. 

The  part  played  by  the  constitutional  and  local  predisposing  causes  varies 
in  different  cases.  In  some  diseased  joints  rest  alone  is  quickly  followed 
by  cure  ;  in  others  local  treatment  has  no  effect  and  the  invasion  of  the 
bacillus  continues  unchecked. 

One  more  effect  of  tubercle  remains  to  be  mentioned,  its  general  dissemina- 
tion throughout  the  body  as  an  acute  disease.  There  is  no  reason  to  believe 
that  this  ever  occurs  as  a  primary  condition,  or  that  it  is  due  to  an  infection 
of  the  blood,  and  to  an  increase  of  the  virus  in  the  blood.  Tubercle  is  always 
primarily  a  local  disease,  and  although  the  virus  may  be  disseminated  by  the 
blood,  it  does  not  multiply  in  it.  The  acute  disease  is  due  to  the  entrance 
into  the  blood-stream  of  softened  tubercular  matter  from  a  local  centre,  either 
indirectly  through  the  lymphatics  or  directly  through  the  veins.  It  then 
gives  rise  to  an  outbreak  of  multitudes  of  tubercle  follicles  on  various  situations 
throughout  the  body.  Each  folhcle  is  surrounded  by  its  zone  of  irritation, 
and  thus  in  a  membrane  we  may  get  an  apparently  diffase  inflammation  as  in 
tubercular  meningitis.  It  is  probable  that  some  constitutional  condition  is 
necessary  for  the  development  of  acute  tuberculosis  as  well  as  the  local  source 
of  infection,  for  it  seems  most  likely  that  in  all  local  tubercular  diseases  the 
virus  must  frequently  enter  the  blood-stream,  and  yet  acute  general  tubercu- 
losis is  a  somewhat  rare  termination  of  local  disease. 

The  path  by  which  the  virus  originally  enters  the  body  is  somewhat  doubt- 
ful. The  bacillus  can  only  be  cultivated  out  of  the  body  with  considerable 
difficulty,  requiring  a  temperature  of  from  80°  to  105°  Fahr.,  and  growing  only 
on  blood-serum.  It  is  probable,  therefore,  that  it  is  a  genuine  parasite,  and 
exists  out  of  the  body  only  in  the  form  of  spores.  These  spores  are  contained 
in  the  sputa  of  phthisical  patients,  in  the  f^ces  of  those  suffering  from  tuber- 
cular diseases  of  the  bowels  and  in  the  urine  of  those  affected  with  genito- 
urinary tuberculosis.  Many  of  the  lower  animals  are  also  liable  to  tubercle, 
and  may  disseminate  the  virus.  Judging  from  the  analogy  of  the  bacillus 
anthracis,  the  spores  in  all  probability  retain  their  vitality  for  years  when 
dried,  and  may  be  diffused  everywhere  where  dust  is  carried,  and  there  can  be 
little  doubt  that  they  are  abundant  in  the  dust  wherever  human  beings  are 
crowded  together.  In  all  probability  we  have  all  frequently  taken  them  into 
our  bodies,  but  fortunately  they  can  only  develop  where  they  find  favouring 
general  and  local  conditions.  Actual  inoculation  of  the  tubercular  virus  in 
wounds  has  been  recorded  in  a  few  exceptional  cases. 

From  the  foregoing  description,  therefore,  it  will  be  seen  that  tubercle  is  a 
form  of  chronic  infective  inflammation  caused  by  the  invasion  of  the  tissues 
by  the  bacillus  tuberculosis  ;  it  gives  rise  to  the  formation  of  non-vascular 
nodules  composed  of  migrated  leucocytes  heaped  together,  destroying  and 
occupying  the  place  of  the  oi'iginal  tissues  of  the  part  in  which  they  lie.  It 
spreads  locally  by  invasion  of  surroundii:g  parts,  and  by  the  lymph  or  blood- 
stream to  distant  parts.  The  actual  tubercular  tissue  is  incapable  of  higher 
development ;  its  natural  tendency  is  to  fatty  degeneration,  after  which  it  may 
dry  up  and  remain  unchanged  ;  it  may  calcify  or  it  may  soften.    Its  presence 
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causes  irritation  of  the  surroundiag  tissue  beyond  the  actual  tubercular  area. 
This  is  accompanied  by  hyperasuiia  and  various  otlier  changes  according  to 
the  intensity  of  the  local  process  and  the  resisting  power  of  the  tissues.  Thus 
around  the  tubercle  we  may  have  chronic  overgrowth  of  fibroid  tissue,  rapid 
formation  of  vascular  granulation-tissue,  acute  inflammation  with  exudation 
as  in  tubercular  meningitis,  and  even  suppuration.  Tubercle  may  be  fatal  by 
its  local  effects  on  vital  organs,  as  in  pulmonary  phthisis,  by  the  exhaustion 
follo^ving  suppuration  round  local  centres  as  in  tubercular  diseases  of  bones  or 
joints,  or  by  general  acute  infection  or  acute  tuberculosis.  It  may  be  recovered 
from  by  degeneration  and  by  being  encapsuled  in  fibrous  tissue,  by  caseation 
and  calcification  and  subsequent  encapsulation,  or  by  softening  and  suppura- 
tion and  elimination  from  the  body.  Whether  the  organism  is  completely 
destroyed,  or  whether  its  spores  remain  encapsuled  in  the  healed  tissues,  we  do 
not  know. 

"We  are  now  in  a  position  to  consider  the  clinical  features  and  the  morbid 
anatomy  of  tubercular  affections. 

Naked-Eye  Appearances  of  Tubercle.- — In  the  description  of  these,  we 
must  here  confine  our  attention  to  tubercle  as  it  comes  under  the  care  of  the 
Surgeon,  omitting  aU  mention  of  the  lungs.  A  single  tubercle  follicle  forms  a 
minute  dot  just  visible  to  the  naked  eye  ;  it  is  semi-transparent  and  grey  in 
colour,  and  of  cartilaginous  hardness,  and  has  received  the  name  of  the  semi- 
transjMrent  grey  granulation.  By  an  increase  in  the  zone  of  lymphoid  cells, 
or  by  the  close  approximation  of  two  or  more  separate  nodules,  the  grey 
granulations  frequently  reach  the  size  of  a  millet-seed,  and  have  consequently 
received  the  name  of  miliary  tubercle  (milium — ^millet).  The  grey  granulation 
has  long  been  considered  the  most  characteristic  feature  of  tubercle.  The 
grey  granulation  is  commonly  surrounded  by  a  zone  of  hyperasmia,  and  often 
by  distinct  evidence  of  inflammation.  Thus  on  a  serous  membrane  it  may  be 
covered  by  a  thin  layer  of  lymph,  and  the  cavity  lined  by  the  membrane  may 
contain  an  excess  of  fluid.  In  joints  it  may  be  suiTOunded  by  a  zone  of  granu- 
lation-tissue before  which  the  normal  structures  are  disappearing.  In  some 
cases,  instead  of  forming  distinct  nodules,  tubercle  infiltrates  the  tissues  in  a 
single  mass.  This  is  often  seen  in  the  testicle  when  the  disease  is  advancing 
from  the  epididymis  into  the  body.  Here  there  may  be  a  hard  semi-trans- 
parent zone  more  than  an  eighth  of  an  inch  in  breadth,  which  on  microscopic 
examination  is  found  to  be  composed  of  tubercle  follicles,  so  closely  packed  as 
to  be  practically  continuons.  See  Figure  of  Tubercular  Testicle,  Vol.  II. 
This  is  termed  grey  infiUratio7i.  Beyond  this  dotted  grey  granulations  may 
be  seen  in  the  healthy  tissues. 

Before  it  reaches  any  considerable  size  the  grey  granulation  undergoes 
fatty  degeneration.  It  becomes  opaque  in  its  centre,  yellowish-white  in 
colour,  and  more  friable  in  structure,  and  is  then  termed  Yellow  Tubercle. 
By  the  process  of  invasion  of  the  surrounding  tissues  by  the  tubercular  growth, 
followed  by  fatty  degeneration  and  caseation,  large  cheesy  masses  may  be 
formed.  These  commonly  reach  the  size  of  a  pigeon's  egg,  and  are  often 
larger.  Thus  a  lymphatic  gland  by  gradual  tubercular  invasion  and  destruc- 
tion of  its  normal  tissue,  followed  by  fatty  degeneration,  may  be  converted 
into  a  yellow  cheesy  mass,  closely  surrounded  by  the  stretched  capsule.  The 
kidney  in  like-manner  may  be  converted  into  a  huge  cheesy  mass  bigger  tlian 
a  foetal  head.    Caseated  tubercle  is  soft  and  brittle,  so  that  it  can  easily  be 
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l  emoved  from  the  cavity  in  which  it  is  lying,  by  means  of  a  sharp  spoon. 
This,  as  will  be  subsequently  seen,  distinguishes  it  from  a  softening  syphilitic 
gumma  which  is  leathery  and  tough. 

The  fate  of  these  large  caseous  masses  varies.  They  may  either  dry  up  and 
become  firm  and  be  encapsuled,  or  they  may  calcify  or  soften.  The  particular 
change  that  a  mass  of  yellow  tubercle  undergoes,  seems  to  depend  in  part  at 
least  on  the  situation  of  the  disease.  Thus  calcification  is  common  in  the 
bones  and  lymphatic  glands,  but  is  rarely,  if  ever,  met  with  in  the  skin, 
testicle,  kidney,  or  synovial  membranes.  Encapsulation  by  fibroid  tissue  is 
common  in  the  lymphatic  glands,  and  is  occasionally  met  with  in  the  kidney  ; 
softening  is  the  rule  in  the  skin,  testicle,  kidney,  and  synovial  membranes,  and 
is  very  common  in  the  lymphatic  glands. 

"When  tubercle  softens  it  breaks  down  into  a  thick  curdy  fluid.  The  process 
is  always  accompanied  by  more  or  less  inflammation  of  the  surrounding  parts, 
accompanied  in  most  cases  by  the  formation  of  pus,  and  we  have  thus  formed 
the  Tubercular  Abscess.  This  is  the  most  common  form  of  chronic  abscess. 
It  may  form  a  large  collection  of  fluid— sometimes,  as  in  the  psoas  abscess, 
reaching  an  enormous  size.  The  fluid  it  contains  is  commonly  thin  and  curdy, 
and  contains  much  granular  matter  and  but  few  recognizable  pus-cells.  In 
more  acute  cases  the  pus  may  more  closely  resemble  that  of  an  acute  abscess. 
The  wall  of  the  abscess  may  be  composed  of  a  thin  layer  of  caseating 
tubercle.  This  is  the  case  in  tubercular  abscesses  of  the  kidney,  testicle,  or 
skin.  In  the  larger  abscesses,  such  as  a  psoas  abscess,  it  may  be  in  part 
formed  merely  by  condensed  fibrous  tissue  not  actually  tubercular.  Bacilli 
can  scarcely  ever  be  demonstrated  in  the  pus  of  these  abscesses  by  microscopic 
examination  or  direct  cultivation,  but  that  their  spores  are  present  can  be 
shown  by  inoculation  experiments  on  the  rabbit's  eye. 

In  superficial  tubercular  diseases,  after  softening  of  the  tubercle  and  discharge 
of  the  softened  cheesy  matter,  an  ulcer  is  often  left. 

The  Tubercular  Ulcer  is  usually  characterized  by  the  following  features  : 
The  floor  of  the  ulcer  is  yellow  and  granular,  the  base  is  slightly  indurated, 
and  the  edges  raised  and  often  undermined.  It  tends  to  spread  slowly  by  pro- 
gressive infection  of  surrounding  tissues.  In  surgical  practice  we  meet  with 
such  ulcers  in  the  skin,  bladder,  rectum,  tongue,  and  larynx.  In  these  the 
progress  of  the  disease  is  often  hastened  by  the  decomposition  of  the  discharges 
from  the  sore. 

Constitutional  Symptoms  of  Tubercular  Diseases. — Local  tubercular 
diseases  of  limited  extent  are  not  necessarily  accompanied  by  any  recognizable 
constitutional  symptoms  beyond  those  of  the  diathesis  which  has  predisposed 
to  the  disease,  and  which  will  be  subsequently  described.  Even  many  different 
local  centres  of  tubercle  may  exist  without  any  constitutional  sjmptoms.  When 
tubercle  exists  in  a  considerable  local  mass,  as  in  the  kidney  or  testicle,  or  in  a 
diseased  joint,  and  more  especially  when  it  is  commencing  to  soften,  careful 
thermometric  observations  will  almost  always  show  some  elevation  of  tempera- 
ture, especially  at  night.  This  may  not  be  great,  perhaps  not  up  to  100°  F., 
but  if  it  is  persistent  it  is  very  grave  evidence  of  softening  tubercle.  The  con- 
sideration of  the  symptoms  of  general  tuberculosis  belongs  rather  to  Medicine 
than  to  Surgery.  When  visceral  tuberculosis  occurs  as  a  secondary  consequence 
of  a  local  tubercular  disease  it  most  commonly  appears  in  the  form  of  ordinary 
pulmonary  phthisis,  and  runs  the  usual  chronic  course.    Progressive  emacia- 
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tion,  evening  elevation  of  temperature  and  night  sweats,  which  cannot  be 
accounted  for  by  prolonged  suppuration  from  the  local  seat  of  disease,  always 
lead  to  a  grave  apprehension  that  general  tuberculosis  is  taking  place. 

In  cases  of  acute  general  tuberculosis  following  a  local  scrofulous  disease, 
such  as  are  occasionally  met  with  in  joint-disease  and  more  often  in  scrofulous 
or  tubercular  testicle,  there  is  marked  febrile  disturbance,  the  thermometer 
reaching  often  103°  F.  or  104"  F.,  without,  at  first,  definite  affection  of 
any  organ.  The  symptoms  may  then  closely  resemble  typhoid  fever,  or  if 
there  is  an  open  wound,  may  be  mistaken  for  septicaemia.  Before  long, 
usually  not  later  than  the  second  week,  symptoms  either  of  acute  pulmonary 
phthisis,  tubercular  meningitis,  or  some  other  definite  tubercular  affection, 
make  their  appearance. 

Special  Tubercular  Diseases. — The  only  certain  evidence  that  a  disease 
is  tubercular  is  the  presence  of  the  bacillus  tuberculosis  in  the  diseased  tissues, 
proved  either  by  direct  microscopic  observation,  by  cultivation,  or  by  in- 
oculation in  the  rabbit's  eye.  The  general  course  of  the  disease,  the  invasion 
of  the  tissues  by  a  chronic  inflammatory  new  growth,  incapable  of  higher 
development,  and  tending  always  to  caseation,  and  the  occasional  termination 
in  general  or  pulmonary  tuberculosis,  are  secondary  proofs,  but  cannot  be 
considered  conclusive  in  the  absence  of  the  demonstration  of  the  bacillus. 

The  following  surgical  diseases  have  been  proved  more  or  less  conclusively 
to  be  tubercular. 

{a.)  Skin  and  subcutaneous  tissue  :  lupus,  and  subcutaneous  scrofulous 
abscess;  (&.)  Mucous  membranes  :  tubercular  ulceration  of  tongue,  pharynx, 
palate  and  larynx  ;  some  cases  of  scrofulous  oz^na  and  fistula  in  ano  ; 
{c.)  Genito-urinary  organs  :  scrofulous  kidney,  strumous  testicle,  and  some 
forms  of  ulceration  of  the  bladder,  and  scrofulous  disease  of  the  prostate  and 
vesiculse  seminales  ;  {d.)  Bones  and  joints  :  almost  all  cases  of  white  swelling, 
or  fungous  disease  ;  many  of  chronic  synovitis ;  almost  all,  if  not  all,  cases  of 
caries,  not  evidently  traumatic,  septic,  or  syphilitic;  chronic  abscess  of  bone, 
and  some  forms  of  chronic  osteo-myelitis ;  fungous  disease  of  sheaths  of  tendons, 
and  some  of  chronic  teno-synovitis.  This  long  list  shows  the  truth  of  Volk- 
mann's  remark  that  since  the  true  nature  of  these  diseases  has  been  recognized 
the  Surgeon  may  almost  be  said  to  have  more  to  do  Avith  tubercle  than  the 
Physician.  The  description  of  these  diseases  will  be  found  in  the  chaptei-s 
treating  of  the  systems  or  regions  in  which  they  occur,  but  a  few  of  the  more 
characteristic  may  be  further  mentioned  here  as  illustrative  of  the  relation  of 
Scrofula  to  Tubercle. 

Scrof[;la  or  Strujfa. — Scrofula  has  been  defined  as  a  constitutional  con- 
dition characterized  by  a  tendency  to  inflammation  of  a  peculiar  type.  These 
inflammations  arise  from  slight  causes  which  would  be  innocuous  to  healthy 
subjects  ;  the  course  of  the  process  is  slow  and  feeble  ;  when  affecting  a 
mucous  surface  it  tends  to  assume  the  form  of  chronic  purulent  catarrh  ;  in 
deeper  parts  the  inflammatory  products  are  abundant  in  quantity,  have  little 
tendency  to  develop  into  a  higher  tissue,  but  are  prone  to  early  degeneration  and 
caseation,  followed  by  softening,  with  the  formation  of  thin,  unhealthy,  curdy 
pus.  After  suppuration  has  been  reached  the  process  tends  to  persist,  and 
gradually  to  extend,  giving  rise  to  ulceration  with  progressive  destruction  of  the 
affected  tissue.  After  apparent  recovery  relapses  are  conmion,  the  feeble  cica- 
tricial tissue  breaking  down,  and  the  destructive  inflammation  beginning  again. 
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It  Avill  be  seen  that  this  definition  is  wide  enough  to  include  all  diseases 
known  now  to  be  tubercular,  but  it  extends  a  little  beyond.  This  may  be  made 
more  clear  by  briefly  describing  some  of  the  more  common  forms  of  disease 
generally  described  as  scrofulous  or  Strumous,  as  they  appear  in  different 
structures. 

In  the  Skin  scrofula  declares  itself  by  a  variety  of  cutaneous  eruptions  :  of 

these,  eczema  is  one  of  the  most  common,  and  it  tends  to  be  complicated  by 

suppuration,  forming  the  eczema  impetiginodes  so  common  on  the  scalp  in 

scrofulous  children. 

Another  common  form  of  skin  affection  is  the  subcutaneous  strummis  abscess. 

This  arises  as  a  small,  fiat,  indurated  growth,  commencing  immediately  beneath 

the  cutis  vei'a.    The  patch  slowly  extends  till  it  reaches  the  size  of  a  sixpence 

or  shining,  or  even  larger.   The  skin  covering 

it  is  dusky  purple  in  colour.    Finally  the 

mass  softens,  the  skin  gives  way  at  one  spot, 

and  a  thin  curdy  pus  is  discharged.  The 

cavity  left  is  covered  superficially  by  a  thin 

layer  of  undermined  skin,  of  a  dark  bluish 

colour,  which  is  too  feeble  to  undertake  any 

process  of  repair,  but  yet  obtains  just  enough 

blood-supply  to  prevent  its  death.  Conse- 
quently no  healing  Avill  take  place  till  it  is 

destroyed.    After  this  has  been  done  the 

floor  of  the  ulcer  will  be  seen  to  be  yellow 

and  unhealthy,  and  the  sore  may  slowly 

spread  instead  of  healing.   The  original  mass 
is  composed  of  a  mass  of  small  round  cells, 
amongst  which  may  be  giant  and  epithelioid 
cells.    It  is  imperfectly  vascularised,  and  very  early  undergoes  fatty  degenera- 
tion, followed  by  softening,  and  is  now  recognized  as  a  tubercular  affection. 

Sores  of  this  kind  are  most  common  on  the  face,  but  they  may  occur  in  other 
parts  of  the  body  (Fig.  410). 

The  form  of  lupus  described  as  scrofulous  is  now  proved  to  be  tubercular. 
The  Mucous  Membranes  are  commonly  extensively  affected,  and  often 
present  the  earliest  forms  of  scrofulous  disease  in  childhood  ;  this  is  more 
especially  the  case  with  those  of  the  eye,  nose,  and  ears.  The  conjunctiva 
becomes  chronically  inflamed,  and  the  discharge  becomes  muco-purulent.  As 
a  sequela  of  this  the  condition  known  as  "  granular  lids  "  is  not  uncommonly 
set  up.  The  papilte  become  excessively  vascular  and  hypertrophied,  till  the 
whole  surface  of  the  membrane  appears  to  be  covered  with  genuine  granulation- 
tissue.  The  affection  specially  known  as  strumous  or  phlyctenular  ophthalmia, 
consists  of  the  formation  of  a  small,  intractable  ulcer  on  the  cornea,  with  intense 
injection  of  the  surrounding  conjunctiva. 

The  mucous  memhrane  lining  the  nostrils  becomes  chronically  congested,  red 
and  swollen,  giving  rise  to  habitual  snifling  and  to  a  sensation  as  of  a  constant 
cold.  The  discharge,  at  first  merely  mucous,  frequently  becomes  purulent,  and 
lodging  in  the  in-egularities  of  the  nasal  fossae,  decomposes,  giving  rise  to  the 
most  offensive  smell.  This  condition,  known  as  strumous  ozama,  may  sooner  or 
later  cause  ulceration  of  the  membrane  and  subsequent  necrosis  of  the  bones. 
Occasionally  the  lining  membrane  of  the  antrum  becomes  irritated,  and  this 
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may  be  followed  by  enlargement  of  the  cavity  and  discharge  of  unhealthy  pus 
into  the  nostrils. 

Chronic  purulent  discharge  from  the  ear,  scrofulous  otorrhom,,  is  another  very 
common  affection.  The  disease  most  ft'equently  commences  in  the  middle  ear, 
the  discharge  finding  its  way  out  by  perforating  the  membrana  tympaui.  It 
frequently  leads  to  destruction  of  the  ossicles  and  permanent  deafness.  The 
mucous  membrane  of  the  genito-urinary  organs  also  is  readily  affected  with 
pui'ulent  catarrh,  often  arising  ft-om  very  slight  causes  and  very  permanent. 
Such  discharges  are  of  common  occurrence  in  female  children,  and  haA'e  fre- 
quently given  rise  to  unfounded  charges  of  criminal  assault. 

Of  these  affections,  only  some  forms  of  ozsena  and  some  of  the  more  severe 
affections  of  the  genito-urinary  tract  have  been  proved  to  be  tubercular. 
Perhaps  the  most  important  local  diseases  classed  as  scrofulous  are  those  of 

the  Bones  and  Joints.  The  bones  are  liable  to  a 
slow  process  of  ulceration  or  caries,  usually  com- 
mencing in  their  articular  ends  or  cancellous 
tissue.  The  bony  tissue  becomes  invaded  and 
destroyed  by  an  advancing  inflammatory  gi'owth. 
The  inflammatory  products  tend  to  early  degenera- 
tion and  softening,  and  chronic  abscesses  con- 
taining unhealthy  curdy  pus  are  formed.  This 
condition  is  especially  prone  to  occur  in  the 
spongy  tissue  of  the  articular  ends  of  long  bones 
or  in  the  cancellous  tissue  of  short  bones,  more 
particularly  the  vertebrae  and  the  bones  of  the 
foot.  When  the  disease  extends  from  the  bones 
into  a  neighbouring  joint,  a  chronic  inflammation 
of  a  similar  character  springs  up  in  the  whole 
synovial  cavity,  giving  rise  to  the  condition 
known  as  ivhite  stvelUng.  In  other  cases  the 
chronic  inflammatory  process  conmiences  in  the 
synovial  membrane  and  secondarily  affects  the 
bones.  Necrosis  of  the  compact  tissue  of  long 
bones  is  also  frequently  ascribed  to  the  constitu- 
tional taint  of  scrofula  ;  and  the  process  above  described  is  often  complicated 
by  death  of  considerable  portions  of  the  cancellous  tissue. 

Another  common  affection  of  bone  is  that  known  as  strumous  dactylitis 
(Fig.  411).  It  is  of  frequent  occuri-ence  in  children.  One  or  more  phalangeal 
or  metacarpal  bones  become  gradually  enlarged.  The  medullary  canal  becomes 
distended  with  chronic  inflammatory  products,  the  compact  tissue  is  absorbed 
and  a  fresh  layer  deposited  from  the  periosteum,  and  thus  the  bone  becomes 
"  expanded."  The  inflammatory  products  caseatc,  then  soften,  and  finally 
form  unhealthy  curdy  pus,  which  slowly  makes  its  way  to  the  surface  and  is 
discharged. 

These  conditions,  which  are  considered  amongst  those  most  characteristic  of. 
scrofula,  are  now  known  to  be  tubercular.  ' 

Secreting  Glands  are  less  frequently  affected  by  inflammation  classed  as 
scrofulous.  The  testicle  and  kidney  are  most  commonly  affected,  and  here  the 
disease  has  been  clearly  proved  to  be  tubercular. 

Lastly,  the  Iiymphatic  Glands  are  peculiarly  prone  to  be  affected,  so  nuich 


Fig.  411 


. — Scrofulous  Diseases  of 
Ai'iu  and  Finger. 
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so  that  chronic  enlargement  and  suppuration  of  these  glands  are  popularly 
regarded  as  the  characteristic  feature  of  scrofula.  It  is  not,  however,  only  the 
glands  that  suffer  ;  wherever  lymphoid  tissue  exists,  as  in  the  follicles  of  the 
tonsil  and  pharynx,  or  in  the  submucous  tissue  of  the  bronchi  and  intestines, 
it  tends  to  undergo  hypertrophy  in  strumous  subjects.  The  enlargement  of  the 
glands  in  scrofulous  subjects  can  almost  always  be  traced  to  some  irritation  at 
the  part  from  which  they  receive  their  lymph  supply.  In  the  mildest  form  the 
gland  simply  enlarges,  and  may  after  a  time  subside  or  be  left  permanently 
larger  and  harder  than  natural.  In  most  cases,  however,  there  is  distinct 
chronic  inflammation,  and  the  gland  becomes  greatly  increased  in  size.  This 
is  found  to  be  due  to  an  increase  of  lymph-corpuscles  and  to  inflammatory 
exudation.  The  central  parts  caseate  and  afterwards  soften.  Suppuration 
takes  place,  first  within  the  gland  and  subsequently  external  to  it  beyond  its 
capsule  ;  and  the  abscess  thus  formed  slowly  reaches  the  surface,  often  exten- 
sively undermining  the  skin  before  discharging,  unless  this  be  prevented  by 
early  opening.  In  cases  running  this  course  the  presence  of  the  tubercle 
bacillus  has  been  repeatedly  demonstrated,  and  the  miscroscope  shows  the 
ordinary  anatomical  structure  of  tubercle. 

Strumous  glands  may  be  met  with  at  any  part  of  the  body,  but  they  are  most 
common  in  those  parts  that  receive  their  lymph  from  a  mucous  membrane. 
Thus  Treves  states  that  in  155  cases  examined  by  him  in  Margate  Infirmary, 
the  glands  of  the  neck  which  receive  their  lymph  from  the  mucous  membrane 
of  the  nose,  mouth,  and  pharynx,  were  affected  alone  in  131.  In  12  those  of 
neck  and  axilla  were  affected  ;  in  6  those  of  the  groin  only  ;  in  4  those  of  the 
axilla  only  ;  and  1  those  of  the  neck  and  groin  ;  and  in  1  those  of  the  groin 
and  axilla.  These  statistics  are  derived  from  living  patients  ;  but  it  is  well 
known  that  the  bronchial  and  mesenteric  glands  are  also  very  frequently  the 
seat  of  disease. 

Relation  of  Scrofula  to  Tubercle. — If  we  compare  a  list  of  the  surgical 
diseases  now  proved  to  be  tubercular  with  a  list  of  the  diseases  commonly  spoken 
of  as  scrofulous,  we  shall  find  that  the  latter  includes  the  whole  of  the  former, 
and  some  others  in  addition.  The  additional  aflections  in  the  scrofulous  list 
are  the  purulent  catarrhal  inflammations  of  the  mucous  membranes,  some  of 
the  eruptions  on  the  skin,  as  eczema  and  impetigo,  and  the  tendency  to 
enlargement  of  the  lymphatic  glands  and  other  lymphoid  structures  from 
slight  sources  of  irritation.  If  we  study  further  the  diseases  of  those  patients 
who  present  the  characters  to  be  presently  described  as  those  of  the  scrofulous 
diathesis,  we  shall  find  that  it  is  not  to  tubercle  alone  that  they  show  an  ab- 
normal susceptibility.  Scrofulous  patients  as  a  rule  suff'er  more  severely  from 
syphilis,  should  they  contract  that  disease  ;  gonorrhoea  with  them  is  difficult 
to  cure  ;  and  buboes  commonly  follow  a  soft  chancre.  Scrofulous  children  are 
more  likely  than  others  to  die  of  scarlet  fever  or  measles  ;  and  it  is  a  generally 
received  opinion,  though  there  is  no  very  good  evidence  for  it,  that  they  are 
more  liable  than  others  to  acute  infective  periostitis  and  necrosis  of  bone. 

Scrofula  may  therefore  be  defined  as  a  constitutional  vice,  characterized,  as 
Virchow  expresses  it,  by  a  vulnerability  of  the  tissues,  or,  in  other  words,  by  a 
subnormal  resistance  to  external  injurious  influences,  amongst  which  must  be 
included  the  invasion  of  pathogenic  organisms  of  all  kinds.  The  catarrhs  of 
the  mucous  membranes,  for  instance,  are  caused  by  exposure  to  cold  or  other 
injurious  influeuces,  which  would  be  innocuous  in  a  healthy  person.  Micro- 
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organisms  develop  in  the  discharges,  and  the  furtlier  in-itatioii  of  the  products  | 
of  their  growth  causes  the  discharge  to  become  purulent ;  and,  owing  to  the  i 
feeble  resisting  power  of  the  tissues,  the  condition  may  become  permanent. 
Possibly  the  diseased  mucous  membranes  may  favour  the  entrance  of  the 
bacilli,  and  serve  in  this  way  as  a  further  predisposing  cause  of  tubercle. 
Moreover,  as  just  stated,  the  lymphatic  glands  in  scrofulous  subjects  become 
inflamed  from  slight  causes,  and,  as  a  consequence  of  the  catairh,  those  receiv- 
ing the  lymph  from  the  affected  mucous  membrane  would  probably  be  swollen 
and  unhealthy.  Should  the  bacillus  or  its  spores  find  their  way  into  the  gland, 
the  soil  would  be  ready  prepared  for  their  growth. 

Thus  it  will  be  seen  that  scrofula  cannot  be  spoken  of  as  a  disease.  It  is 
merely  a  constitutional  predisposition  to  disease,  and  not  to  one  disease  only, 
but  to  many.  In  the  great  majority  of  cases  the  scrofulous  diathesis,  with 
its  "  abnormal  vulnerability  "  of  the  tissues,  is  believed  to  form  the  predLs- 
posing  constitutional  cause  of  tubercle,  but  scrofulous  and  tubercular  are  not 
synonymous.  A  patient  may  be  scrofulous  and  yet  suffer  from  no  actual  \ 
disease  :  he  cannot  be  tubercular  in  the  proper  sense  of  the  word  unless  his  ! 
body  is  actually  invaded  by  the  bacillus. 

Signs  of  the  Scrofulous  Biathesis. — The  existence  of  the  scrofulous 
diathesis  is  often  marked  by  the  presence  of  a  peculiar  temperament. 

The  Scrofulous  Temperament  assumes  two  distinct  forms,  the  fair  and  [ 
the  dark ;  and  each  of  these  presents  two  varieties,  the  fine  and  the  coarse.  [ 
The  most  common  is  that  Avhich  occurs  in  persons  with  fair,  soft,  and  transparent  i 
skin,  having  clear  blue  eyes  with  large  pupils,  light  hair,  tapering  fingers,  and  ; 
fine  white  teeth  ;  indeed,  whose  beauty  is  oft,en  great,  especially  in  early  life,  j 
being  dependent  rather  on  roundness  of  outline  than  on  grace  of  fonn  ;  and  ! 
whose  growth  is  rapid  and  precocious.    In  these  individuals  the  affections  are 
strong,  and  the  procreative  power  considerable  ;  the  mental  activity  is  also 
great,  and  is  usually  characterized  by  much  delicacy  and  softness  of  feeling, 
and  vivacity  of  intellect.    Indeed,  it  would  appear  that,  in  such  persons  as 
these,  the  nutritive,  procreative,  and  mental  powers  are  rapidly  and  energetically 
developed  in  early  life,  but  become  proportionately  early  exhausted.  In 
another  variety  of  the  fair  scrofulous  temperament,  we  find  a  coarse  skin,  short 
and  rounded  features,  light  grey  eyes,  crisp  and  curling  sandy  hair,  a  short 
and  somewhat  ungainly  stature,  and  clubbed  fingers  ;  but  not  uncommonly, 
as  in  the  former  variety,  great  and  early  mental  activity,  and  occasionally 
much  muscular  strength. 

In  the  dark  form  of  the  scrofulous  temperament,  we  usually  find  a  somewhat 
heavy,  sullen,  and  forbidding  appearance ;  a  dark,  coarse,  sallow,  or  greasy- 
looking  skin  ;  short,  thick,  and  harsh  curly  hair  ;  a  small  stature,  but  often  a 
powerful  and  strong-limbed  frame  ;  with  a  certain  degree  of  torpor  or  languor 
of  the  mental  faculties,  though  the  powers  of  the  intellect  are  sometimes  re- 
markably developed.  The  other  dark  strumous  temperament  is  characterized 
by  clear  dark  eyes,  fine  hair,  a  sallow  skin,  and  by  mental  and  jihysical 
organization  that  closely  resembles  the  first  described  variety  of  the  fair 
strumous  diathesis. 

In  all  these  varieties  of  temperament,  the  digestive  organs  will  be  found  to    ^  . 
be  weak  and  irritable.    This  condition,  which  I  believe  to  be  invariably  asso- 
ciated with  the  scrofulous  diathesis,  and  the  importance  of  which  was  pointed 
out  by  Sir  James  Clark,  must  be  regarded  as  one  of  the  most  essential  condi- 
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tions  connected  with  scrofula,  and  as  tending  greatly  to  that  impairment  of 
nutrition  which  is  so  frequent  in  this  state.  This  gastric  irritability  is 
especially  characterized  by  the  tongue,  even  in  young  children,  being 
habitually  coated  towards  the  root  with  a  thick  white  fur,  through  which 
elongated  papillae  project,  constituting  the  "pipped"  or  "strawberry" 
tongue  ;  the  edges  and  tip,  as  well  as  the  lips,  being  usually  of  a  bright  red 
colour.  This  state  of  the  tongue  is  aggravated  by  stimulants,  high  living,  and 
the  habitual  use  of  purgatives.  In  the  fair  varieties  the  bowels  are  usually 
somewhat  loose,  but  in  the  dark  forms  of  struma  there  is  a  torpid  condition  of 
the  intestinal  canal.  In  all  cases  the  action  of  the  heart  is  feeble,  and  there 
is  a  tendency  to  coldness,  and  often  to  clanmiiness  of  the  extremities. 

Although  these  peculiarities  of  temperament  are  commonly  observed  in 
scrofulous  subjects,  yet  cases  of  tubercular  disease  are  very  frequently  met 
with  in  patients  who  present  none  of  them. 

After  the  definite  manifestations  of  scrofula  have  made  their  appearance  the 
general  health  usually  suffers  considerably.  The  individual  usually  emaciates, 
becomes  sallow,  cachectic  and  debilitated.  The  prolonged  suppurations  accom- 
panying many  scrofulous  affections  are  frequently  accompanied  by  hectic  or  by 
amyloid  degeneration  of  the  liver  and  other  viscera. 

Causes  of  Scrofula  and  Tubercle. — It  has  already  been  pointed  out  that 
the  direct  cause  of  tubercle  is  the  invasion  of  the  body  by  the  bacillus 
tuberculosis,  but  there  is  no  doubt  that  for  the  virus  to  effect  a  lodgment  a 
constitutional  and  a  local  predisposition  are  necessary. 

The  Hereditary  Nature  of  all  scrofulous  affections  including  tubercle  is  well 
known  to  the  public  and  to  the  profession  ;  for,  although  the  diathesis  is  not 
commonly  congenital,  yet  the  tendency  to  it  is,  and  it  often  manifests  itseK  at 
an  early  period.  That  a  parent  may  transmit  a  tendency  to  malnutrition, 
just  as  he  may  a  peculiar  feature  or  mental  condition,  is  undoubted.  There 
are  certain  conditions  which,  though  not  scrofulous,  are  supposed  to  have  a 
tendency  to  develop  the  diathesis  in  the  offspring  to  which  they  are  trans- 
mitted ;  thus,  very  dyspeptic  parents  commonly  have  strumous  children  ;  so, 
also,  the  offspring  of  very  old  or  very  young  people  often  exhibit  a  proneness 
to  scrofulous  or  tuberculous  affections.  The  influence  of  intermarriage  is 
still  a  matter  of  doubt,  but  I  believe  that  it  is  but  small ;  and  it  is  commonly 
stated  that  the  inhabitants  of  small  communities  who  intermarry  closely,  such 
as  those  of  the  Isles  of  Portland  and  of  Man,  are  not  more  liable  to  scrofula 
than  other  individuals. 

The  most  powerful  occasioning  cause  of  scrofula,  and  that  which  in  most 
civilized  countries  is  likewise  the  most  frequent,  is  mahiutrition  and  mal-assimi- 
latim  arising  from  an  habitual  disregard  of  hygienic  laws  ;  either  from 
insufficiency  of  nourishment,  or  the  administration  of  improper  food,  in  the 
poorer  classes  ;  or  from  overfeeding,  and  overstimulation  of  the  digestive 
organs,  amongst  the  children  of  the  wealthier  orders  of  society,  inducing 
chronic  irritation  of  the  mucous  membrane  of  the  stomach  and  interference 
with  the  digestive  powers,  and  consequently  with  nutrition.  The  influence  of 
food  that  is  innutritions  in  quality  or  insufficient  in  quantity,  has  been  shown 
•  by  Phillips,  in  his  exceUent  Treatise  on  Scrofula,  to  be  the  most  immediate 
cause  of  the  diathesis  ;  and,  when  conjoined  with  the  injurious  effects  of  a 
confined  and  impure  atmosphere,  it  may  be  considered  as  sufiicient  to  occasion 
it  in  those  cases  in  which  no  predisposition  to  it  exists,  and  greatly  to  develop 
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any  hereditary  tendency  to  it  in  the  system.  It  is  to  the  conjoined  influence 
of  agencies  such  as  these  that  we  must  attribute  the  prevalence  of  scrofulous 
diseases  amongst  the  lower  orders  both  of  town  and  of  rural  populations. 

Scrofulous  affections  of  various  kinds,  especially  tuberculosis,  are  often 
called  into  activity  by  the  debility  induced  hj  inevious  diseases,  such  as  measles, 
scarlatina,  whooping-cough,  &c. 

Excluding  affections  of  the  lungs,  scrofulous  diseases  usually  develop  at  an 
early  age,  though  seldom  before  the  child  has  reached  its  second  year.  They 
are  most  common  about  the  period  of  the  second  dentition,  and  it  is  rare  to 
meet  with  them  for  the  first  time  after  the  ages  of  twenty-five  or  thirty-five. 
According  to  Phillips,  60  to  70  per  cent,  of  the  deaths  from  scrofulous 
affections  occm-  before  the  age  of  fifteen.  Sex  does  not  appear  materially  to 
influence  the  disease  ;  though,  according  to  the  same  authority,  the  deaths  of 
males  from  scrofula  exceed  those  of  females,  in  this  country,  by  24  per  cent. 

Senile  Tuberculosis. — Middle-aged  and  elderly  people  are  occasionally 
attacked  by  tubercular  diseases.  The  individuals  so  affected  have  usually 
suffered  from  similar  disease  in  their  youth,  or  have  come  of  scrofulous 
families.  But  the  disease  has  apparently  been  cured,  and  they  may  have 
enjoyed  good  health  and  led  active  lives  for  a  long  series  of  years.  Under  the 
influence  of  depressing  physical  or  mental  causes,  or  as  the  result  of  debility 
consequent  on  some  serious  illness,  typical  symptoms  of  tubercle  will  manifest 
themselves  in  the  soft  parts,  the  joints,  and  the  bones.  The  disease  may  run 
an  acute  course,  and  the  patient  will  die  of  tuberculosis  of  some  of  the  organs. 

Treatment. — Preventive  Treatment  is  that  intended  to  prevent  the 
development  of  local  disease  in  those  who  present  the  external  signs  of  the 
scrofulous  diathesis,  or  who  have  an  hereditary  tendency  to  it.  It  is  of  the 
utmost  consequence,  and  by  proper  attention  to  it,  I  have  no  hesitation  in 
saying,  the  development  of  local  disease,  even  when  there  is  hereditary  predis- 
position, may  be  stopped  ;  and  the  child  of  strumous  parents,  presenting 
perhaps  the  features  indicative  of  the  diathesis,  may  pass  through  life  without 
the  disease  having  an  opportunity  of  declaring  itself.  In  order  to  accomplish 
this,  however,  the  preventive  plan  of  treatment  must  be  commenced  early,  and 
continued  uninterruptedly  for  a  considerable  time,  even  for  years. 

The  preventive  treatment  of  scrofula  and  tubercle  may  be  said  in  general 
terms  to  consist  in  close  and  continuous  attention  to  hygienic  rules.  The  diet 
must  be  specially  attended  to  ;  nourishing  food,  but  of  the  lightest  quality, 
being  given.  A  great  error  is  often  committed  in  overloading  the  stomach 
with  more  or  with  heavier  food  than  it  can  digest,  under  the  impression  that 
strong  food  is  necessary  to  give  the  patient  strength.  In  consequence  of  this 
error,  the  irritability  of  the  mucous  membrane  is  kept  up,  nutrition  is  imper- 
fectly performed,  the  surplus  food  is  thrown  off  in  the  shape  of  lithates  or 
other  products  of  mal-assimilation,  and  health  and  strength,  which  are  the 
results  of  perfect  nutrition,  become  impaired  rather  than  improved.  The 
use  of  stimulants,  whether  wine  or  beer,  should  be  very  sparing,  and  the 
milder  and  weaker  should  be  preferred  to  the  heavier  and  stronger  kinds  of 
malt  liquor  ;  the  bowels  must  be  kept  regular  with  the  simplest  aperients ;  the 
clothing  should  be  warm,  and  must  cover  the  whole  of  the  surface  ;  and  the 
patient  should,  if  possible,  be  kept  in  well-ventilated  rooms.  He  should  be 
allowed  sufficient  exercise  in.  the  open  air,  not  carried  to  the  point  of  fatigue, 
and  should,  if  his  circumstances  will  permit,  have  change  of  air  from  time  to 
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time,  alternating  a  sea  with  an  inland  climate.  Bathing  also,  whether  in  sea 
or  river,  with  the  habitual  use  of  the  tepid  or  cold  sponge-bath,  and  friction  of 
the  surface  with  horse-hair  gloves  or  a  rough  towel,  so  as  to  keep  the  skin  in 
healthy  action,  should  be  regularly  practised.  In  carrying  out  this  general 
plan  of  treatment,  it  must  be  borne  in  mind  that  though  the  health  and 
strength  of  a  deUcate  and  weakly  child  can  be  improved  up  to  a  certain 
point,  it  can  never,  by  any  means,  be  rendered  as  robust  and  vigorous  as  a 
child  of  good  congenital  stamina  who  had  been  equally  well  cared  for. 

The  Curative  Treatment  is  General  and  Local.  The  general  treatment 
should  be  specially  directed,  like  the  preventive,  to  the  improvement  of  the 
nutrition,  and  through  it  to  the  augmentation  of  the  constitutional  vigour  of 
the  patient  ;  all  those  hygienic  means  that  have  just  been  alluded  to  being 
continuously  carried  out. 

The  more  strictly  medical  treatment  of  scrofula  consists  in  the  administration 
of  tonics  and  alteratives  with  the  view  of  improving  the  patient's  constitutional 
powers.  Before  they  are  administered,  however,  it  is  always  necessary  to  see 
that  the  digestive  organs  are  in  a  healthy  condition.  Scrofula  is  a  consequence 
of  malnutrition  ;  and  unless  we  see  that  digestion,  the  first  stage  of  the  nutri- 
tive process,  is  properly  accomplished,  all  other  means  will  be  useless.  When 
the  tongue  is  covered  with  a  white,  thick,  creamy  fur,  and  has  elongated 
papillae  and  red  edges,  neither  purgatives  nor  tonics  can  be  largely  adminis- 
tered. In  these  circumstances  the  patient  should  be  confined  to  the  mildest 
possible  diet,  which  must  principally  consist  of  milk,  boiled  fish,  white  meats, 
and  light  pudding,  no  stimulant  of  any  kind  being  allowed  except  a  small 
quantity  of  claret  or  bitter  beer  :  and,  unless  the  patient  have  been  accus- 
tomed to  the  use  of  stimulants,  even  these  had  better  be  dispensed  with. 
Small  doses  of  mercury  with  chalk,  of  soda  and  rhubarb,  should  be  occasionally 
administered  at  bed-time,  with  some  of  the  compound  decoction  of  aloes  on 
the  foUowing  morning ;  and  a  few  grains  of  the  carbonate  of  soda  or  of  potash 
may  be  given  twice  or  thrice  a  day  in  some  hght  bitter  infusion,  as  of  cascarilla 
or  calumba.  In  many  cases  of  strumous  disease,  more  especially  those  affecting 
the  joints  and  bones,  the  liver  will  be  found  to  be  enlarged  and  sluggish  in  its 
action,  the  patient  every  now  and  then  becoming  bilious,  sallow,  and  jaundiced  ; 
in  these  circumstances,  small  doses  of  blue  pill,  carried  off  with  the  compound 
decoction  of  aloes  or  a  rhubarb  draught,  will  be  found  necessary  from  time  to 
time.  When  all  gastric  irritation  has  been  removed  in  this  way,  or  if  it  have 
not  existed  in  the  usual  marked  degree  from  the  first,  the  patient  being  pale 
and  flabby,  with  a  weakened  condition  of  the  pulse,  of  the  skin,  and  of  the 
mucous  surface,  then  tonics  may  be  administered,  and  the  more  specific  treat- 
ment adopted. 

The  great  remedies  which  are  employed  in  the  constitutional  treatment  of 
scrofula,  are  iron,  iodine,  the  preparations  of  potash,  and  cod-liver  oil.  These 
are  all  extremely  useful,  either  singly  or  conjoined,  as  they  serve  to  carry  out 
distinct  indications  in  the  management  of  this  affection. 

Iron  is  most  useful  in  improving  the  nutrition  of  pale,  flabby,  anaemic  sub- 
jects. The  best  preparations  for  children  are,  I  think,  the  vinum  ferri  and  the 
syrup  of  the  iodide  of  iron.  In  older  persons  the  tincture  of  the  perchloride, 
and  some  of  the  forms  of  the  citrate  or  the  phosphate  of  iron,  appear  to  be 
most  serviceable  ;  in  other  cases,  again,  the  natural  chalybeate  waters  will  bo 
found  to  agree  best. 
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Iodine  is  universally  believed  to  promote  the  absorption  of  the  chronic 
inflammatory  products  which  so  commonly  form  iu  scrofulous  afiections.  The 
preparation  usually  employed  is  the  iodide  of  potassium.  In  order  that  thin 
may  produce  its  full  effects,  it  should  be  given  as  freely  as  the  patient  will 
bear  it,  continued  for  a  considerable  length  of  time,  and  especially  adminis- 
tered in  combinations  with  other  preparations  of  potash.  With  the  view  of 
preventing  it  from  irritating  the  stomach,  it  should  be  given  in  a  considerable 
quantity  of  some  bland  fluid.  Its  combination  with  the  other  salts  often 
renders  it  more  efficacious.  For  this  purpose  I  have  found  the  following  form 
extremely  useful  for  adults,  the  dose  being  proportionately  diminished  in  the 
case  of  children  :— R  Potassii  iodidi,  Potasste  chloratis,  aa  5j  ;  Potassse  bi- 
carbonatis,  5iij.  Divide  into  twelve  powders,  of  which  one  is  to  be  taken 
night  and  morning  in  half  a  pint  of  warm  milk.  In  other  cases,  the  liquor 
potass^,  Braudish's  alkaline  solution,  or  hme-water  given  freely  in  milk,  are 
serviceable  ;  but  I  prefer  the  above  prescription. 

Cod-liver  oil,  which  may  be  looked  upon  rather  as  an  article  of  diet  than  an 
a  medicine,  is  of  essential  utility  iu  improving  the  nutrition  of  the  body  in 
cachectic  and  emaciated  states  of  the  system,  more  particularly  in  growing 
children,  or  in  individuals  who  are  suffering  from  the  wasting  effects  of 
chronic  suppuration  ;  it  not  only  fattens  but  strengthens  the  system,  increas- 
ing decidedly  the  muscular  power  and  the  quantity  of  red  corpuscles  in  the 
blood.  It  may  often  very  advantageously  be  administered  in  combination  with 
the  iodides  of  potassium  or  iron,  and  given  after  meals. 

Of  the  other  tonic  remedies  which  may  be  employed  in  this  affection,  such 
as  the  preparations  of  harlc  and  of  sarsaparilla,  I  need  say  nothing  beyond  that 
they  may  often  be  usefully  administered  in  fulfilling  ordinary  therapeutic 
indications.  Ringer  recommends  the  sulphide  of  calcium  as  extremely  valuable 
in  scrofulous  and  tuberculous  glands,  and  in  chronic  strumous  sores  and 
abscesses.  He  uses  it  in  a  solution  which  has  much  the  strength  of  Harrogate 
Waters.  Thus,  he  directs  a  grain  of  the  sulphide  of  calcium  to  be  dissolved 
in  a  half  pint  of  water,  and  of  this  a  teaspoouful  is  taken  every  hom\  As 
this  mode  of  administration  is  seldom  practicable,  the  drug  may  be  given  in 
small  doses  from  three  to  six  times  a  day.  The  best  form  is  in  pilules  con- 
taining from  one  quarter  to  half  a  grain.  If  these  cannot  be  olDtaiued,  the 
finely  powdered  sulphide  may  be  kept  in  a  closely  stoppered  bottle,  and  enough 
just  to  cover  the  point  of  a  pen-knife  taken  in  a  wine-glass  of  water.  It  can- 
not be  made  up  in  any  mixture,  as  it  rapidly  decomposes  in  contjact  with  water, 
giving  off  sulphuretted  hydrogen.  Under  its  influence,  the  glands,  it  is  said, 
either  return  to  the  normal  state  or  hasten  on  to  suppuration,  and  chronic 
abscesses  either  dry  up  or  are  speedily  brought  forward  and  their  contents 
discharged,  a  healthy  healing  sore  being  left. 

The  discovery  of  the  bacillus  as  the  cause  of  tubercle  has  not  at  present  led 
to  any  alteration  in  the  constitutional  treatment  of  tuberculous  affections,  and 
it  is  hardly  to  be  hoped  that  any  drug  will  ever  be  discovered  which  can  kill 
the  organism  without  injuring  its  host.  We  must  bear  in  mind,  however, 
that  the  whole  process  of  the  development  of  tubercle  is  a  struggle  between 
the  tissues  of  the  host  and  the  invading  parasite,  and  everything  that  we  can 
do  to  increase  the  general  health  and  strength  improves  the  chances  of  the 
fonner. 

The  Iiocal  Treatment  of  scrofulous  affections  is  generally  that  of  chronic 
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inflammation  (p.  221).  Should  chronic  suppuration  occur  it  must  be  treated 
as  ah-eady  described  (p.  252).  Chronic  thickenings  left  after  scrofulous  in- 
flammations may  be  removed  by  means  of  lotions  containing  the  iodide  of 
potassium,  or  the  carbonate  of  potash,  applied  by  means  of  lint  covered  with 
oiled  silk  ;  a  drachm  of  each  of  the  salts,  with  an  ounce  of  spirits  of  wine  to 
eleven  ounces  of  water,  makes  an  excellent  apphcation,  which  appears  often  to 
be  very  efficacious.  In  many  cases,  frictions  with  the  iodide  of  lead  ointment, 
or  pressure  by  means  of  strapping  and  bandages,  wiU  be  found  the  most 
serviceable  means  that  the  Surgeon  can  adopt. 

In  the  treatment  of  local  tubercular  disease  it  should  be  borne  in  mind  that 
no  external  application  can  have  any  direct  influence  upon  the  bacillus.  If 
the  organism  is  to  be  destroyed  it  must  be  by  the  living  cells  surrounding  it. 
It  is  all  important,  therefore,  to  remove  every  possible  source  of  accessory 
irritation  to  the  affected  part.  It  should  be  put  at  perfect  rest,  protected  from 
external  injury  and  from  cold.  If  the  process  is  very  chronic,  counter-irrita- 
tion may  probably  be  of  use  in  external  diseases  by  causing  an  afilux  of  blood 
to  the  part.  Painting  with  iodine  may  occasionally  be  useful  in  the  same 
way.  Under  this  treatment  a  large  proportion  of  tubercular  diseases  of 
bones  and  joints  will  undergo  spontaneous  cure  by  the  processes  already 
described  (p.  1085).  If,  in  spite  of  this  treatment,  the  disease  continues  to 
advance,  the  morbid  growth  should  be  removed  as  early  and  as  completely  as 
possible  ;  thus  a  joint  may  be  excised,  or  its  synovial  membrane  dissected 
away,  a  carious  bone  scraped,  gouged  or  removed,  or  a  diseased  testicle  taken 
away  by  castration.  One  object  in  this  is,  by  removing  the  local  centre,  to 
diminish  the  risk  of  general  infection.  If  the  disease  cannot  be  removed,  as 
is  often  the  case  in  lymphatic  glands,  the  caseous  mass  should  be  exposed  and 
scraped  away  as  thoroughly  as  possible  with  a  sharp  spoon.  The  cavity  left 
may  often  with  advantage  be  forcibly  scrubbed  with  a  sponge  moistened  with 
some  powerful  antiseptic.  Even  if  every  trace  of  the  disease  be  not  removed, 
recovery  often  follows  the  operation.  Every  operation  on  tubercular  tissues 
should  be  performed  with  the  strictest  antiseptic  precautions,  as  there  is  every 
reason  to  believe  that  the  presence  of  septic  organisms  and  their  products 
favours  rather  than  hinders  the  further  growth  and  invasion  of  the  tubercle 
bacillus.  In  the  treatment  of  tubercular  ulceration  or  abscesses,  iodoform  has 
been  said  to  exert  a  specific  curative  influence,  but  this  is  not  definitively 
proved.  It  cannot  be  denied,  however,  that  its  free  use  in  the  wound  and 
externally  is  attended  by  very  satisfactory  results. 

The  hypodermic  injection  of  carbolic  acid,  perchloride  of  mercury,  emulsion 
of  iodoform  and  iodine,  has  been  tried  in  various  forms  of  local  tuberculosis, 
but  not  with  any  uniform  success.  The  injection  of  tincture  of  iodine  into 
scrofulous  glands  has  perhaps  been  attended  with  better  results  than  similar 
treatment  elsewhere. 

The  farther  details  of  treatment  of  local  tuberculous  diseases  will  be  given 
with  the  afiections  of  special  systems  and  organs. 

Operations  in  Scrofulous  and  Tuberculous  Cases. — In  cases  of  tuber- 
culous diseases  of  bones  and  joints,  if  the  disease  is  chronic  and  advancing 
very  slowly,  operative  interference  may  be  delayed  till  the  effects  of  simpler 
measures  have  been  tried.  In  young  children  especially  we  find  that  very 
extensive  disease  may  be  recovered  from  under  proper  constitutional  and  local 
treatment  without  operative  interference.    If  the  disease  is  actively  spreading 
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in  spite  of  rest  and  milder  means  operative  measures  become  necessary,  and 
with  proper  antiseptic  precautions  tlierc  need  be  no  fear  of  unhealthy  suppura- 
tion occurring-  in  the  neighbourhood  of  the  disease.  Infection  of  the  opera- 
tion-wound with  tubercle  is  not  a  common  complication,  but  occasionally  a 
lupoid  condition  of  the  scar  is  met  with.  After  excision  of  the  elbow,  the 
knee,  or  the  bones  of  the  foot  and  wrist,  the  disease  will  sometimes  return 
in  the  contiguous  soft  parts  to  such  an  extent  as  to  render  a  second  operation 
necessary  ;  the  tissues  in  the  neighbourhood  of  the  cicatrix  becoming  swollen, 
spongy,  and  infiltrated  with  a  quantity  of  gelatinous  semi-transparent  granula- 
tion-tissue, running  into  unhealthy  suppuration,  with  fistulous  tracts  leading 
through  it  that  cannot  be  brought  to  heal.  If  the  disease  be  ])ut  partially 
removed,  local  recm-rence  is  necessarily  not  uncommon. 

If  the  patient  is  suffering  from  pulmonary  phthisis  as  well  as  a  local 
tubercular  disease  of  a  bone  or  joint  an  operation  should  not  be  undertaken 
if  it  can  be  avoided,  but  even  in  advanced  phthisis  the  patient  mav  survive 
an  amputation  for  a  diseased  joint,  and  even  be  improved  by  it  if  he  pre- 
viously were  suflFering  much  from  pain  and  discharge.  If  the  patient  is  being 
exhausted  by  prolonged  suppuration  from  a  tubercular  bone  or  joint,  removal 
of  the  source  of  the  mischief,  if  possible,  is  the  only  chance  of  relief. 
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CHAPTER  XXXVI. 


VENEREAL  DISEASES. 

The  term  Venereal  Disease  is  used  to  denote  those  affections  wliich  arise 
primarily  from  sexual  intercourse,  viz.,  the  Local  Contagious  Chancre, 
Syphilis,  and  Gronorrhoea.  Hunter  believed  that  all  these  arose  from  one 
poison  ;  but  the  experiments  of  Ricord  and  others  conclusively  proved  that 
gonorrhoeal  pus  when  inoculated  never  produces  a  chancre,  and  the  pus  of  a 
chancre  cannot  cause  gonorrhoea.  Syphilis  and  the  local  contagious  chancre 
were,  therefore,  clearly  separated  ft'om  gonorrhoea  ;  but  for  a  considerable 
time  these  two  were  still  included  under  the  common  name  of  syphilis. 
Ricord,  howevej-,  by  inoculation  showed  that  the  two  diseases  are  not 
identical.  The  inoculation  of  the  virus  of  syphilis  infects  the  whole  system, 
while  that  of  the  local  contagious  chancre  is  never  followed  by  constitutional 
symptoms.  Each  of  the  diseases — Local  Contagious  Chancre,  Syphilis,  and 
Gonorrhoea — propagates  itself,  and  no  other.  Two  of  these  diseases  may, 
however,  co-exist  in  the  same  person.  Thus,  we  shall  have  occasion  to  notice 
the  coincidence,  in  some  cases,  of  the  local  chancre  with  the  phenomena  of 
constitutional  syphilis.  Again,  Ricord  has  pointed  out,  that  a  woman  may  at 
the  same  time  be  affected  by  gonorrhoea  and  by  chancres  on  the  uterus  ;  and 
this  probably  explains  those  cases  in  which,  after  connection  with  the  same 
woman,  different  men  have  contracted  different  forms  of  disease,  or  even  both 
affections. 

It  is  impossible  here  to  discuss  the  various  views  with  regard  to  the  supposed 
relation  of  the  virus  of  the  local  contagious  sore  or  soft  chancre  to  that  of  true 
syphilis.  For  this  I  must  refer  the  reader  to  special  works  on  venereal 
diseases.  In  this  chapter  we  shall  describe — 1,  the  Local  Contagious  Ulcer 
or  Chancre  ;  and  2,  Syphilis  ;  reserving  the  consideration  of  Gonorrhoea  till 
we  speak  of  Diseases  of  the  Urinary  Organs.* 


1.    LOCAL    CONTAGIOUS    ULCER    OR  CHANCRE. 

The  Local  Contagious  Ulcer,  Simple  Non-infecting  Sore  or  Soft 
Chancre,  is  a  local  infective  inflammation,  produced  by  the  action  of  a  virus 
which  increases  in  quantity  in  the  affected  area.  The  increase  of  the  poison 
is  supposed  to  take  place  by  a  process  analogous  to  fermentation  occurring  in 
the  inflammatory  exudations.  Thus  we  see  that  the  result  of  the  inoculation 
of  an  infinitesimal  dose  of  the  poison  may  be  the  formation  of  a  sore  from 
which  many  drachms  of  infective  pus  may  be  discharged  before  the  process 
ceases.  The  intensity  of  the  local  action  of  the  poison  is  such  as  to  cause  a 
progressive  destruction  of  the  tissues  by  ulceration.    As  a  rule  it  shows  but 

«o  ''^e.student  who  wishes  for  farther  inrormution  on  venereal  Diseases  may  refer  to  the.  2nd  edition  of 
"feyphihs  and  Local  Contagious  Disorders,"  by  Bcrlieley  Hill  and  Artliur  Cooper,  in  wliicli  will  be  found  . 
complete  summary  of  all  that  is  known  up  to  the  present  time  ;  or  to  "Syphilis  "by  Jonatlmu  HutcSon 
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little  tendency  to  diffuse  itself  amongst  the  tissues,  the  area  of  inflammation 
beneath  and  around  the  ulcerating  surface  being  usually  very  limited.  Occa- 
sionally, however,  from  causes  which  are  not  fully  understood,  the  intensity  of 
the  virus  is  greater  ;  it  then  extends  more  deeply,  causing  more  rapid  destruc- 
tion, the  dead  tissues  not  being  removed  by  ulceration,  but  remaining  as  an 
adherent  pulpy  slough.  This  form  is  described  as  the  phagedsenic  or  sloughing 
chancre.  The  virus  of  a  simple  chancre  may  be  taken  up  by  the  lymphatics 
and  carried  to  the  nearest  lymphatic  glands,  where  it  may  set  up  an  inflamma- 
tion of  the  same  character  as  that  at  the  primary  seat  of  disease.  Beyond  this 
it  never  goes,  and  although  we  must  suppose  that  it  is  possible  that  it  may 
enter  the  blood-stream,  it  certainly  produces  no  general  infection  under  any 
circumstances.  Of  the  exact  natm-e  of  the  virus  we  know  but  little.  Chancrous 
pus  is  said  to  lose  its  activity  after  drying,  or  after  being  kept  for  some  time 
in  capillary  tubes.  Its  infectivity  is  readily  destroyed  by  alcohol,  corrosive 
sublimate,  and  many  other  chemical  substances.  No  specific  organism  has  as 
yet  been  shown  to  be  constantly  present  in  the  discharges  from  a  chancre. 

Eicord  and  numerous  other  observers  have  shown  clearly  by  experiment, 
that  pus  from  a  chancre,  during  its  first  period,  if  inoculated  into  any  part  of 
the  surface  of  the  body,  will  produce  a  specific  sore  of  the  same  character. 
After  the  inoculation  has  been  repeated  a  certain  number  of  times  the  indivi- 
dual seems  to  become  insusceptible  to  the  poison,  and  no  chancre  follows  the 
introduction  of  the  pus.  Boeck  states  that  this  occurs  usually  after  three  or 
four  months  of  repeated  inoculation,  but  the  time  varies  in  different  indivi- 
duals ;  some  never  acquire  an  immunity,  and  in  all  it  is  only  temporary.  No 
pus  that  is  not  chancrous  can  occasion  the  specific  venereal  ulcer. 

Whatever  the  appearances  presented  by  a  chancre,  there  can  no  longer  be 
any  doubt  that  the  disease  arises  from  one  kind  of  virus  only  ;  the  modifica- 
tions in  the  sore  depending  on  its  situation,  on  the  constitution  of  the  patient, 
and  occasionally  on  that  of  the  individual  who  communicates  the  infection. 
That  this  is  so,  is  evident  from  the  facts  that  every  chancre,  when  inoculated, 
reverts  to  one  typical  form  ;  and  that,  however  much  chancres  may  ultimately 
differ,  they  all  present  the  same  characters  dui-ing  their  early  stages. 

Geigin  and  Peogrbss. — A  chancre  is  necessarily  contracted  in  most  cases 
during  impure  sexual  intercourse  with  a  person  already  contaminated  by  the 
disease.  It  is  almost  invariably  met  with  on  the  genital  organs,  being  much 
more  rare  on  other  parts,  such  as  the  fingers  or  face,  than  the  primary  sore  of 
syphilis.  The  reason  of  this  is  that  in  the  simple  chancre  the  discharge  fi'om 
the  sore  is  the  only  source  of  infection,  while  in  syphilis,  the  secretions  from 
the  mouth,  the  discharges  from  secondary  syphilitic  sores,  and  even  the  blood, 
possess  infective  properties.  In  some  cases,  the  disorder  is  contracted  from 
the  contact  of  filthy  clothes  or  dirty  utensils  with  the  person  ;  and  not  un- 
commonly, it  is  said,  chancres  are  contracted  at  pubhc  water-closets.  Altht)ugh 
the  latter  mode  of  infection  is  not  impossible,  it  should  be  received  with  doubt, 
as  it  is  an  explanation  not  uncommonly  adopted  by  those  who  desire  to 
account  for  the  consequences  of  an  act  of  immorality,  in  a  way  that  does  not 
expose  them  to  reproof.  In  speaking  of  the  mode  of  ]iropagation  of  syphilis, 
Wiseman  says  :  "  It  is  frequent  to  mention  other  secondary  ways  of  the  pro- 
pagation of  it ;  as  lying  in  the  same  bed  with  an  infected  person,  lying  in  the 

same  sheets  after  them,  or  wearing  their  cloaths  Drinking  with  one 

so  diseased,  or  sitting  on  the  close-stool  after  them,  are  likewise  numbered 
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among  the  causes  of  infection.  These  are  all  such  convenient  excuses  for  the 
more  shie  and  coy  patients,  who  will  not  otherwise  be  brought  to  confess  their 
distempers,  that  it  is  pity  to  discountenance  them "  (Wiseman  :  *'  Several 
Ohirurgical  Treatises.    Of  Lues  Venerea,"  London,  1676). 

It  usually  commences  with  a  small  excoriation,  which  appears  to  have  been 
directly  inoculated  with  the  specific  poison.  In  other  cases,  though  more 
rarely,  it  may  be  seen  at  first  in  the  shape  of  a  small  pointed  pustule,  which 
speedily  breaks,  leaving  an  idcer  of  a  specific  character  in  its  site.  Yery  gene- 
rally, however,  this  pustule  escapes  observation,  and  the  disease  is  presented 
in  the  first  instance  as  an  ulcer.  The  chancrous  ulcer,  whatever  form  it 
assumes,  seldom  makes  its  appearance  until  a  few  days  (three  to  five),  after 
connection.  In  some  cases,  however,  I  have  observed  it,  evidently  from  the 
infection  of  a  fissure  or  crack,  on  the  day  following  impure  intercourse  ;  and 
occasionally,  in  rare  instances,  its  appearance  may  be  delayed  a  few  days 
longer- than  that  time  which  has  been  mentioned. 

The  progress  of  a  chancre  that  has  been  artificially  inoculated  on  any  part 
of  the  cutaneous  surface  is  as  follows,  and  its  study  will  serve  to  elucidate  what 
takes  place  in  other  circumstances.  During  the  first  twenty-four  hours  after 
the  introduction  of  the  specific  pus  into  the  skin  on  the  point  of  a  lancet,  we 
find  that  some  inflammation  is  set  up  around  the  puncture,  which  becomes  hot, 
red,  and  itchy.  About  the  third  or  fourth  day,  a  pointed  pustule  is  produced, 
which  is  at  first  deep-set,  but  becomes  on  the  following  day  more  superficial, 
with  some  depression  in  the  centre,  resembling  rather  closely  a  small-pox  pustule. 
On  the  fifth  day  the  pustule  bursts  ;  and  on  the  sixth  it  has  usually  dried, 
^  forming  a  small  round  scab,  which  comes  off,  leaving  an  ulcer  which  presents 
the  typical  characters  of  a  true  chancre,  being  circular  and  depressed,  with  an 
irregular  "  worm-eaten  "  surface  of  a  foul  greyish  colour,  which  cannot  be 
cleansed,  sharp-cut  edges,  a  base  slightly  indurated  by  inflammation,  and  an 
angry-looking  red  areola  around  it.  Such  induration  as  may  be  present  is 
not  sharply  defined,  but  fades  away  into  the  surrounding  healthy  tissues. 
This  is  the  typical  chancre,  and  these  are  the  appearances  that  every  true 
venereal  non-syphilitic  sore  on  the  skin  will  present  about  the  fifth  or  sixth 
day  after  inoculation  ;  from  this  time  it  may  diverge  more  or  less  completely 
from  these  characters,  but  wiU  yet,  if  inoculated  at  any  time  during  the 
poisonous  stage,  produce  an  ulcer  that  will  run  the  specific  course  up  to  the 
same  period,  after  which  it  may  in  its  turn  again  deviate  into  one  or  other  of 
the  unusual  forms  that  chancres  occasionally  assume. 

Varieties. — These  have  been  described  under  various  denominations  by  the 
numerous  writers  on  these  affections.  The  following  classification  will  include 
them  all: — 1,  the  Simple  or  Soft  Chancre,  or  Chancrous  Excoriation  ;  2,  the 
Sloughing  Chancre  ;  and  3,  the  PhagedEenlc  Chancre.  The  particular  form 
of  the  sore  is  in  each  case  determined  by  its  situation,  and  the  constitution  of 
the  patient  or  that  of  the  individual  furnishing  the  contagion. 

1.  Simple  or  Soft  Chancre,  or  Chancrous  Excoriation,  is  that  form 
of  the  disease  which  is  most  commonly  met  with.  It  consists  of  one  or 
more  small  sores,  somewhat  circular  in  shape,  of  a  veiy  shallow^  character, 
resembling  rather  an  abrasion,  with  sharp-cut  edges,  sometimes  slightly 
undermined,  and  having  an  irregular,  .spongy  surface,  of  a  tawny  greyish  or 
yellowish  colour,  with  a  narrow  red  areola  around  the  edge  ;  in  many  cases 
attended  with  much  heat  and  itching.    These  sores  are  usually  seated  on  the 
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cleft  under  the  corona  glandis,  or  about  the  glans,  the  whole  of  which  may  be 
studded  with  them.  In  fact,  one  peculiarity  of  this  chancre  is  its  tendency  U) 
multiplication  on  the  contiguous  structures.  In  other  cases,  the  sores  invade 
the  fr^num,  which  may  be  perforated  ;  or  they  may  occupy  the  mucous  sur- 
face of  the  prepuce.    In  no  case  are  they  indurated. 

The  excoriated  chancres  not  unfrequently  present  somewhat  varying  appear- 
ances. In  some  cases  their  surface  becomes  covered  with  large  fungous 
granulations  ;  hence  these  are  termed  fungating  sores.  In  other  instances  thev 
are  very  irritable,  becoming  exceedingly  sensitive,  with  a  tendency  to  spread,  and 
having  a  dusky  red  areola  around  them.  These  chancres  are  very  frequently 
attended  by  much  general  inflammation  of  the  penis  ;  the  organ  being  red  and 
swollen  from  subcutaneous  oedema,  and  usually  in  a  state  of  phimosis,  with 
much  purulent  discharge  from  between  the  prepuce  and  the  glans. 

2.  Sloughing  Chancre. — This  may  be  looked  upon  as  a  gangrenous 
inflammation  of  a  non-infecting  sore.  It  is  usually  the.  result  of  want  of 
cleanliness,  and  of  the  confinement  of  the  specific  pus  under  a  long  foreskin. 
It  is  most  likely  to  occur  in  weak  and  debilitated  subjects,  but  it  is  also  met 
with  in  healthy  young  men.  The  penis  becomes  red,  greatly  swollen,  and 
somewhat  brawny,  the  prepuce  cannot  be  retracted,  and  foul,  very  offensive 
pus,  often  stained  with  blood,  escapes  from  beneath  it.  If  it  be  not  reheved, 
a  dusky  black-looking  spot  soon  makes  its  appearance  on  one  side  of  the 
organ  ;  this  rapidly  extends,  thick  black  pultaceous  sloughs  appear,  and  thus 
one  side  of  the  foreskin  may  be  destroyed,  or  a  round  aperture  may  form  in 
it,  through  which  the  glans  projects,  whilst  the  swollen  and  inflamed  extremity 
of  the  prepuce  hangs  down  behind  it,  giving  the  organ  a  very  remarkable, 
and,  at  first  sight,  somewhat  puzzling  appearance.  As  soon  as  the  pent-up 
discharges  find  exit  in  this  way,  the  intensity  of  the  inflammation  becomes 
somewhat  relieved.  In  other  cases  the  whole  foreskin  may  slough,  and  the 
glans  be  deeply  implicated,  and  even  the  corpora  cavernosa  denuded.  Severe 
hsemorrhage  from  the  dorsal  artery  or  the  artery  of  the  frsenum  may  take 
place.  Not  uncommonly  the  pus,  being  unable  to  flnd  exit  from  the  orifice  of 
the  swollen  prepuce,  bursts  thi-ough  the  reflection  of  the  foreskin  at  the  corona, 
and  burrows  beneath  the  skin  of  the  penis  for  some  distance  supei-ficial  to  the 
corpora  cavernosa.  I  have  seen  it  extending  in  this  way  for  a  distance  equal 
to  the  two  first  joints  of  the  finger.  In  other  cases,  when  the  sore  is  near  the 
fraBuum,  it  may  perforate  the  urethra,  leaving  a  fistulous  opening  which  it 
may  be  impossible  to  close.  After  the  separation  of  the  sloughs,  healthy 
granulations  spring  up,  the  sore  loses  its  specific  character,  and  cicatrization 
advances  rapidly. 

3.  The  Fhagedaenic  Chancre. — This  differs  from  the  sloughing  chancre 
in  not  being  evidently  due  to  want  of  cleanliness.  It  attacks  sores  that  can 
be  freely  exposed,  as  well  as  those  that  are  concealed  beneath  a  long  foreskin, 
and  if  occurring  in  the  latter  condition  does  not  show  the  same  tendency  to 
cease  extending  as  soon  as  the  retention  of  the  discharges  and  inflammatory 
tension  are  relieved  by  slitting  up  the  foreskin.  The  sore  may  assume  the 
phagedisnic  character  from  the  very  first,  or  tliis  may  be  set  up  at  some  period 
of  its  course.  Phagedaena  atfecbs  both  the  simple  cliancre  and  the  true  syphi- 
litic sore.  In  fact  some  Surgeons,  especially  Jonathan  Hutchinson,  believe 
that  it  is  invariably  syphiUtic,  either  attacking  a  primary  syphilitic  sore  or  a 
soft  sore  in  a  person  already  suffering  from  syphilis,  and  Berkeley  Hill  states 
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ihat  a  considerable  proportion  of  cases  arc  followed  by  secondary  symptoms. 
As  soon  as  the  phagedtenic  ulceration  sets  in,  the  characteristic  appearances 
of  the  sore  are  lost,  so  that  it  is  not  possible  to  say  what  form  it  had  originally 
assumed. 

The  phagedsenic  chancre  is  characterized  by  a  tendency  to  erosion,  with 
extensive  destruction  of  the  parts  that  it  invades.  The  progress  of  the  sore 
varies  greatly  in  its  rapidity.  In  some  cases  it  advances  slowly  and  irregu- 
larly, healing  at  one  part  while  spreading  at  another ;  thus  forming  the 
se)-pigi?ious  sore.  In  other  cases  the  advance  is  extremely  rapid.  In  men  the 
whole  thickness  of  the  penis  may  be  destroyed  for  some  distance,  and  in 
women  the  recto-vaginal  septum  may  be  perforated.  Between  these  forms 
every  variety  may  be  met  with.  Wallace  has  divided  phagedsenic  sores  into 
three  varieties  :  those  'without  slough,  those  with  tuhitc  slough,  and  those  ivitli. 
black  slough.  This  classification  appears  to  me  to  be  a  useful  and  practical 
one,  and  I  accordingly  adopt  it. 

The  phagedcenic  chancre  ivithout  slough  is  a  truly  eroding  ulcer,  spreading 
with  sharply-cut  edges,  attended  by  slight  inflammation,  and  with  moderate 
activity  of  progress  ;  it  is  commonly  observed  about  the  fra^num  and  under 
part  of  the  glans,  and  very  fi-equently  hollows  out  and  destroys  the  organ  in 
this  situation  to  a  considerable  extent.  AVhen  reaching  the  skin,  it  often 
assumes  the  serpiginous  form. 

In  the  phagedoinic  chancre  ivith  lohite  slough,  we  find  an  irregular  eroding- 
ulcer,  with  a  thin  margin  of  white  slough  situated  at  the  junction  of  the  dead 
and  living  structures ;  that  which  covers  the  surface  of  the  sore  having  usually 
,  become  darkened  by  exposure  to  air,  to  dressings,  and  to  secretions. 

The  phagedo'mc  chcmcre  tvith  Hack  slough  differs  but  little  from  the  last, 
except  in  the  colour  of  the  slough,  which  may  be  in  a  great  measure  accidental, 
and  in  its  tendency  to  somewhat  rapid  extension. 

Phagedenic  sores  are  most  commonly  met  with  in  persons  suffering  from 
debility  from  want  of  food,  or  after  exhausting  diseases,  and  in  scrofulous 
subjects.  Chancres  are  also  very  apt  to  assume  this  form  amongst  troops 
exhausted  by  the  hardships  of  a  campaign.  Phagedsenic  sores  when  spreading 
rapidly  are  often  accompanied  by  much  pain  and  constitutional  disturbance. 

Situation. — As  simple  chancres  almost  invariably  result  fi-om  connection 
•with  persons  suflPering  from  sores  of  similar  nature,  they  commonly  occur  on 
the  genital  organs.  Berkeley  Hill  states  that  99  per  cent,  are  in  this  situation. 
Accidental  inoculations  on  the  fingers  of  medical  men  or  on  the  face  arc 
extremely  rare,  in  fact  almost  unknown.  In  the  genital  organs  in  the  male 
they  may  be  met  with  in  various  situations.  They  are  by  far  most  commonly 
seated  in  the  angle  formed  between  the  glans  and  the  prepuce  ;  the  situation 
next  in  order  of  frequency  is  the  orifice  or  the  inner  surface  of  the  prepuce, 
Tiext  the  frenum,  then  the  glans,  more  rarely  the  orifice  of  the  urethra  in 
■some  cases  extending  a  short  way  down  the  canal,  and  lastly  the  skin  of  the 
body  of  the  penis.  Those  about  the  frasiium  are  often  sloughy  and  irritable, 
have  at  great  tendency  to  perforate  or  destroy  this  membrane,  and  are  more 
frequently  followed  by  hsemorrhage  or  bubo  than  any  of  the  other  varieties 
<jf  the  disease. 

In  women,  chancres  are  most  commonly  situated  on  the  external  organs  of 
generation,  usually  just  inside  the  fourchette  or  labia  minora,  very  rarely  indeed 
on  the  lining  meml>rai.ie  of  the  \  agiua,  but  sometimes  on  the  cervix  or  os 
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uteri  ;  hence  it  is  impossible  ever  to  pronounce  a  woman  free  from  chancre 
without  examining  these  parts  by  means  of  tlie  speculum.  When  situated 
upon  the  external  organs,  they  are  not  unfrequently  concealed  Ijctween  the 
rugce,  or  in  nooks  and  corners  of  the  mucous  membrane.  In  these  cases, 
their  presence  may  sometimes  be  detected  by  the  labia  being  swollen  and 
oedematous  from  the  irritation  they  produce. 

Chancres  may  also  form  on  other  parts  where  they  have  been  accidentally  or 
puj'posely  inoculated.  Thus  I  saw  many  years  ago  (1839)  in  Ricord's  wards, 
a  man,  labouring  under  eczema  of  the  legs,  in  whom  the  cutaneous  disease  had 
been  converted  into  a  series  of  immense  chancres  by  accidental  inoculation 
from  a  sore  on  the  penis. 

Diagnosis. — The  diagnosis  of  chancre  is  usually  not  difficult,  the  peculiar 
character  of  the  sore  enabling  the  Surgeon  to  recognize  it  in  all  its  forms.  In 
some  instances,  however,  it  is  by  no  means  easy  to  say  positively  whether  an 
ulcer  on  the  penis  be  or  be  not  chancrous.  It  is  especially  difficult  to  distin- 
guish some  forms  of  excoriated  chancre  from  herpes  on  the  prepuce  or  glans, 
or  from  those  slight  excoriations  that  many  men  habitually  contract  after  a 
somewhat  impure  connection  ;  so,  also,  the  wonnd  resulting  from  a  ruptured 
frsenum  often  presents  a  suspicious  appearance. 

Herpes  of  the  prepuce  is  recognized  by  the  closely-set  crop  of  small  vesicles 
with  some  redness  round  them.  Herpes  may  become  inoculated  with  the 
poison  of  a  chancre.  Pustules  then  quickly  form  in  the  place  of  the  vesicles, 
and  burst,  leaving  a  number  of  small  sores  which  soon  coalesce.  A  simple 
excoriation,  or  the  wound  from  a  ruptured  li'tenum,  can  only  be  distinguished 
from  a  chancre  by  watching  the  sore  for  a  few  days  ;  but  it  is  better  not  to 
wait  till  the  characteristic  appearances  show  themselves,  but  to  treat  every 
doubtful  case  as  a  soft  chancre.  When  the  prepuce  is  in  a  state  of  inflam- 
matory phimosis,  it  is  always  extremely  difficult  to  determine  without  slitting 
up  the  foreskin  whether  there  be  chancres  under  it,  or  whether  the  discharge  be 
due  to  simple  balanitis  or  gonorrhoea.  Sometimes,  however,  the  inflammatory 
induration  round  the  sores  can  be  felt  through  the  swollen  foreskin. 

The  diagnosis  of  the  simple  non-infecting  chancre  from  the  primary  syphi- 
litic sore  will  be  described  with  the  latter  affection.  It  is  for  this  purpose  only 
that  the  inoculation  of  the  discharge  or  the  administration  of  mercury  could 
be  suggested  as  a  means  of  diagnosis. 

Treatment  of  NoN-iNFECTiNr,  or  Soft  Chancres. — Until  the  simple 
non-infecting  chancre  was  clearly  distinguished  from  the  true  syphilitic  sore 
much  diflPerence  of  opinion  and  practice  prevailed.  It  is  now,  however,  fullj^ 
recognized  that  the  simple  chancre,  being  a  local  disease,  and  occurring  in  the 
great  majority  of  cases  in  persons  otherwise  in  perfect  health,  requires  no- 
special  constitutional  treatment.  The  gangrenous  and  phagedenic  forms,  on- 
the  other  hand,  being  often  accompanied  by  serious  constitutional  disturbance,, 
or  depending  partly  on  a  debilitated  state  of  health,  require  constitutional 
treatment  as  well  as  local. 

Local  Treatment. — This  has  for  its  object  the  destruction  of  the  specific 
character  of  the  sore. 

With  a  view  of  modifying  the  specific  character  of  the  sore,  there  is  no- 
application  so  efficacious  as  iodoform.  It  will  usually  cure  a  simple  soft 
chancre  in  a  week  or  ten  days.  The  crystalline,  and  not  the  precipitated,. 
iodoforra  should  be  used,  as  the  latter  sometimes  causes  irritation.     It  is 
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applied  by  simply  dusting  a  small  quantity  of  the  powder  on  the  sore  twice 
a  day,  and  afterwards  covering  it  with  a  piece  of  cotton-wool,  either 
simple  or  impregnated  with  iodoform.  At  each  dressing  the  sore  'must  be 
carefully  washed  with  tepid  water.  The  only  objection  to  this  treatment  is 
the  powerful  smell  of  the  drug.  If  the  pure  iodoform  is  used,  it  is  better  to 
apply  it  before  dressing  in  the  morning  and  after  undressing  at  night,  to  avoid 
any  chance  of  its  falling  upon  the  clothes.  Berkeley  Hill  recommends  the  use 
of  "  iodo-carbon  paste,"  composed  of  iodoform  in  fine  powder,  5j  ;  wood 
charcoal,  5ij  ;  glycerine  of  starch,  5ij  ;  glycerine,  3]  ;  oil  of  lavender,  -n|xx  ; 
or  a  solution  of  iodoform  in  eucalyptus  oil :  iodoform,  5iss  ;  oil  of  eucalyptus, 
3]  ;  olive  oil,  ^v.  By  both  these  preparations  the  smell  is  very  efficiently 
concealed,  but  if  the  odour  is  not  a  very  great  objection,  there  is  nothing  so 
efiicient  as  the  pure  crystals. 

Should  the  iodoform  not  be  at  hand,  or  the  objection  to  its  use  be  very 
great,  the  specific  sore  may  be  destroyed  by  caustics.  The  complete  destruc- 
tion of  the  local  virus  should  always,  if  possible,  be  effected  ;  and  if  this  can 
be  done  in  the  early  stage  of  the  disease,  the  healing  of  the  sore  will  be  much 
expedited.  But,  even  though  a  considerable  time  have  passed  before  the  Surgeon 
sees  the  sore,  it  is  well  to  destroy  the  ulcerating  and  poisonous  surface,  that 
its  further  extension  may  be  prevented.  This  should  be  done  by  the  appli- 
cation of  caustics  in  a  sulRciently  concentrated  form  to  destroy  radically  and 
at  once  the  specific  character  of  the  sore,  so  as  not  only  to  save  the  pain,  but 
to  prevent  the  irritation  attendant  upon  frequent  applications.  The  nitrate 
of  silver,  which  is  often  used  for  this  purpose,  is  too  weak  to  secure  the 
effect  it  is  intended  to  accomplish,  being  apt  to  irritate,  and  not  to  destroy 
the  chancrous  surface,  thus  necessitating  repeated  and  painful  applications.  I 
consequently  prefer  to  this  the  strong  nitric  acid,  one  application  of  which 
will  very  commonly  suffice  to  annihilate  the  specific  character  of  the  sore. 
The  parts  should  first  be  rendered  anassthetic  by  means  of  cocaine.  The  acid 
should  then  be  applied  by  means  of  a  piece  of  wool,  or  a  glass  rod  ;  with  this 
the  sore  may  be  freely  rubbed,  and  then,  a  stream  of  cold  water  having  been 
poured  over  it  to  wash  away  any  superfluous  acid,  a  wet  dressing  should  be 
laid  on  ;  after  the  small  slough  produced  by  the  caustic  has  separated,  a 
healthy  granulating  surface  will  be  left.  The  caustic  may  be  apphed  at  any 
time  during  the  continuance  of  the  specific  condition  of  the  sore  ;  but  when 
once  this  has  been  destroyed,  it  should  not  be  re-applied.  The  patient  should 
be  kept  as  much  at  rest  as  possible  if  the  sore  be  of  any  size,  and  he  should 
when  moving  about  have  the  penis  supported  against  the  lower  part  of  the 
abdomen  by  means  of  a  handkerchief. 

After  a  chancre  has  been  cauterised,  as  soon  as  the  slough  separates,  the 
surface  may  begin  to  granulate  healthily  at  once,  requiring  but  simple 
dressings  ;  but  in  many  cases  it  will  continue  in  a  somewhat  unhealthy 
condition,  demanding  special  topical  applications  to  cause  it  to  cicatrise 
soundly.  If  it  be  weak  and  f ungating,  an  astringent  lotion,  such  as  the 
following,  will  be  found  most  useful.  9,  Tannin,  gr.  xx  ;  Tinct.  lavandulse 
comp.  5ij  ;  Vini  rubri,  3iv.  Or  a  solution  of  sulphate  of  copper  may  be 
applied,  and  the  sore  touched  from  time  to  time  with  nitrate  of  silver. 

In  using  lotions  to  any  form  of  chancre,  care  should  always  be  taken  to  keej). 
a  piece  of  lint  soaked  in  the  fluid  constantly  applied  between  the  prepuce  and 
the  glans,  and,  in  women,  between  the  opposite  labia  ;  for,  unless  this  be  dono, 
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the  contact  of  the  diseased  and  inflamed  mucous  sui'faces  with  one  another  will 
tend  to  keep  up  the  irritation  and  ulceration. 

These  are  the  means  that  are  generally  most  useful  in  Simple  Chancres.  In 
some  cases,  however,  inflammation  of  the  sore,  or  peculiarities  in  its  situation, 
demand  modifications  of  the  treatment. 

If  there  be  much  inflammation  about  the  sore  and  the  prepuce,  this  must 
first  be  subdued  by  the  application  of  wet  dressing,  or  of  lead  and  spirit  lotion.  , 
When  this  is  removed,  if  the  sore  have  not  lost  its  specific  charax^-ter,  the  * 
caustic  should  be  applied  in  the  usual  way. 

Should  there  be  phimosis  with  discharge  of  pus  from  under  the  tightened 
prepuce,  this  must  be  slit  up,  so  as  to  expose  the  subjacent  chancres.    It  is  | 
better  at  the  same  time  to  complete  the  operation  of  circumcision  by  removing  ' 
the  foreskin  with  the  knife  or  scissors  after  it  has  been  slit  up  along  its  dorsal 
aspect.    Otherwise  when  it  heals  an  inconvenient  pendulous  flap  of  skin  will  | 
be  left,  requiring  subsequent  removal.    In  order  to  avoid  infection  of  the  raw  ] 
surface  from  the  chancre,  the  operation  may  be  thus  performed.    The  fore-  ( 
skin  is  first  slit  up  and  the  chancres  exposed  ;  the  surface  of  the  glans  and  the  '. 
prepuce  are  then  thoroughly  cleaned  with  carbolic  lotion  (1  in  20),  and  the  | 
sores  wiped  out  with  chloride  of  zinc  solution  (40  grs.  to  5j ).    The  surface 
of  the  sore  may  be  rubbed  forcibly  with  a  dossil  of  lint  soaked  in  this  solution, 
to  remove  any  adherent  slough.    Everything  being  thus  thoroughly  cleaned 
the  operation  of  circumcision  may  be  completed  ;  after  hgaturing  any  bleeding 
vessels,  the  parts  must  be  thoroughly  sprinkled  with  iodoform  and  wi'apped  in 
iodoform  wool.    By  these  means  infection  of  the  wound  can  generally  bo 
avoided.    There  should  be  no  delay  in  performing  the  operation.    When  pus  ' 
comes  from  under  a  long  foreskin  and  its  source  cannot  be  seen,  the  patient 
should  always  be  advised  to  submit  to  circumcision,  unless  there  is  some  very 
marked  improvement,  following  the  application  of  fomentations  and  the 
injection  of  antiseptic  solutions,  by  the  third  day  at  latest.    If  the  pus  is 
offensive  the  operation  should  be  performed  at  once,  as  it  probably  aiises  from 
a  sloughing  chancre. 

If  the  chancres  be  situated  round  the  orifice  of  an  elongated  and.  tight 
prepuce,  circumcision  is  the  best  means  of  removing  the  disease  and  the 
inconvenience  at  the  same  time.  The  precautions  just  described  must  bo 
adopted  to  prevent  infection  of  the  cut  surface. 

In  the  Sloughing  Chancre,  when  the  prepuce  is  greatly  tumefied,  in  a 
state  of  inflammatory  phimosis,  and  of  a  deep  red  or  purplish  colour,  with 
threatening  of  extensive  gangrene,  a  director  .should  be  passed  between  it  and 
the  glans  penis,  and  the  swollen  prepuce  slit  up.  In  this  way  tension  is 
removed,  and  the  sloughing  arrested.  The  chancre  wlieu  exposed  will  be 
found  to  be  covered  with  a  pulpy  grey  tenacious  slough.  This  is  best  removed 
by  forcibly  rubbing  the  surface  with  a  piece  of  sponge  or  lint  soaked  in  a 
solution  of  chloride  of  zinc  (gr.  40  to  ^j),  after  which  iodoform  must  be 
applied.  The  application  of  nitric  acid  is  seldom  necessary.  If  the  state  of 
the  parts  is  such  as  to  admit  of  it,  the  operation  of  circumcision  may  be  at 
once  completed.  If  there  be  much  sloughing  of  the  ]iropuce  it  is  better 
to  delay  the  completion  of  the  operation  till  the  sloughs  have  separated,  when 
pei-haps  it  may  be  found  unnecessary.  During  the  separation  of  the  sloughs 
the  penis  should  be  wrapped  in  lint  soaked  in  some  warm  antiseptic  solution, 
as  boracic  acid  or  permanganate  of  potash.    The  patient  should  sit  in  a  hot 
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hip-bath,  to  which  some  solution  of  permanganate  of  potash  (Oondy's  fluid), 
or  some  boracic  acid,  may  be  added,  for  half  an  hour  or  more  twice  a  day.  A 
little  hfemorrhage  need  cause  no  anxiety,  and  is  usually  easily  arrested  by  dry 
cotton-wool  and  pressure,  but  if  it  occur  to  an  alarming  extent,  the  patient 
should  be  put  under  chloroform,  and  the  actual  cautery  freely  applied.  This 
not  only  stops  the  bleeding,  but  arrests  the  progress  of  the  sloughing.  When 
once  the  chancre  is  healthily  grauulating,  it  must  be  dressed  in  the  same  way 
as  any  common  ulcer. 

The  local  treatment  of  the  Phagedaenic  Chancre  depends  on  the  form  it 
assumes.  If  it  be  the  eroding  ulcer  without  slough,  iodoform  will  often  arrest 
it,  but  its  action  is  by  no  means  certain.  If  it  fails,  bichloride  of  mercury 
(gr.  ij  to  Sj),  diluted  if  it  is  too  painful,  is  often  of  great  service.  Should  this 
fail,  the  strong  nitric  acid  may  be  applied,  after  which  it  may  be  dressed  with 
a  dilute  nitric  acid  and  opium  lotion.  If  the  phagedtenic  process  be  spreading 
rapidly  with  a  white  or  black  slough,  the  sore  must  be  treated  like  hospital 
gangrene.  The  slough  must  be  scraped  away,  and  fuming  nitric  acid,  or  in 
bad  cases  the  actual  cautery,  applied  freely,  after  which  iodoform  and  boracic 
acid  fomentations,  or  hnt  soaked  in  the  nitric  acid  and  opium  lotion,  may 
be  used,  the  caustic  being  applied  again  whenever  there  is  any  tendency  to 
extension  of  the  disease.  In  obstinate  cases  of  phagedtenic  chancre  Hebra  in 
Germany  and  Hutchinson  in  this  country  have  recommended  that  the  patient 
should  be  immersed  for  ten  hours  daily  in  a  bath  of  hot  water,  maintained 
constantly  at  a  temperature  of  1)8°  F.  The  bath  must  be  repeated  daily  till 
healing  is  distinctly  taking  place. 

Constitutional  Treatment. — The  Simple,  Soft,  or  Excoriated  sore 
requires  no  constitutional  treatment  beyond  attention  to  the  ordinary  rules  of 
health. 

In  the  Sloughing  Chancre  it  frequently  happens  that  the  mischief  is 
entirely  due  to  local  causes,  such  as  the  accumulation  of  discharge  under  a 
long  foreskin.  In  these  cases  the  constitutional  disturbance,  which  may  be 
severe,  will  subside  as  soon  as  the  local  condition  is  relieved.  In  other  cases 
the  sloughing  is  due  partly  to  local  causes  and  partly  to  a  depressed  state  of 
health.  In  these  ammonia  and  bark,  good  nourishment  and  abundant 
stimulants,  will  be  required.  Opium  may  be  necessary  to  relieve  pain  and 
irritability,  and  eventually  the  patient's  strength  may  be  supported  by  iron 
and  quinine.    In  a  sloughing  chancre  mercury  is  never  requii'ed. 

In  the  constitutional  treatment  of  Fhagedaenic  Chancre  it  must  be  borne 
in  mind  that  the  patient  is  usually  in  a  debilitated  condition  before  the 
invasion  of  the  disease  ;  consequently  tonics,  such  as  bark  or  iron,  with  good 
food  and  stimulants,  are  frequently  required,  together  with  opiates  to  allay  pain 
and  procure  rest.  The  preparations  of  iron,  especially  the  ammonio-citrate 
and  the  tartrate,  either  alone  or  in  combination  with  sarsaparilla,  arc  especially 
useful  in  these  cases.  It  has  before  been  stated  that  phageda3nic  ulceration 
may  start  from  a  true  syphilitic  sore  or  occur  in  a  patient  sufl^ering  from 
constitutional  syphilis.  Mercury  is,  however,  often  inadmissible,  and  if  given 
indiscriminately  may  do  much  harm  in  many  cases  by  further  debilitating  the 
patient.  On  the  other  hand,  some  sores  which  have  resisted  treatment  for 
a  long  time  may  rapidly  improve  if  mercury  be  carefully  administered  in 
small  doses.  Wallace  stated  that  its  beneficial  effects  are  most  marked  in 
those  cases  which  are  characterized  by  the  presence  of  a  white  slough.    It  is 
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host  given  as  the  pci'chlonde,  in  doses  of  to  -,-'„-  of  a  grain  with  tincture 
and  decoction  of  cinchona.  Ifc  is  in  these  cases  also  that  the  local  application 
of  perchloride,  in  the  strength  of  from  one  to  two  grains  to  the  ounce  of  water, 
is  so  frequently  useful. 

Consecutive  Symptoms  op  the  Local  Contagious  Ulcee.— Chancres 
are  not  unfrequently  followed  by  a  scries  of  affections  which  may  be  termed 
conseciiUve,  depending  as  they  do  upon  the  primary  disease,  but  being  local  in 
their  character,  and  presenting  no  evidence  of  constitutional  infection.  These 
consecutive  symptoms  are  three  in  number  :  viz.,  Contraction  of  the  Cicatrix 
of  the  Chancre,  Bubo,  and  Warts. 

Contracted  Cicatrices.— Most  excoriated  chancres  are  healed  without  any 
marked  cicatrix  being  left ;  but,  in  the  phagedasnic  and  the  sloughing 
chancres,  there  is  always  loss  of  substance,  often  to  a  considerable  extent,  and 
consequently  a  depressed  scar.  If  the  ulceration  happens  to  have  involved 
the  orifice  of  the  urethra  a  very  intractable  stricture  may  result,  which  may 
subsequently  necessitate  division  of  the  scar  for  its  relief.  The  situations  of 
all  venereal  ulcers  should  be  watched  for  some  time,  however  readily  the  sore 
may  have  healed  ;  for  the  virus  of  syphilis  may  have  been  introduced  with 
that  of  the  simple  chancre,  and  if  this  have  happened,  induration  will  commence 
at  the  point  of  contagion,  when  the  time  of  incubation  has  elapsed.  Thus  a 
month  or  six  weeks  should  pass  away  after  the  suspicious  connection,  before 
the  Surgeon  pronounces  the  patient  safe  from  syphilis. 

Bubo. — By  bubo  is  meant  an  inflammatory  enlargement,  frequently  termi- 
nating in  suppuration  of  the  lymphatic  glands  which  receive  the  lymph-stream 
from  the  inoculated  surface.  A  bubo,  though  generally  produced  in  the  groin 
by  absorption  of  irritating  matter  from  chancres  on  the  penis,  may  occur  else- 
where ;  as  for  instance,  in  the  axilla,  in  cases  of  chancre  on  the  finger  ;  in  the 
submaxillary  region,  if  the  disease  occur  on  the  lip.  The  enlargements  of 
the  inguinal  or  other  lymphatic  glands  that  occm*  in  cases  of  venereal  chancre, 
may  be  either  simple  or  specific.  In  the  former  the  irritating  material  may 
be  derived  from  concomitant  inflammation  about  the  sore,  as  when  balanitis 
or  phimosis  is  present,  without  the  specific  virus  of  the  soft  chancre  reaching 
the  gland.  In  scrofulous  subjects  this  readily  takes  place.  In  these  cases 
the  bubo  is  termed  sympalhetic,  and  the  affection  must  be  considered  as  simple 
inflammation.  It  may  speedily  subside  without  the  formation  of  pus,  but 
should  suppuration  take  place  the  pus  possesses  no  specific  properties,  and 
is  not  inoculable.  It  constitutes  in  fact  a  simple  glandular  abscess  and 
presents  nothing  in  any  way  peculiar.  Indeed,  in  a  very  large  proportion  of 
cases  of  simjDle  chancre  there  is  some  slight  enlargement  and  tenderness  of  the 
glands  above  Poupart's  ligament,  accompanied  by  some  degree  of  stiffness  and 
.dragging  pain.  The  liability  to  iri'itation  and  inflammation  of  the  glands 
in  the  groin  is  greatly  increased  by  the  patient  walking  about  or  otherwise 
exerting  himself.  But  I  do  not  think  that  causes  such  as  these  influence  the 
occuiTcnce  of  the  other  and  more  troublesome  adection  of  the  lymphatic 
glands,  namely  the  virulent  bifbo,  which  appears  to  originate  from  direct 
absorption  of  the  specific  poison  of  the  chancre  ;  so  that  we  may  consider 
with  Ricord  that  a  virulent  bubo  is,  properly  speaking,  a  chancre  of  a 
lymphatic  gland,  differing  only  in  seat  from  that  which  is  situated  on 
the  surface  of  the  body.  Ricord  has  observed,  and  I  have  often  had  an 
opportunity  of  testing  the  correctness  of  this  observation,  that  the  pus 
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of  a  virulent  bubo  is  as  readily  iuoculable  as  that  of  au  ordinary  chancre. 
This  kind  of  bubo,  then,  may  be  considered  as  a  specific  abscess,  at  first  limited 
to  the  gland,  but  subsequently  infecting  the  surrounding  tissues.  Ricord  also 
pointed  out  that  in  some  cases  suppuration  takes  place  round  the  affected 
gland  without  infection  of  the  tissues  with  the  specific  pus.  Thus  if  a  virulent 
bubo  be  carefully  opened  a  cavity  is  sometimes  exposed  in  which  the  gland 
can  be  seen  partially  separated  by  pus  from  the  surrounding  tissues.  Inocula- 
tions made  with  the  pus  surrounding  the  gland  may  fail,  but  if  the  incision 
be  carried  further  into  the  gland  itself  a  second  cavity  is  found  containing 
inoculable  pus.  If  this  condition  be  met  with,  infection  may  be  prevented  by 
scooping  the  gland  out  entire  without  opening  into  it.  When  once  a  gland 
has  become  virulently  infected,  it  is  probable  that  no  treatment  can  prevent 
suppuration. 

.  Usually  only  one  or  two  glands  suppurate,  although  several  may  be  enlarged ; 
and  very  commonly  the  disease  is  confined  to  one  groin  only,  though  both 
may  be  aflFected,  more  particularly  if  the  chancre  be  situated  on  the  freenum. 

In  the  early  stages  it  is  impossible  to  distinguish  a  sympathetic  from  a 
virulent  bubo.  The  glands  become  sw^ollen  and  tender  ;  at  first  they  are  not 
adherent  to  the  skin,  and  their  form  and  outline  can  be  clearly  recognized. 
As  soon  as  the  inflammation  extends  to  the  tissue  outside  the  capsule,  the 
glands  become  lost  in  the  surrounding  inflammatory  exudation.  The  swelling 
is  at  first  braAvny  and  hard,  but  it  soon  becomes  softer  and  boggy,  after  which 
distinct  fluctuation  becomes  perceptible.  The  skin,  at  first  red,  becomes 
dusky  and  pm-ple,  and  if  the  case  be  left  to  nature,  it  is  frequently  extensively 
undermined  before  the  bubo  bursts.  If  the  bubo  be  simple,  the  cavity 
presents  nothing  differing  from  that  of  an  ordinary  abscess.  If  it  be  virulent, 
its  waUs  are  ragged,  sloughy-looking  and  unhealthy,  and  instead  of  healing, 
the  sore  may  spread,  with  all  the  characteristics  of  a  chancre. 

Bubo  most  commonly  occurs  during  the  second  or  third  week  after  the  first 
appearance  of  the  chancre,  bub  may  happen  at  an  earlier  or  at  a  later  period, 
even  after  the  chancre  itself  has  healed. 

A  rare  form  of  bubo  is  that  which  forms  within  the  abdomen  in  the 
lymphatic  glands  in  this  situation.  It  is  a  very  dangerous  variety,  and  may 
prove  fatal  by  rupture  into  the  peritoneum  and  consequent  peritonitis. 

Primary  Bubo. — The  French  Surgeons  have  described  a  form  of  bubo  Avhich 
they  call  bubon  d'emblee  ov primary  buho ;  this  is  said  to  occur  from  the  direct 
absorption  of  the  specific  poison,  without  the  previous  formation  of  a  chancre. 

Only  one  case  apparently  of  this  kind  has  fallen  under  my  observation. 
Until  that  occurred,  I  doubted  its  existence  ;  and  I  am  not  yet  fully  con- 
vinced that  this  suggested  mode  of  origin  is  the  true  one.  In  the  case 
referred  to,  a  young  man  applied  to  me  Avith  a  rather  large  abscess  in  the 
groin,  for  which  I  sent  him  into  the  Hospital.  On  being  questioned,  he 
denied  ever  having  had  any  venereal  disease,  though  he  admitted  having 
had  intercourse  with  a  woman  of  the  town.  On  examining  the  penis,  no 
chancre,  abrasion,  or  cicatrix  could  be  discerned.  The  abscess  was  opened, 
and  two  ounces  of  rather  bloody  and  very  thick  pus  were  let  out ;  no 
enlarged  glands  could  be  seen.  For  the  sake  of  experiment  the  pus  was 
inoculated  into  the  left  thigh,  and  two  distinct  and  well-marked  pustules 
were  produced.  That  such  au  elVect  can  be  obtained  by  matter  of  very 
irritating  character  without  any  venereal  origin,  is  shown  by  the  experi- 


1  I  I  2 


YEN  Eli  KA  L  DISEASES. 


raents  of  several  Siirf,^cons  who  ]iave  succeeded  in  inocnlatinfi:  matter  from 
itch  and  ecthymatoiis  pustules  ;  hence  it  must  not  be  concluded  in  this 
case  that  the  bubo  was  consequent  on  the  direct  absorption  of  venei-eal  matter 
along  the  lymphatics.  In  fact,  the  proof  of  the  existence  of  this  form  of 
bubo  is  far  from  satisfactory.  It  fre(|ueutly  hap]iens  that  small  excoriated 
chancres  heal  in  a  i&w  days,  before  which  time,  however,  the  inguinal 
glands  have  become  irritated  and  enlarged  ;  and,  as  the  enlargement  of  the 
glands  goes  on  after  the  healing  of  the  chanci'c,  a  l)ubo  may  be  formed  when 
all  trace  of  its  primary  source  has  entirely  disappeared. 

Creeping  Bubo.— In  some  cases  a  virulent  bubo,  as  has  been  well  shown  by 
Solly,  assumes  a  tendency  to  creep  or  spread  over  the  neighbouring  integument, 
extending  in  this  way  to  a  considerable  distance  down  the  thigh,  upon  the 
abdomen,  or  over  the  ilium.  This  crcppinij  hubo  is  characterized  by  the  peculiar 
semicircular  or  horse-shoe  shape  that  the  sore  assumes,  and  by  its  tendency  to 
cicatrize  by  one  margin,  whilst  it  slowly  extends  by  the  other  ;  the  cicatrix 
always  being  thin,  blue,  and  weak,  closely  resembling  that  of  a  burn. 

After  a  bubo  has  disappeared,  a  good  deal  of  induration  may  be  left  in  the 
glands  of  the  groin,  perhaps  with  matting  together  of  the  surrounding  areolai- 
tissue  ;  and  this  induration  may  continue  for  years,  or  even  for  the  remainder 
of  life. 

The  Treatment  of  bubo  consists,  in  the  first  instance,  in  endeavouring  to 
prevent  the  occurrence  of  suppuration  ;  and  should  pus  form,  in  letting  it  ont. 

The  Preve?iUve  Treatment  of  bubo  consists  in  perfect  rest  of  the  part,  and 
the  application  of  leeches  and  of  cold  lead  lotions.  In  reference  to  the  applica- 
tion of  leeches,  there  is  a  practical  point  that  requires  attention — viz.,  that 
the  leech-bites  may  become  infected  by  the  chancrous  pus,  and  thus  converted 
into  a  number  of  new  chancres.  This  accident  is  best  guarded  against  by 
covering  the  bites  with  collodion  and  plaster. 

If  there  be  much  pain,  and  if  the  skin  be  already  reddened,  hot  fomenta- 
tions, and  the  application  of  an  ointment  composed  of  equal  parts  of  extract 
of  belladonna  and  glycerine,  will  offer  the  best  chance  of  arresting  the  progress 
of  the  inflammation. 

If  the  bubo  be  indolent,  with  but  little  tendency  to  suppuration,  the  appli- 
cation of  blisters  or  tincture  of  iodine  may  be  of  service.  B.  Hill  states  that 
steady  pressure  by  means  of  a  pad  of  cotton-wool  and  an  elastic  bandage  may 
sometimes  produce  absorption.  The  application  of  lint  soaked  in  a  lead  lotion 
containing  about  two  drachms  of  the  solution  of  the  subacetate  and  one  ounce 
of  spirit  to  half  a  pint  of  water  has  been  said  to  favour  resolution. 

If  notwithstanding  our  endeavours  to  jircveut  suppuration,  matter  form 
within  or  around  the  gland,  as  evinced  by  the  swelling  becoming  soft,  boggy, 
and  inflamed,  a  free  opening  should  be  made.  Tin's  should,  as  a  rule,  be 
parallel  to  Poupart's  ligament,  but  if  a  vertical  incision  would  lay  the  cavity 
f)pen  more  perfectly,  there  is  nn  objection  to  ado]iting  it.  The  incision 
should  be  made  early,  before  the  surrounding  skin  has  been  undermined  and 
thinned.  If  this  should  have  happened  it  may  be  necessary  to  destroy  the 
thinned  skin  with  potassa  fusa,  or  to  cut  it  away  witli  scissors,  before  healing 
will  take  place. 

After  CTie  bubo  has  been  opened  it  should  be  dressed  from  the  bottom, 
cither  with  salicylic  or  iodoform  m'ooI  or  lint  soaked  in  carbolic  oil  (1  in  10), 
or  terebene  and  oil,  or  some  such  simple  application. 
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If  the  cavity  presents  a  chaucrous  appearance,  being  irregular  and  sloughy^ 
with  elevated  and  angry  red  edges,  it  should  be  treated  by  the  free  application 
of  iodoform  in  the  same  Avay  as  for  the  original  sore.  If  on  opening  the 
bubo  a  gland  can  be  seen  projecting  into  the  cavity,  attached  only  by  one  side 
to  the  wall  of  the  abscess,  this  is  best  scooped  out  either  with  the  thumb-nail 
or  the  handle  of  the  scalpel,  otherwise  it  is  apt  to  keep  up  the  suppuration  and 
delay  healing.  Sometimes,  even  after  the  bubo  has  been  opened,  the  pus  may 
burro^v  in  various  directions.  Such  cases  are  best  treated  by  laying  open  the 
sinuses  freely  to  the  very  end  with  a  probe-pointed  bistoury. 

Zeissl  opens  the  bubo  by  a  number  of  small  punctures  with  a  tenotomy 
knife,  after  which  lint  soaked  in  lead  lotion  (Liquor  Plumb.  Subacetatis,  Sss., 
Rectified  Spirit,  ^  j,  water,  to  0  (j),  may  be  kept  constantly  appKed.  By  this 
means  he  says  that  scarring  can  often  be  avoided. 

Should  sloughing  or  phagedfenic  ulceration  commence  in  an  open  bubo, 
extensive  destruction  of  tissue  may  ensue,  and  even  fatal  hemorrhage  from 
the  femoral  artery  has  been  known  to  occur.  The  sore  must  be  treated  in  the 
same  way  as  the  sloughing  or  phagedEenic  chancre.  The  application  of  nitric 
acid  is  occasionally  necessary.  If  there  be  any  signs  of  syphilis  the  cautious 
administration  of  mercury  may  be  required. 

During  the  treatment  of  a  suppurating  bubo  the  patient  should,  if  possible, 
be  kept  at  rest  till  the  sore  is  superficial  ;  movement  greatly  delays  healing. 

Venereal  Warts. — Warts  occur  frequently  round  or  on  the  scar  of  a 
chancre,  independently  of  any  constitutional  affection,  but  merely  from  simple 
continued  irritation  of  the  muco-cutaneous  surfaces.  They  differ  in  no  respect 
from  those  which  frequently  follow  gonorrhcca.  They  commonly  occur  on  the 
prepuce  or  glans,  and  are  especially  apt  to  be  situated  in  the  angle  between 
these  parts  ;  they  are  of  a  red  colour,  very  vascular,  and,  if  left  without  inter- 
ference, may  increase  immensely  in  size  and  number,  distending  the  prepuce, 
and  giving  a  clubbed  appearance  to  the  penis  ;  there  is  then  always  phimosis, 
and  the  tension  of  the  prepuce  may  be  such,  that  ulceration  may  take 
place  in  it,  allowing  a  protrusion  of  these  growths  through  an  aperture  in  its 
side.  These  warts  are  occasionally  met  with  on  the  labia,  forming  large, 
irregular,  cauliflower- looking  masses.  The  Treatment  consists  in  the  early 
stage  when  the  warts  are  small,  in  the  application  of  salicylic  collodion  (p.  1027), 
under  which  they  usually  quickly  disappear.  When  they  have  reached  a 
larger  size  the  prepuce  must  be  laid  open  unless  the  Avarts  are  so  small  that 
the  glans  can  be  readily  exposed  by  drawing  the  foreskin  back.  The  warts- 
may  then  lie  pared  off"  with  scissors,  and  the  part  from  which  they  gi-ow 
touched  with  nitrate  of  silver.  Even  after  this  they  are  very  apt  to  recur, 
especially  under  a  long,  moist  foreskin.  In  such  a  case  careful  attention  to 
cleanliness  and  the  use  of  salycilic  collodion  or  the  application  of  an  ointment 
composed  of  vaseline,  with  about  one  tenth  part  of  extract  of  belladonna  added 
to  it,  will  usually  cure  the  tendeucy  to  recurrence.  If  these  measures  fail 
circumcision  may  be  necessary.  In  women,  warts  must  be  treated  in  the  same 
way  ;  but  if  they  are  of  great  size,  Paquelin's  cautery  should  be  used  in  re- 
moving them,  to  avoid  loss  of  blood. 

ir.  -SYPHILIS. 

SypMlis  is  a  specific  disease,  or  general  infective  process,  resulting  from; 
the  inoculation  of  a  virus,  wliich  nnxltiplies  in  the  system  till  the  whole  body 
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IS  infected.  It  is  coramunicatud  by  tlie  direct  contact  of  the  blood,  secretions, 
or  discharges  of  a  person  suffering  from  sypliilis  with  an  abraded  surface  of  a 
healthy  individual,  and  under  certain  circumstances  it  is  also  transmitted 
from  syphilitic  parents  to  their  offspring.  It  is  therefore  contagious,  but  not 
infectious. 

The  exact  iiature  of  the  virus  is  not  known.  Klebs,  Birch-Hirschfeld,  and 
some  others,  have  described  a  special  7nicroscopic  organism  of  an  oval  form,  or 
nearly  approaching  a  short  rod  in  shape,  which  they  believe  to  be  in  some  way 
connected  with  syphilis.  Birch-Hirschfeld  observed  it  in  gummata,  and  in  a 
flat  condyloma,  but  failed  to  detect  it  in  the  blood  of  a  patient  suffering  from 
active  syphilis.  Lustgarten  has  described  a  bacillus  somewhat  resembhng 
that  of  tubercle  as  being  constantly  present  in  the  primary  and  secondary 
lesion  of  syphilis,  but  his  observations  have  not  yet  been  fully  confirmed. 
More  evidence  is  required  before  any  conclusions  for  or  against  the  fungoid 
origin  of  syphilis  can  be  dra^\^n  from  these  observations. 

Syphilis  is  divided  into  acquired  and  hereditary  or  congenital,  and  there  is 
sufficient  difference  between  these  two  forms  to  justify  their  being  described 
separately. 

Syphilis  runs  a  course  tolerably  definite  in  its  main  phenomena,  but  vary- 
ing in  duration  and  detail.  It  is  divided  into  various  stages,  which,  although 
perhaps  not  capable  in  all  cases  of  being  sharply  separated  from  each  other,  are 
sufficiently  distinct  to  be  used  as  a  means  of  classifying  the  manifestations  of 
the  disease. 

The  first  stage  is  the  period  of  incubation,  extending  ft-om  the  inoculation 
to  the  appearance  of  the  local  signs  of  the  disease  at  the  seat  of  infection. 

The  second,  or  Primary  Stage,  includes  the  appearance  of  the  characteristic 
initial  manifestation,  the  indurated  sore,  accompanied  by  indolent  enlargement 
of  the  nearest  group  of  lymphatic  glands. 

The  third  includes  the  period  during  which  the  so-called  Secondary 
Symptoms  make  their  appearance.  These  consist  of  more  or  less  synmietrical 
eruptions  on  the  skin  and  mucous  membranes,  ulceration  of  the  tonsils,  condy- 
lomata, periostitis,  iritis,  loss  of  hair,  &c. 

The  fourth  stage,  or  Tertiary  Syphilis,  includes  the  more  remote  effects 
of  the  disease,  such  as  the  formation  of  gmmnata,  deep  unsymmetrical  ulcera 
tion  of  the  skin  or  mucous  membranes,  and  various  deep-seated  visceral  affec- 
tions.   Only  a  comparatively  small  propoi-tion  of  those  infected  suffer  from 
tertiary  symptoms. 

Between  the  secondary  and  tertiary  stages  an  interval  of  perfect  health  may 
•intervene,  perhaps  interrupted  by  occasional  recurrences  of  the  secondary  symp- 
toms.   During  the  intervals  of  health,  the  syphilis  is  said  to  be  "  latent^ 

The  duration  of  these  various  stages  is  uncertain.  According  to 
Berkeley  Hill,  the  period  of  incubation  in  thirty-seven  trustworthy  cases  of 
experimental  inoculation  collected  from  various  sources,  varied  from  ten  to 
forty-six  days,  the  average  being  twenty-foui".  The  most  common  periods 
were  twenty-five  and  twenty-eight  days.  The  duration  of  the  primary  syniji- 
toms  de2;)ends  very  much  on  treatment,  but  it  seldom  extends  bcj'ond  a  month 
or  six  weeks.  The  secondary  symptoms  commence  from  two  to  three  months 
after  inoculation,  and  last  from  a  few  M-eeks  to  a  year.  The  period  of  devclo])- 
ment,  and  the  duration  of  the  tertiary  symptoms,  arc  too  indefinite  to  be  stated 
with  any  appi-oach  to  accuracy.    Symptoms  cla.ssed  as  tei'tiary  may  appear 


CONTAGION  OF  SYPHILIS. 


immediately  after  the  secondary  signs,  or  may  prove  fatal  after  many  years  of 
apparent  health. 

One  attack  of  syphilis  confers  upon  the  patient,  as  a  rule,  an  immunity  for 
the  future  from  the  primary  or  secondary  forms  of  the  disease.  Second  attacks 
are,  however,  not  unknown,  but  they  are  not  moi'e  fi-equent  than  in  small-pox 
or  measles.  When  the  j)atient  has  the  misfortune  to  suffer  a  second  time,  the 
symptoms  are  never  so  severe  as  in  the  first  attack. 

From  a  consideration  of  the  course  of  the  disease  as  above  described,  with  its 
periods  of  incubation,  and  of  invasion,  its  sequelae,  and  the  immunity  it  confers 
from  a  second  attack,  Jonathan  Hutchinson  long  ago  pointed  out  its  analogy 
to  the  specific  fevers.  He  regarded  the  disease  as  a  specific  fever  of  a  very 
chronic  nature  and  irregular  course.  As  at  the  present  time  the  acute  specific 
diseases  and  syphilis  are  equally  included  in  the  group  of  general  infective  pro- 
cesses, Hutchinson's  views  may  be  said  to  be  generally  accepted. 

Origin  of  Syphilis. — It  would  be  altogether  foreign  to  the  scope  of  this 
work  were  I  to  enter  into  the  very  curious  and  interesting  question  as  to  the 
origin  of  syphilis,  a  subject  that  admits  of  much  dispute,  and  which  has  been 
keenly  argued.  The  disease  first  attracted  public  attention  in  Europe  towards 
the  end  of  the  fifteenth  century,  in  consequence  of  a  virulent  outbreak  which 
occurred  amongst  the  troops  of  Charles  VIII.  of  France,  during  the  siege  of 
Naples  in  1494.  At  the  time  it  was  undoubtedly  considered  a  new  disease, 
and  many  of  the  wi-iters  of  the  period  believed  it  to  have  been  introduced  from 
the  newly-discovered  continent  of  America.  There  is,  however,  no  reliable 
evidence  to  support  this  theory.  A  careful  study  of  the  ancient  medical  writers 
has  led  many  authorities  to  the  belief  that  syphilis  existed  in  their  time,  though 
the  definite  relation  of  the  various  secondary  and  tertiary  phenomena  to  the 
primary  sore  was  not  recognized.  If  it  had  existed  j)reviously  to  the  great 
outbreak  in  Europe  in  1493  and  1494,  it  was  probable  that  it  was  in  a  mild  or 
modified  form,  different  from  what  we  now  observe,  and  that  about  that  time 
it  suddenly  assumed  greater  intensity,  all  its  symptoms  being  aggravated  in  a 
remarkable  manner,  and  presenting  characters  which  had  not  been  previously 
alluded  to,  but  which  have  often  been  reproduced  in  modern  times ;  as,  for 
instance,  in  those  severe  forms  that  were  observed  in  the  British  armies  during 
the  Peninsular  war,  and,  according  to  Larrey,  among  the  French  troops  during 
Napoleon's  German  campaigns. 

Contagion  of  Syphilis.— Syphilis  is  communicable,  1st,  by  the  direct 
inoculation  of  any  fluid  containing  the  specific  virus  ;  and  2ndly,  from  parents 
to  their  offspring. 

1.  Direct  Inoculation. — In  discussing  this  (piestion,  it  is  necessary  to 
consider  first  what  fluids  or  secretions  of  a  syphilitic  subject  contain  the  virus, 
and  secondly,  the  various  Avays  in  which  the  virus  may  be  communicated  fi-om 
one  individual  to  another. 

That  the  discharge  from  the  primary  sore,  whether  it  be  thick  and  purulent 
or  simply  serous,  is  inoculable,  is  too  well  known  to  require  further  notice. 

The  contagiousness  of  the  discharges  from  se(!ondary  syphilitic  sores  has  also 
been  demonstrated  by  numerous  experiments.  The  thin  secretion  from  mucous 
tubercles  of  the  vagina,  anus,  and  mouth,  has  frequently  been  shown  to  be 
capable  of  causing  infection.  The  blood  itself,  in  more  than  one  instance,  has 
been  inoculated  with  success.  Professor  Pelizzari,  of  Florence,  inoculated  a 
young  Surgeon,  Dr.  P,argioni,  on  the  (Jth  of  February,  18G0,  with  blood  taken 
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from  the  vein  of  u  woman  suffering  from  syphilitic  crnptions.  The  site  of  the 
inoculation,  which  was  carefully  protected  by  a  watch-glass  cover,  remained 
quiet  for  twellfcy-li^■e  days  ;  then  a  painile  developed,  which  in  forty-four  days 
became  an  ulcer  with  hard  base.  On  the  sixty-fifth  day  after  inoculation,  a 
roseola  broke  out  on  the  trunk. 

Some  uncertainty  still  exists  as  to  whether  the  natural  secretions  of  syphi- 
litic persons  are  contagious  of  themselves,  or  become  so  by  admixture  withtlie 
blood  or  the  discharge  of  local  syphilitic  affections.  The  saliva,  the  milk,  and 
the  semen  have  been  inoculated  on  healthy  individuals  with  almost  invariably 
negative  results.  So  far,  therefore,  it  may  be  said  to  be  proved  beyond  a 
doubt  that  the  dischai-ges  fi-om  all  secomlary  syphilitic  affections,  and  the 
blood  of  patients  suffering  from  active  syphilis,  contain  the  specific  virus,  but 
there  is  no  definite  evidence  to  show  that  the  secretions  of  apparently  healthy 
mucous  surfaces  or  glands  in  a  syphilitic  subject  are  capable  of  transmitting 
the  disease. 

The  actual  inoculation  of  the  virus  may  take  place  in  many  ways.  There 
is  no  reason  to  believe  that  it  can  enter  the  system  through  an  unbroken 
epithelial  surface.  On  the  other  hand,  it  readily  infects  any  surface  from 
which  the  epithelium  has  been  removed,  by  abrasion,  vesication,  or  ulceration. 
Wounds  or  punctures  are  also  readily  inoculated. 

Infection  naturally  takes  place  in  most  cases  during  coitus,  and  the  primary 
manifestation  is  usually  situated  in  those  parts  most  likely  to  suffer  from 
abrasion  during  the  act.  Whether  the  vaginal  mucus  of  a  syphilitic  woman 
is  capable  of  conveying  the  poison,  if  she  be  not  at  the  same  time  suffering 
from  primary  sores  or  mucous  tubercles,  is  uncertain. 

The  next  most  common  source  of  infection  is  the  secretion  of  the  mouth. 
As  before  stated,  the  saliva  alone  has  not  been  proved  to  be  capable  of  con- 
veying the  poison,  but  if  mingled  with  the  secretion  from  mucous  tubercles  or 
the  discharges  from  secondary  ulcerations  of  the  tongue  or  tonsils,  it  is  un- 
doubtedly infectious.  The  disease  is  then  most  commonly  communicated  by 
kissing,  and  the  primary  sore  appears  on  the  lip  or  cheek.  Authentic  cases 
are  also  on  record  in  which  the  infection  has  been  carried  by  drinking  vessels, 
spoons,  or  pipes,  and  in  one  case  the  primary  sore  appeared  on  the  knuckle  in 
a  cat  received,  whilst  striking  the  affected  person  on  the  mouth.  Infants 
suffering  from  inherited  syphilis  have  infected  their  M-et-nurses,  the  j^rimary 
manifestation  appearing  at  the  nipple.  This  point  is  one  of  very  great  import- 
ance, inasmuch  as  actions  for  damages  have  been  brought  by  women  \\\\o  have 
stated  that  they  have  become  diseased  from  the  child  that  they  have  nursed. 
There  are  so  many  cases  of  the  kind  recorded,  that  there  can  be  no  doubt  as 
to  the  possibility  of  the  occuri-ence.  Hunter  and  Ijawrcnce  related  cases  in 
which  an  infected  child  communicated  the  disease  to  several  nurses  in  succes- 
sion ;  in  Hunter's  cases  three  wet-nurses  were  successively  infected,  two  of 
whom  gave  the  disease  again  to  their  own  children.  The  disease  is  especially 
apt  to  be  communicated  in  this  way,  if  the  inirsc  have  any  crack  or  abrasion 
upon  her  nipple,  and  the  infant  sores  on  the  mouth.  Colics,  however,  who 
had  great  experience  in  syphih's,  states  that  the  disease  may  be  communicated 
to  the  nurse  from  an  infected  child  by  mere  contact,  without  excoriation ;  but 
"when  we  consider  that  a  period  of  three  weeks  or  more  may  intervene  between 
inoculation  and  the  appearance  of  any  sign  of  the  disease,  the  statement  must 
be  accepted  with  considerable  caution. 
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Whether  a  wet-nnrse  can  infect  the  child  she  suckles  through  the  medium 
of  the  milk  is  a  more  doubtful  question,  and  cannot  be  said  to  be  finally  deter- 
mined. Eicord  and  many  otliers  of  equal  authority  believe  it  to  be  possible, 
and  my  own  opinion  is  that  syphilis  has  been  transmitted  in  this  way,  though 
very  rarely.  In  Rajikmifs  Abstract,  vol.  iv.,  a  number  of  cases  are  recorded 
in  proof  of  its  occurrence. 

Primary  sores  on  the  finger  are  unfortunately  by  no  means  uncommon 
amongst  Surgeons  and  accoucheurs,  who  become  infected  whilst  dressing 
syphilitic  sores  or  attending  diseased  women  in  labour.  "Washerwomen  are 
said  to  have  been  infected  in  the  hands  by  washing  linen  soiled  by  the  dis- 
charges from  ^•enereal  sores. 

The  transmission  of  the  disease  by  vaccination  with  lymph  taken  fr(m  a 
child  suffering  from  congenital  syphiHs  was  until  comparatively  recently  denied 
by  most  authorities.   It  has  now,  however,  been  placed  beyond  a  doubt  that  the 
disease  can  be  thus  communicated.    One  of  the  most  unquestionable  of  these 
accidents  is  that  which  occurred  in  the  Sub-Apennine  valley  of  Rivalta  in  Pied- 
mont, in  1861.    Dr.  Pacchiotti,  of  Turin,  Avho  was  employed  by  the  Italian 
government  to  report  on  the  attack,  has  published  an  account  of  it.  The 
facts  are  shortly  these.    In  May,  1801,  an  apparently  healthy  child,  named 
Chiabrera,  was  A^accinated  at  Rivalta  with  lymph  sent  from  Acqui  for  the 
purpose.    Ten  days  after  this  vaccination — on  June  7th — forty-six  healthy 
children  were  vaccinated  at  one  sitting  from  this  child.    Again,  on  the  12th 
June,  seventeen  other  healthy  children  were  vaccinated  from  one  of  the  forty- 
six.    Thirty-nine  of  the  first  series  of  forty-six,  and  seven  of  the  second  series 
of  seventeen,  received  syphilis  with  the  vaccine  disease,  making  a  total  of 
forty-six  out  of  sixty-thi'ee  children  simultaneously  inoculated  with  syphilis 
in  a  mountain  village.    Some  months  elapsed  before  the  vaccination  was 
suspected  to  have  been  the  source  of  the  children's  bad  health.    By  the  7th 
October,  when  attention  was  drawn  to  this  spreading  disease,  six  of  tlie  forty- 
six  syphilized  children  had  died  without  receiving  any  treatment,  fourteen 
were  recovering,  and  three  were  in  a  precarious  condition.   Twenty-three  were 
dispersed  through  the  country,  and  their  condition  was  unknown  until  further 
researches  traced  them  out.    In  addition  to  the  children,  twenty  women 
suckling  them  were  inoculated  with  syphilis  from  the  children  ;  through  the 
mothers,  the  disease  had  reached  some  of  the  husbands  and  eveiv  the  elder 
children  of  the  different  families.    The  history  of  this  outbreak  of  vaccino- 
syphilis  shows  that  the  disease  appears  in  only  a  certain  proportion  of  those 
inoculated  with  the  lymph.    It  has  been  attempted  to  explain  this  by  sup- 
posing that  syphilis  is  only  spread  when  blood  is  mixed  with  the  lymph,  and 
that  pure  lymph  will  not  spread  syphilis  even  when  taken  from  a  syphilitic 
child.    The  evidence,  however,  at  the  present  time  is  not  suflicient  to  prove 
this  definitively,  but  it  is  enough  to  impress  upon  every  vaccinator  the  necessity 
of  not  only  carefully  examining  every  vaccinifer  for  sjqjhilis,  but  also  of 
obtaining  the  lymph  free  from  contamination  with  blood,  even  when  taken 
from  an  apparently  healthy  child. 

Syphihs  has  been  transmitted  in  one  well  authenticated  case  (see  p.  267) 
by  slun-grafling .  In  this  operation  the  grafts  are  cut  of  sufficient  thickness 
just  to  draw  blood,  so  that  there  is  no  difficulty  in  understanding  how  the 
poison  may  be  conveyed  from  one  person  to  another. 

2.  Transmission  of  Syphilis  from  Parent  to  Offspring. — Tlie  mode  of 
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communication  of  syphilis  to  the  ovum,  or  to  the  foetus  in  utero,  is  an  investi 
gation  that  has  much  occupied  the  attention  of  Surgeons,  and  is  of  consider- 
able practical  mterest.  It  has  been  considered  probable,  that  the  poison 
may  be  communicated  to  the  embryo  in  at  least  four  ways  :  viz.,  1  the 
father  may  have  a  constitutional  taint  of  which  he  has  been  imperfectly 
cured,  and,  without  communicating  any  syphilitic  disease  to  his  wife,  may  be 
the  parent  of  an  offspring  that  exhibits  indications  of  being  infected  ;  or,  2, 
the  mother,  having  a  similar  constitutional  disease,  may  in  like  manner  taint 
her  own  offspring  ;  or,  3,  the  diseased  child  may  be  born  of  parents,  both  of 
whom  are  constitutionally  infected  ;  or,  4,  the  mother  may  become  pregnant 
with  a  healthy  embryo,  but,  afterwards  contracting  svphilis,  may  transmit  it 
to  her  offspring. 

There  are  very  good  reasons  for  believing  that  the  disease  does  not  pass 
from  the  father  to  the  child  without  also  imphcating  the  mother.  In  the  fii-st 
place,  this  faculty  is  shared  by  no  other  contagious  disease.  No  father  can  give 
his  offspring  small-pox,  though  the  mother  frequently  communicates  that 
disease  to  her  foetus.  In  the  next  place,  it  is  well  known,  as  CoUes  of  Dublin 
long  ago  pointed  out,  that  a  congenitally  syphilitic  child  never  locally  infects 
Its  mother,  though  it  will  transmit  its  disease  readily  to  a  wet-nurse  ;  this 
apparent  exemption  of  the  mother  being  due  to  the  fact  that  she  has' been 
already  infected.  Again,  the  symptoms  of  syphilis  are  often  exceedingly  mild 
m  women,  and  are  constantly"  overlooked.  Hence,  in  the  present  state  of  our 
knowledge,  it  is  safer  to  conclude  that  the  father  infects  the  mother,  and  that 
she  transmits  her  disease  to  the  offspring. 

Ricord,  however,  states  that  a  mother,  pregnant  with  a  syphilitic  foetus,  the 
offspring  of  a  father  labouring  under  constitutional  disease,  can  be  infected 
through  it  without  herself  having  had  primary  sj^hilis  :  and  Jonathan 
Hutchinson  has  advanced  a  considerable  amount  of  evidence  in  support  of 
this  doctrine,  which,  nevertheless,  fails  to  carry  conviction  to  mv  mind  that 
such  communication  ever  takes  place. 

Duration  of  Transmissive  Power  in  the  Parents.— This  question  is 
one  of  great  importance  as  bearing  on  the  question  of  marriage  of  persons 
who  have  suffered  from  syphilis.    There  can  be  no  doubt  that  the  power  to 
transmit  the  disease  lasts  during  the  whole  time  that  the  secondary  manifesta- 
tions are  present.    There  is  equally  strong  evidence  for  belie-^nng  that  during 
the  tertiary  stage  the  parent  does  not  infect  his  offspring.    I  know  instances 
of  men  who  had  contracted  syphilis  before  marriage,  and  had  been  imperfectly 
cured,  and  had  for  many  years  (ten,  fifteen,  or  even  twenty)  occasionally 
suffered  from  outbreaks  of  cutaneous  syphilides,  gummata,  and  other  varieties 
of  the  advanced  form  of  the  disease,  and  yet  have  been  the  parents  of  per- 
fectly healthy  children,  and  have  never  infected  their  wives.    Cases  hare,, 
however,  been  recorded  in  which  the  wife  and  her  offspring  have  been  affected 
after  very  long  periods,  extending  even  to  ten  or  twelve  years,  even  when  no 
evident  signs  of  the  disease  were  present  in  the  ])arcnts  ;  and,  on  the  other 
hand,  marriage  two  years  after  infection  has  frequently  been  followed  by 
the  production  of  healthy  children.    When,  therefore,  the  question  is  i)ut  to 
the  Surgeon,  when  may  a  patient  marry  who  has  suffered  from  constitutional 
syphilis,  it  is  by  no  means  always  easy  to  give  a  direct  and  immediate  answer. 
In  answering,  the  Surgeon  must  be  very  cautious ;  he  must  bear  in  mind  that 
the  health  and  happiness  of  a  woman  and  the  future  of  a  family  are  ofteu 
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dependent  on  his  reply  ;  and  that,  should  he  give  his  consent  to  the  union 
and  evil  consequences  follow,  the  whole  responsibility  will  be  thrown  upon 
him.  It  may  be  generally  stated  in  the  first  place,  that  if  any  of  the  local 
symptoms  of  syphilis  are  developing  themselves,  the  affected  person  should 
not  marry,  whatever  time  has  elapsed  since  the  commencement  of  the  attack. 
As  a  general  rule,  even  if  all  local  symptoms  have  disappeared,  it  is  advisable 
not  to  marry  till  three  years  after  the  commencement  of  the  disease.  If, 
however,  there  are  reasons  which  make  it  difficult  to  delay  so  long,  the 
Siu'geon  may  give  his  consent  to  the  patient's  marrying  at  two  years  after  the 
time  of  infection,  provided  he  have  shown  no  distinct  symptoms  of  active 
syphilis  in  the  preceding  twelve  months.  Marriage  under  two  years  is  most 
frequently  followed  by  the  production  of  diseased  children,  and  should  never 
be  consented  to  unless  the  attack  has  been  of  a  very  slight  character  and  no 
symptoms  have  been  observed  for  a  year. 

Progress  of  Acquired  Syphilis.  First  Stage.  Period  of  Incuba- 
tion.— -The  eflfects  of  contagion  are  not  immediately  manifested.  The 
time  that  intervenes  between  inoculation  and  activity  of  the  poison  is  called 
the  incubation  period.  It  may  be  occupied  in  three  ways.  If  the  vehicle 
containing  the  virus  be  of  a  non-irritating  character,  the  broken  surface  heals, 
and  all  trace  of  the  inoculation  disappears  until  the  incubation  is  completed ; 
or,  as  the  vehicle  of  the  virus  is  often  pus  or  discharge  of  an  irritating  kind, 
it  may  cause  immediate  inflammation  at  the  point  of  inoculation.  This 
irritation  subsides  in  a  short  time,  and  the  part  then  remains  quiet  until  the 
incubation  is  complete,  when  the  syphilitic  poison  betrays  its  presence  bj 
characteristic  phenomena.  An  experiment  of  Vidal's  illustrates  this  :  he 
inoculated  the  matter  of  a  pustular  syphilitic  eruption  on  the  arm  of  a  medical 
student,  which  produced  a  pustule  in  a  couple  of  days  ;  this  healed  over  in 
about  a  fortnight,  and  the  experiment  w'as  supposed  to  have  failed  until  the 
thirty-fifth  day ;  a  papule  then  developed,  which  subsequently  ulcerated,  and 
general  syphilis  followed  in  due  course.  If  the  syphilitic  virus  be  carried  in 
the  pus  of  a  local  contagious  chancre,  the  tune  of  incubation  is  often  occupied 
by  the  course  of  a  chancre,  which  may  or  may  not  have  healed  over  when  the 
syphilitic  poison  produces  its  characteristic  effect.  This  series  of  events,  first 
a  suppurating  contagious  sore,  and  then  induration  forming  in  the  base  of 
the  sore,  or  in  its  scar  if  the  sore  have  already  healed,  is  perhaps  almost  as 
common  as  the  inoculation  of  syphilis  unaccompanied  by  immediate  local 
irritation ;  but  the  two  morbid  processes  have  no  connection  with  each  other, 
and  are  only  accidentally  co-existent. 

The  length  of  this  time  of  inactivity  varies  in  different  persons ;  it  is 
commonly  twenty-five  days.  The  shortest  known  period  before  the  poisori 
began  to  reveal  its  presence  has  been  ten  days,  and  the  longest  forty-six  days. 
The  most  important  question  with  regard  to  this  stage  of  the  disease  is,  how 
long  docs  the  poison  remain  localized  at  the  seat  of  inoculation  before  entering 
the  circulation  ?  No  certain  answer  can  be  given  to  this  question,  but  it  is 
probable  that  the  period  between  inoculation  and  general  infection  is  very 
short.  Berkeley  Hill  records  a  case  in  which  he  freely  destroyed  the  surface- 
of  the  wound  left  by  a  rupture  of  the  fra^n  lun  about  twelve  hours  after  infection, 
but  in  spite  of  this  general  syphilis  followed.  Ricord,  who  at  one  time  believed 
that  destruction  of  the  seat  of  inoculation  within  five  days  would  prevent  the 
general  disease,  afterwards  completely  abandoned  this  view,  and  came  to  the 
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conclusion  that  destruction  of  tlie  seat  of  infection  is  useless.  ICxperiments  on 
the  inoculation  of  vaccine  lymph  on  the  human  sul)ject,  and  the  virus  of 
glanders  on  horses,  have  shown  that  the  time  that  elapses  between  the  local 
introduction  of  the  virus  and  its  entrance  into  the  circulation  is  very  short. 
In  glanders,  the  excision  of  the  seat  of  inoculation  one  minute  after  the  poison 
-was  inserted,  failed  to  arrest  the  development  of  the  disease.  Those  cases, 
therefore,  in  which  general  syphilis  is  reported  to  ha\'e  been  cured  by  excision 
of  the  primary  sore,  cannot  be  accepted  without  further  evidence. 

Second  Stage.  Appearance  of  the  Initial  Manifestation  or 
Primary  Sore. — -When  the  period  of  incubation  is  past,  a  peculiar  chronic 
inflammatory  process,  accompanied  by  the  growth  of  new  tissue,  takes  place 
in  the  seat  of  inoculation  beneath  the  epithelium,  if  that  be  intact,  or  in  the 
tissues  forming  the  base  of  the  ulcer,  if  the  inoculation  has  been  immediatelv 
followed  by  the  formation  of  a  sore  consequent  upon  the  simultaneous  in- 
troduction of  the  poison  of  the  non-infecting  chancre  or  other  irritating 
matter.  Should  such  a  sore  have  healed,  the  new  growth  commences  in  the 
scar.  The  new  tissue  may  be  of  ahnost  cartilaginous  hardness.  ]\Iicroscopic 
•examination  shows  it  to  be  formed  by  an  infiltration  of  the  connective  tissue 
■with  small  round  cells.  AVith  these  larger  cells  containing  a  single  nucleus 
•are  found,  and  not  uncommonly  multinuclear  cells  of  considerable  size  are 
met  with.  These  differ  from  the  giant-cells  of  tubercle  in  beiug  smaller  and 
more  regular  in  outline.  It  is  the  formation  of  this  growth  that  forms  the 
most  distinctive  features  of  the  true  syphilitic  sore.  The  simple  chancre  is 
formed  by  a  true  process  of  ulceration.  There  is  destruction  of  tissue  from  the 
first,  and  such  apparent  increase  as  there  may  be  results  merely  from  in- 
flammatory exudation,  and  the  cells  infiltrating  the  tissues  are  apparently  all 
migrated  white  corpuscles,  and  show  no  signs  of  higher  development.  In  the 
initial  manifestation  of  syphilis,  in  addition  to  the  small  round  cells,  larger 
•cells  evidently  undergoing  development  are  met  with.  In  the  simple  chancre 
ithere  is  from  the  first  evident  loss  of  substance  ;  in  the  hard  sore  there  may 
he  distinct  increase  of  tissue  even  when  ulceration  is  taking  place.  The  new 
growth  in  the  initial  manifestation  of  syphilis  is  imperfectly  vascularized. 
The  walls  of  the  small  arteries  and  veins  in  the  infected  tissue  are  sometimes 
found  to  be  thickened,  and  the  lumen  obstructed  by  a  growth  from  the  en- 
dothelium. Consequently  the  indurated  tissue  tends  readily  to  degenerate  and 
break  down. 

Clinically  the  initial  manifestation  assumes  two  forms, — the  desquamating 
papule,  and  the  indurated  chanci'e. 

The  desquamating  papule  appears  at  the  point  of  inoculation  as  au  elevated 
hard  dark-red  or  copper-coloured  spot  distinctly  elevated  above  the  surface, 
with  sHght  desquamation  of  the  epithelium  covering  it.  At  first  it  is  very 
small,  but  may  gradually  extend  till  it  reaches  half  an  inch  in  diameter.  It 
is  dense  and  hard,  its  edges  are  sharply  defined  ;  it  is  practically  painless, 
causing  at  most  a  slight  itching.  It  occurs  most  frequently  where  it  is  little 
exposed  to  friction  or  to  the  irritation  of  accumulated  secretions.  If  irritated 
in  any  way  it  readily  ulcerates  and  then  becomes  an  indurated  chancre.  In 
fact  it  rarely  remains  as  a  papule  to  the  end.  From  its  painless  nature,  if 
ulceration  does  not  occur,  it  may  inn  its  course  and  subside  without  attracting 
.'the  attention  of  the  patient. 

The  Indurated  or  Hunterian  Chancre  connnenccs  as  a  papule,  or  may 
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l)eo-in  as  an  apparently  simple  sore  which  becomes  indurated  when  the  period 
of  Incubation  is  past.  It  assumes  two  forms  dependent  on  the  amount  of  the 
surrounding  induration.  In  one  form  the  sore  is  superficial,  and  the  hardness, 
which  is  clearly  defined,  extends  but  little  beyond  it.  In  this  variety,  the  sore 
is  the  most  prominent  feature,  and  the  induration  may  even  be  difficult  to 
detect,  sometimes  assuming  the  form  described  by  Eicord  as  "  parchment  in- 
dm-ation."  The  discharge,  if  the  sore  be  kept  clean  and  free  from  initation,  is 
merely  serous,  and  under  the  microscope  shows  granular  dehris  with  a  few 
epithelium  scales.  If  the  surface  be  irritated  by  dirt,  or  by  any  substance  used 
as  a  dressing,  it  rapidly  becomes  purulent.  The  extension  of  the  ulceration  is 
slow  and  painless.  The  superficial  sore  forms  the  most  common  variety  of  the 
initial  manifestation.  It  occurs  usually  on  moist  surfaces  as  the  glans  or 
inside  of  the  prepuce  in  the  male,  or  labia  in  the  female. 

The  second  form  of  indurated  sore  is  that  most  properly  described  as  the 
"  true  Hunterian  chancre."  It  is  surrounded  by  a  dense  mass  of  induration 
extending  deeply  into  the  tissues.  It  is  considerably  elevated  above  the  sur- 
rounding^parts,  and  the  surface  is  often  slightly  cup-shaped.  Grasped  between 
the  fingers  it  feels  almost  like  a  piece  of  cartilage,  the  limits  of  the  induration 
being  clearly  and  shai^Dly  defined,  and  the  surrounding  tissues  free  from  in- 
flammation. It  is  usually  painless,  and  its  surface  is  often  almost  dry,  there 
being  merely  a  very  slight  serous  discharge.  It  is  most  common  on  the  glans 
or  on  the  corona.  Every  modification  may  be  met  with  between  these  two 
forms  of  the  indurated  sore.  It  has  been  maintained  by  Surgeons  of  great 
authority  that  induration  at  the  site  of  inoculation  may  occasionally  be  absent. 
It  is  certainly  in  some  rare  cases  so  slight  that  it  is  detected  with  difficulty, 
but  it  is  doubtful  if  it  is  ever  wholly  wanting. 

As  soon  as  the  primary  sore  makes  its  appearance,  the  patient  acquires 
an  immunity  from  re-inoculation  of  the  poison,  the  discharge  from  an 
indurated  sore  not  being  inoculable  on  the  patient  himself  under  ordinary 
circumstances.  If,  however,  the  surface  be  irritated  mechanically,  by 
the  appUcation  of  irritating  dressings,  or  from  want  of  cleanliness  to 
such  an  extent  that  the  discharge  becomes  purulent,  it  will  then  as  a 
rule  become  auto-inoculable,  the  resulting  sore  resembling  a  soft  chancre 
in  appearance,  and  not  presenting  the  characteristic  features  of  the  hard 
chancre.  The  non-inoculability  of  the  discharge  from  an  inflamed  hard  sore 
has  been  used  as  a  means  of  diagnosis  between  the  hard  and  soft  chancre,  but 
in  cases  in  which  doubt  existed  the  sore  would  probably  be  suppurating  from 
irritation,  and  consequently  an  error  might  easily  arise. 

NumlDer.— The  primary  syphilitic  sore  is  almost  invariably  single.  This 
fact  is  readily  explained  by  its  non-inoculability  on  the  patient  himself.  Arthur 
(Jooper  states  that  of  103  cases  of  early  syphilis  admitted  into  the  Male  Lock 
Hospital,  in  91  there  was  only  one  initial  lesion,  7  had  two  sores,  and  5  had 
more  than  two.  The  indurated  primary  ulcers  of  syphihs  are  most  frequent 
on  the  genitals,  but  not  so  exclusively  limited  to  those  parts  as  are  local 
venereal  sores,  because  syphilis  is  communicated  in  various  ways  besides 
sexual  intercourse.  They  may  appear  on  any  part  of  the  body.  Fournier 
found  that,  of  472  cases  of  inoculation  in  men,  314  were  on  the  prepuce  and 
glans  penis,  109  on  other  parts  of  the  male  organ,  12  only  on  the  mouth,  6  on 
the  hands  and  fingers,  and  a  few  on  the  eyelids,  tonsil,  and  navel. 

The  Urethral  Chancre  is  usually  situated  just  within  the  orifice  of  the 
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canal,  and  may  be  seen  on  pressinj^-  open  its  lips,  in  the  form  of  a  small  sore 
which  occasionally  creeps  out  upon  the  glans.  Sometimes  it  is  more  deeply 
seated,  so  as  to  bo  out  ofsig-ht ;  wlicn  this  is  the  case,  a  discharge,  occasionally 
tinged  with  blood,  appears  in  small  quantities  from  the  uretlira  ;  at  a  little 
distance  up  the  canal  there  will  usually  be  felt,  on  grasping  the  organ, 
a  circumscribed  indurated  spot,  which  is  somewhat  painful  on  pressure 
and  after  micturition.  It  is  the  presence  of  chancres  in  this  canal  that 
formerly  led  to  the  supposition  of  the  identity  of  syphilis  and  gonorrhoea, 
an  error  which  was  disproved  by  the  test  of  inoculation  ;  the  discharge  from' 
urethral  chancre  producing  the  typical  sore,  that  fi-om  gonorrhea  giving  no 
result  when  introduced  into  the  skin.  The  existence  of  chancre  within  the 
urethra  may  be  suspected  if  the  urethral  discharge  be  smaU  in  quantity, 
serous  in  character,  and  tinged  with  blood.  The  chancre  may  be  detected  by 
everting  the  edges  of  the  urethra,  or,  if  situated  too  high  up  the  canal  to  be 
seen  without  the  help  of  the  endoscope,  by  being  felt  hard  and  nodulated 
through  its  coats. 

In  some  cases  of  disgusting  depravity  chancres  are  met  with  at  the  margin 
of  the  anus.    In  this  situation  they  present  nothing  peculiar 

In  women  chancres  are  very  rare  on  the  vaginal  wall ;  about  fom-  per  cent, 
are  said  to  occur  on  the  cervix  uteri,  and  the  remainder  on  the  external  om-ans 
of  generation.  ° 

Labial  and  Facial  Chancres  are  by  no  means  uncommon,  being  most 
frequently  the  result  of  the  inoculation  of  some  small  crack  on  the  lip  or  ex- 
coriation of  the  skin  of  the  face  with  the  discharge  from  mucous  tubercles  in 
the  mouth  of  an  infected  person.    Chancres  on  the  lip  may  possibly  result 
also  from  drinking  or  using  a  spoon  after  a  syphilized  person,  or  smoking  the 
same  pipe.    These  sores  are  often  very  deceptive,  the  raised  and  indurated 
base  causing  them  closely  to  resemble  epithelioma.    They  frequently  show  a 
tendency  to  the  formation  of  a  soft  fungating  growth,  all  induration  being 
absent.    In  a  case  of  chancre  of  the  cheek  lately  admitted  into  University 
College  Hospital,  the  sore  was  as  large  as  half-a-crown,  and  raised  abruptly 
above  the  suiTounding  skin  for  about  a  quarter  of  an  inch.    It  was  scarcely 
indurated,  and  the  discharge  was  serous  and  bloody,  mixed  with  a  little  pus. 
The  surface  had  a  great  tendency  to  become  covered  with  scab.    In  other 
cases  the  induration  may  be  of  the  same  character  as  in  the  Hunterian  sore  on 
the  penis.    The  diagnosis  can  usually  be  made  by  atention  to  the  foul  surface, 
hard  base,  and  persistent  character  of  the  sore,  and  by  the  invariable  presence 
of  indolent  enlargement  of  the  nearest  lymphatic  glands  commencing  at  the 
same  time  as  the  appearance  of  the  sore  or  at  most  a  few  days  later.  Later 
on,  the  appearance  of  skin  eruptions  will  make  the  nature  of  the  case  evident. 
From  cancer,  labial  chancre  can  usually  be  distinguished  by  the  age  and  sex  of 
the  patient,  as  it  is  most  commonly  met  with  in  girls  and  young  women  who 
have  not  reached  the  age  for  cancer  ;  indeed,  in  women  at  any  period  of 
life  cancer  of  the  lip  is  extremely  rare.    Chancres  have  been  met  with  even 
on  the  tongue  and  tonsil. 

I  would  especially  caution  the  Surgeon  not  to  be  misled  in  his  diagnosis  by 
the  modest  look  or  the  respectable  station  in  life  of  the  infected  woman.  In 
this,  as  in  all  other  cases  of  venereal  disease,  he  must  make  an  independent 
diagnosis  without  regard  to  social  considerations  or  to  the  statement,  often 
purposely  misleading,  made  by  the  patient. 
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Sypliilis  uofc  unfrequently  occurs  amongst  Surgeons  and  accoucheurs  as  a 
consequence  of  inoculation  on  tlie  fingers,  during  the  dressing  of  a  venereal 
sore  or  the  delivery  of  a  diseased  woman  ;  and  is  occasionally  met  with  also 
amo'no-  non-professional  persons.  It  usually  appears  as  a  small  sore  by  the  side 
of  the\ail  and  under  its  matrix,  with  much  swelling,  redness,  and  pam  m  the 
fmoer  which  becomes  bulbous  :  indolent  swelling  of  the  axillary  glands  soon 
follows  If  the  nature  of  the  disease  be  not  recognized,  the  ulceration  will 
creep  round  the  tip  of  the  finger,  have  a  foul  and  sloughy  look,  with  exquisite 
tenderness,  and,  resisting  all  ordinary  treatment,  may  be  set  down  as  laabg- 
nant  •  on  which  supposition  amputation  of  the  finger  has  been  proposed  and 
practised  I  have  seen  at  least  four  cases  in  which  this  extreme  measure  has 
been  proposed,  but  in  which,  by  a  timely  discovery  of  the  true  nature  of  the 
affection,  the  finger  was  saved. 

Variations  in  the  Sore  as  the  result  of  Irritation.— As  the  result  of 
irritation,  the  normal  serous  discharge  of  a  hard  chancre  becomes  purulent. 
If  the  irritation  be  more  severe,  and  especially  if  ineflScient  caustics,  as  nitrate 
of  silver,  have  been  appHed,  the  surrounding  tissues  become  infiltrated  and 
swoUen  so  as  to  obscm-e  the  characteristic  sharply  defined  edge  of  the  indura- 
tion. In  such  cases  it  is  often  impossible  to  make  a  diagnosis  until  the 
inflammation  has  been  subdued  by  proper  treatment. 

Hard  sores  rarely  if  ever  assume  a  sloughing  form.  Phagedenic  ulceration 
is,  however,  not  uncommon  (see  p.  1104). 

Prognosis  from  the  Appearance  of  the  Primary  Sore.— Every  patient 
who  has  the  initial  manifestation  is  already  suffering  from  constitutional 
syphilis,  and  nothing  can  prevent  the  development  of  secondary  symptoms. 
These  may  be  so  slight  as  to  be  scarcely  noticeable,  or  so  severe  as  to  endanger 
life.  Much  induration  is  often  thought  to  precede  a  severe  course  of  syphilis, 
and  possibly  this  may  be  true  ;  but  the  most  severe  symptoms  have  also 
followed  small  superficial  sores,  so  that  it  is  not  safe  to  draw  any  conclusion 
from  the  appearance  of  the  initial  manifestation. 

Course  of  the  Indurated  Sore.— If  unmodified  by  treatment,  the  initial 
manifestation  tends  slowly  to  disappear,  the  surrounding  induration  melting 
away  and  the  sore  healing,  a  scar  being  left  behind,  which  is  more  or  less 
marked,  according  to  the  extent  and  depth  of  the  ulceration  that  has  accom- 
panied the  process.  The  simple  desquamating  papule  may  leave  no  recog- 
nizable scar.  The  length  of  time  which  may  elapse  before  spontaneous 
disappearance  of  the  induration  takes  place  is  uncertain,  but  it  is  rarely,  if 
ever,  under  tAvo  months. 

Indolent  Enlargement  of  the  Lymphatic  Glands. — The  so-called 
indolent  lubo  is  the  next  change  to  follow  induration  at  the  seat  of  inoculation. 
The  time  at  which  this  follows  the  appearance  of  the  initial  manifestation  is 
variously  stated  at  from  seven  to  eleven  days.  Most  commonly  the  glands 
are  found  already  enlarged  when  the  patient  first  presents  himself,  and  form  a 
most  important  element  in  the  diagnosis.  One  gland  enlarges  first  and  several 
follow ;  the  glands  are  painless,  or  only  very  slightly  tender,  and  the  hardness 
is  such  that  they  are  often  described  as  feeling  hke  bullets.  The  skin  over 
them  is  unaltered,  and  the  individual  glands  can  be  clearly  distinguished, 
even  when  they  form  together  a  considerable  mass,  there  being  no  doughy 
swelling  about  them  as  in  the  acute  suppurating  bubo.  In  rare  cases,  if 
the  sore  be  in-itated  so  that  it  is  suppurating  freely,  or  if  the  patient  has 
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unwisely  taken  violent  exercise,  as  dancing,  riding,  and  the  like,  suppura- 
tion may  follow,  and  an  abscess  form  around  the  glandfi.  The  pus,  how- 
ever, from  such  an  abscess  is  never  auto-inoculable  like  that  from  the  virulent 
bubo  following  a  soft  chancre.  If  the  point  of  contagion  be  situated  near 
the  middle  line,  at  the  frajnum  for  instance,  the  glands  in  both  groins  are 
often  enlarged. 


SECOHDAKY  AND  TERTIARY  CONSTITUTIONAL  MANIFESTATIONS  OP  SYPHILIS. 

In  describing  the  constitutional  manifestations  of  syphilis  it  will  be  most 
convenient  to  give  first  an  outline  of  the  general  pathology  and  the  ordinary 
course  of  the  disease  and  its  treatment,  and  subsequently  to  consider  more  in 
detail  the  special  syphilitic  aflPections  of  the  various  textures  and  organs. 

General  Pathology  and  Progress  of  Syphills.— After  the  appearance 
of  the  initial  manifestation  there  is  usually  an  interval  of  from  five  to  seven 
weeks  before  any  further  characteristic  symptoms  are  developed.  This  has 
been  termed  "  the  period  of  second  incubation."  During  this  time  there  is  in 
most  cases  some  disturbance  of  health  ;  the  patient  becomes  pale,  and  suffers 
fi-om  malaise  or  a  general  sense  of  indisposition,  often  with  some  loss  of 
flesh.  ISTeuralgic  pains  in  the  head  and  other  parts  of  the  body  are  common. 
Sometimes  there  is  distinct  but  slight  febrile  disturbance  just  before  the 
cutaneous  eruptions  make  their  appearance,  but  this  is  seldom  sufficiently 
marked  to  attract  attention. 

At  the  end  of  this  period,  often  before  the  primary  sore  is  healed,  the 
secondary  manifestations  of  the  disease  make  their  appearance.  These  consist 
of  various  superficial  affections  of  the  skin  and  mucous  membranes,  usually 
appearing  more  or  less  symmetrically.  In  the  skin  the  early  syphilitic 
eraptions  or  syphilides  present  the  following  gradations.  In  the  simplest 
form  there  is  hypereemia  of  the  papilla  in  localized  spots  with  some  retarda- 
tion of  the  blood-stream.  We  consequently  get  a  red  patch  of  a  somewhat 
dusky  colour  not  perceptibly  elevated  above  the  surface.  On  pressing  on  the 
discoloured  area  the  red  tint  disappears,  and  a  faint  brownish  or  copper-coloured 
stain  is  left  behind.  This  is  presumably  due  to  staining  of  the  tissues  by  the 
pigment  from  a  few  corpuscles  which  have  escaped  from  the  distended  vessels. 
This  form  of  eruption  is  described  as  macular  sypMlide  or  syphilitic  roseola. 
It  is  the  most  common  and  the  earliest  of  all  the  cutaneous  aff'ectious.  It 
occurs  also  on  mucous  membranes,  and  is  usually  of  short  duration. 

If  the  hyperasmia  continues  for  a  longer  time,  the  papillae  become  swollen 
and  an  increased  growth  of  epithelium  takes  place  on  their  surface.  There  is 
thus  formed  a  red  patch,  slightly  elevated  and  covered  with  a  branny  or  scaly 
layer  of  desquamating  epithelium.  This  is  the  squamous  syphilids  or  syphilitic 
psoriasis,  a  common  early  syphilitic  eruption.  If  the  eruption  occurs  in  a 
moist  place,  as  in  the  neighbourhood  of  the  anus  or  on  a  mucous  membrane, 
the  hypertrophy  of  the  papillaj  is  usually  more  marked,  and  the  new  epithelium 
instead  of  forming  dry  scales  separates  early  or  forms  a  sodden  white  mass  on 
the  surface  of  the  patch.  Occasionally  the  papillary  aspect  of  the  growth  is 
very  distinct.  This  is  the  mucous  tubercle  or  flat  condyloma,  and  when  the 
eruption  is  general  every  gradation  may  be  traced  between  it  and  the 
squamous  syphilide,  according  to  the  degree  of  moisture  of  the  part  in  which 
the  patch  is  situated. 
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The  next  degree  of  the  process  is  the  syphilitic  papule  or  papular  sypMMe. 
This  is  the  result  of  a  coagulable  inflammatory  exudation  into  the  papillae  of 
the  skin.  It  forms  a  hard,  red,  elevated  patch,  usually  of  small  size  and 
covered  by  a  bran-like  desquamation  of  the  epithelium.  It  merges  insensibly 
into  the  squamous  syphilide,  or,  if  in  a  moist  part,  into  the  mucous  tubercle. 

If  the  process  be  more  acute,  the  serum  from  the  exudation  raises  the 
cuticle  and  a  vesicle  is  formed.  Vesicular  syphilide  is  a  rare  form  of  eruption. 
Should  it  be  still  more  acute,  migrating  corpuscles  penetrate  the  Malpighian 
layer  of  the  epithelium,  and  mixing  with  the  gerum  in  the  vesicle,  convert  it 
into  a  pustule,  and  there  is  then  developed  the  pustular  syphilide.  When  the 
pustules  occur  in  tlie  early  stages  of  syphilis,  they  dry  up  and  form  scabs, 
beneath  which  no  ulceration  takes  place,  and  no  scars  ai-e  left  when  they  are 
healed.  On  mucous  membranes,  from  the  thinness  and  softness  of  the 
epithehum,  the  superficial  layer  is  very  early  cast  ofP,  and  there  is  thus  formed 
the  small  superficial  ulcer  commonly  met  with  on  the  tongue  and  lip. 

All  the  early  syphilitic  eruptions  are  merely  modifications  of  one  pathological 
process,  difi'ering  in  degree  but  not  in  nature.  They  occur  in  all  parts  of  the 
body,  and  often  in  situations  which  are  not  affected  by  simple  eruptions  of 
the  same  character  ;  thus,  for  instance,  the  squamous  syphilide  is  common  on 
the  palms  of  the  hands,  the  soles  of  the  feet,  and  the  flexure  of  joints.  _  They 
present  also  the  great  peculiarity  of  causing  httle  or  no  itching  or  ii-ritation. 
More  than  one  form  of  eruption  may  be  present  at  the  same  time,  and  in  this 
again,  they  differ  from  simple  skin  diseases. 

With  the  skin  eruptions  there  is,  in  the  majority  of  cases,  some  aftection  of 
the  throat  With  the  roseola  of  the  skin  there  is  usually  some  redness  and 
dryness  of  the  fauces,  as  if  a  similar  eruption  was  taking  place  there  also. 
Later  on  ulceration  of  the  tonsils  very  commonly  takes  place.  The  ulcers  are, 
as  a  rule,  symmetrical ;  they  have  sharply-cut  edges,  and  a  grey  floor,  and 
the  mucous  membrane  round  is  reddened.  They  cause  singularly  little  pain 
in  most  cases,  and  have  no  tendency  in  this  stage  of  the  disease  to  extend  far 
beyond  the  surface  of  the  tonsil,  or  to  cause  extensive  destruction  of  the 
pillars  of  the  fauces  or  soft  palate. 

The  remaining  symptoms  belonging  to  the  secondary  stage  of  the  disease 
are,  loss  of  hair,  pains  in  the  lones,  periostitis  without  any  tendency  to 
terminate  in  suppuration,  and  inflammation  of  the  iris. 

The  most  common  of  the  foregoing  symptoms  are  the  roseola  followed  by 
papular  and  squamous  syphilide,  with  ulceration  of  the  throat ;  mucous 
tubercles,  loss  of  hair,  and  periostitis  are  common  but  by  no  means  constant ; 
iritis  is,  fortunately,  met  with  only  in  a  small  percentage  of  cases. 

During  the  time  the  eruptions  are  making  their  appearance  chi'onic  enlarge- 
ment, with  induration  of  the  lymphatic  glands  throughout  the  body,  is  not 
uncommon.    The  patient  is  usually  angemic  and  thin,  but  not  necessarily  so. 

The  secondary  stage  may  end  in  two  months  or  extend  over  a  year.  Not 
uncommonly  after  complete  disappearance  of  all  symptoms  and  an  interval  of 
some  months  of  apparent  health,  a  relapse  takes  place,  indicated  by  a  return  of 
some  of  the  secondary  eruptions.  When  the  secondary  stage  has  come  to  an 
end  the  patient  may  never  suffer  again  from  any  signs  of  the  disease,  or  he 
may  pass  on  directly  to  the  development  of  those  symptoms  which  are  classed 
as  tertiary.  In  many  cases  an  interval  of  months  or  years  intervenes  between 
the  secondary  and  the  tertiary  stages,  during  which  occasional  relapses  of  the 
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secondaiy  symptoms  may  occur.  Jn  other  cases,  again,  the  tertiaiy  affections 
may  appear  before  tlie  secondary  signs  have  subsided.  Thus  there  is  n.. 
distinct  h'ne  of  demarcation  between  secondary  and  tertiary  syphilis. 

The  Tertiary  Stage  of  Syphilis  is  characterized  by  the  ap]»earance  of 
nlcers  on  the  skin  and  mucous  membranes,  usually  unsyminetrical,  and  havinji 
a  tendency  to  spread  widely,  and  to  cause  considerable  destruction  of  tissue  : 
by  certain  chronic  degenerative  changes  in  the  blood-vessels  ;  ]>%■  clironic 
fibroid  induration  of  organs  and  tissues,  and  by  the  development  of  masses  of 
new  tissue  forming  definite  tumours  prone  to  early  degeneration— .sy;?^^7^7^£ 
t/ummata  or  syphilomata. 

The  tdcers  on  the  shin  begin  in  various  ways.  First,  they  may  arise  in 
much  the  same  way  as  the  secondary  eruptions.  A  locahzed  patch  of  the  skin, 
a  quai-ter  of  an  inch  or  more  in  diameter,  becomes  inflamed,  usually  vesication 
takes  place,  the  fluid  in  the  bleb  becomes  rapidly  purulent  and  then  dries  up, 
leaving  a  diy  adherent  scab  which  gradually  increases  in  thickness  and 
diameter.  If  this  be  removed,  a  circular  ulceration  of  the  cutis  is  found 
beneath,  which  may  slowly  spread  with  the  formation  of  a  fresh  scab.  This 
form  of  eruption,  known  as  rupia,  occurs  scattered  over  the  whole  body,  and 
in  this  resembles  a  secondary  eruption.  In  fact,  it  forms  an  intermediate  link 
between  secondary  and  tertiary  affections. 

Secondly,  small  gummata  form  in  the  cutis  vera,  forming  flat  dusky-red 
or  copper-coloured  elevations,  known  as  tubercular  syphilids,  or  syphilitic 
tubercles.  These  soften  in  the  centre,  and  an  ulcer  forms  which  may  spread 
slowly. 

Thirdly,  a  gumma  may  form  in  the  subcutaneous  tissue  ;  which  softens, 
becomes  adherent  to  the  skin,  and  opens  on  the  surface  by  ulceration,  leaving 
a  deep  excavated  cavity,  with  an  adherent  yellow  slough. 

Lastly,  in  syphilitic  subjects,  a  simple  injury  to  the  skin  may  lead  to 
a  spreading  ulcer.  This  form  is  most  common  on  the  leg.  All  tertiary  ulcers 
tend  to  spread  slowly,  often  extending  on  one  side  M-hilc  healing  on  the  othei-. 
They  thus  are  often  crescentic  or  serpiginous  in  form. 

The  changes  observed  in  the  smaller  arteries  consist  of  a  gradual  narrowing 
of  the  lumen  by  a  growth  apparently  originating  by  proliferation  of  the  endo- 
thelium. The  external  coat  is  also  thickened,  but  in  a  shghter  degree.  These 
changes  have  been  observed  in  the  cerebral  and  renal  arteries  of  medium  size, 
and  in  the  smaller  vessels  in  the  neighbourhood  of  gummata.  In  the  larger 
arteries  no  distinctive  changes  are  met  with,  but  it  is  a  well-known  fact  that 
the  great  majority  of  aneurisms  of  the  larger  vessels  in  young  subjects  occur 
in  those  who  have  suffered  from  constitutional  syphilis. 

Overgrowth  of  the  connective  tissue  is  met  with  in  the  lung,  liver,  spleen, 
testicle,  and  other  organs,  and  with  it  must  be  classed  the  diffuse  hypertrophy 
of  bone,  which  is  not  an  uncommon  consequence  of  syphilis.  An  organ  affected 
in  this  way  is  tougher  and  harder  than  natural,  and  at  first  increased  in  bulk. 
If  it  is  enclosed  in  a  fibrous  capsule,  as  the  liver  or  testicle,  this  is  thickened 
and  opaque,  sometimes  uniformly,  sometimes  in  patches.  When  the  organ  is 
covered  with  a  serous  membrane  this  also  shows  signs  of  chronic  inflammation ; 
thus  a  syphilitic  testicle  is  almost  invariably  surrounded  by  a  hydrocele  often 
divided  into  separate  sacs  by  adhesions  between  the  visceral  and  parietal  layers 
of  the  tunica  vaginalis.  In  a  later  stage  the  aft'ccted  organ  may  shrink  and 
become  puckered  on  the  surface.    A  section  shows,  in  the  early  stage  of 
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enlareement,  that  the  proper  structure  is  infiltrated  by  a  whitish  or  semi- 
transparent  material  of  considerable  firmness  lying  in  the  natural  situations 
of  the  connective  tissue  and  following-  the  lines  of  the  vessels.  In  the  testicle 
the  septa  may  thus  be  increased  to  half  a  line  or  more  in  thickness.  In  the 
later  stages,  when  the  active  process  has  ceased,  dense  cicatricial  bands  of 
fibrous  tissue  may  pass  through  the  organ  in  various  directions  leading  to 
puckered  scars  on  the  surface.  The  process  is  painless,  and  the  performance 
of  the  natural  function  of  the  organ  is  diminished  in  proportion  to  the 
destruction  of  its  proper  structure  by  the  pressure  of  the  new  growth. 

The  microscopic  appeai-ances  presented  in  organs  thus  affected  are  those  of 
chronic  interstitial  inflammation.  The  interstitial  connective  tissue,  sometimes 
throughout  the  affected  organ,  sometimes  in  bands  or  patches,  is  found  to  be 
infiltrated  with  small  round  cells,  of  the  size  and  shape  of  white  blood-cor- 
puscles. Between  the  cells  is  a  delicate  stroma,  usually  finely_  fibrillated. 
Vessels  of  new  formation  are  abundantly  present  in  the  new  tissue.  The 
growth  seems  to  commence  round  the  vessels  and  to  infiltrate  along  their 
course.  At  a  later  stage  it  becomes  developed  into  dense  fibroid  tissue,  and 
at  the  same  time  undergoes  considerable  contraction,  and  this  may  lead  to 
deformity  and  puckering  of  the  affected  organ.  The  normal  structures  of  the 
part  are"  pressed  upon  by  the  growth,  and  may  degenerate  and  be  completely 
absorbed  in  parts.  The  original  vessels  show  the  changes  just  described,  and 
are  frequently  obliterated. 

This  process  manifests  itself  in  bone  by  a  gradual  enlargement  extending 
over  a  considerable  area,  and  accompanied  by  a  great  increase  in  density  of 
the  structure  (sclerosis  of  bone).  The  Haversian  canals  are  narrowed,  and  in 
many  are  completely  obliterated,  and  thus  fi-om  want  of  blood-supply  death  of 
a  portion  of  bone  may  take  place  (syphihtic  necrosis).  The  bones  of  the  skull 
furnish  some  of  the  best  specimens  of  this  change. 

The  most  characteristic  pathological  product  of  tertiary  syphilis  is  the 
gumma,  or  as  it  is  sometimes  caUed  the  syphiloma  or  sypMUiic  granuloma.  ^  A 
gumma  commences  by  a  locaKzed  process  essentially  similar  to  the  diffuse  form 
just  described,  namely  an  infiltration  of  the  connective  tissue  of  the  affected 
part  with  small  round  cells.    These  cells  may  be  in  part  migrated  white  cor- 
puscles, and  in  part  formed  by  proliferation  of  the  original  connective  tissue 
corpuscles.    It  is  impossible  to  say  to  what  extent  they  owe  their  origin  to 
these  two  sources.  New  vessels  are  formed  amongst  the  cells,  and  thus  a  tissue 
is  developed  having  the  characters  of  granulation-tissue.    This  continues  to 
increase  in  quantity  till  the  special  structure  of  the  part,  such  as  epithehum 
in  a  gland,  striated  fibres  in  muscle,  fat-cehs  in  adipose  tissue,  or  the  compact 
tissue  of  bone,  disappear  in  the  affected  area,  being  destroyed  and  absorbed  in 
consequence  of  the  pressure  of  the  invading  growth.  Thus  a  nodule  is  formed, 
composed  of  small  round  cells,  between  which  is  an  intercellular  substance, 
small  in  amount  and  usually  distinctly  fibrillated,  so  as  to  give  the  new  tissue 
considerable  toughness.    The  gumma  in  this  stage  is  abundantly  vascular. 
The  new  tissue  exceeds  in  bulk  that  which  it  has  replaced,  and  thus  forms  a 
distinct  tumour.    It  increases  by  a  progressive  infiltration  of  the  surrounding 
structures,  and  not,  as  in  tubercle,  by  the  formation  of  new  nodules,  which 
c;oalesce  with  that  first  formed.    The  growth  continues  till  the  gumma  may 
reach  the  size  of  a  walnut ;  but  long  before  this — in  fact  soon  after  the  gumma 
becomes  recognizable — degenerative  changes  have  taken  place  in  its  structure. 
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These  arise  not,  as  in  tubercle,  from  the  absence  of  vessels  in  the  new  tissue 
but  as  has  been  pointed  out  by  (ireeufield,  from  a  gradual  obliteration  of  the 
small  arteries  entering  the  mass  by  the  process,  already  described,  of  prolifera- 
tion ot  the  endothelium  and  thickening  of  the  external  coat.  Probably  also 
the  pressure  of  the  new  cells,  closely  packed  together,  obstructs  the  circulation 
through  the  capillaries.  As  a  result  of  the  starving  of  the  new  tissue  thus 
bi-ought  about,  fatty  degeneration  takes  place.  The  cells  wither  and  become 
Wied  with  fat-granules,  and  finally  are  represented  merely  by  fatty  debris 
amongst  which  the  individual  elements  are  not  recognizable.  The  intercellular 
tissue,  when  fibriUated,  undergoes  but  little  change,  and  thus  the  caseous  mass 
retains  a  considerable  degree  of  toughness,  very  different  from  tliat  of  yellow 

tubercle.  The  caseation  may  follow  very 
closely  on  the  growth ;  but  while  growing 
a  gumma  is  always  surrounded  by  a  zone 
of  cell-infiltration  of  the  neighbouring 
connective  tissue,  with  vessels  of  new 
formation  amongst  the  cells.  The  case- 
ated  centre  of  an  old  gumma  often 
contains  crystals  of  cholesterine.  Gum- 
mata  vary  somewhat  in  consistence 
according  to  the  degree  of  fibrillation 
of  the  intercellular  substance.  In  some 
cases  mucous  softening  seems  to  take 
place  and  the  gumma  may  be  almost 
gelatinous  in  consistence. 

The  ultimate  fate  of  a  gumma  varies 
in  different  parts  and  under  different 
circumstances.    Even  after  caseation  and 
partial  softening  it  may.  under  proper 
Fi£r  419  sv,i,iKf  r         ,    .  treatment,  be  completely  absorbed,  leaving 

i'lg.  412  — feypluhtic  Guinina,  showin!'  a  large    „  J  1^21  '° 

vessel  beeomiiig  obliterated  by  proliferation  or  ^  depressed  fibrous  Cicatrix  behind  It.  In 

the  endotheliuiii.  „n  •  n     ■  .  , 

Other  cases,  especially  m  gummata  of  the 
„,    .       .  subcutaneous  tissue,  bone  and  muscle, 

softening  takes  place,  followed  by  suppuration  round  the  softened  mass.  The 
pus  finally  reaches  the  surface,  and  the  tissue  of  the  gumma  is  cast  off  as  a 
slough.  The  slough  is  tenacious  and  slow  to  separate  even  after  the  pus  has 
been  discharged.  It  has  been  very  aptly  compared  to  a  piece  of  wet  wash- 
leather.  In  this  it  differs  entirely  from  caseated  tubercle,  which,  under 
similar  circumstances,  forms  a  granular  mass  which  can  be  readily  scraped 
away  with  a  sharp  spoon.  In  the  liver,  testicle  and  brain  growth  may  cease, 
and  the  surrounding  zone  of  cell -in filtration,  instead  of  degenerating,  may 
be  developed  into  a  fibrous  capsule,  which  may  enclose  the  caseated  mass  and 
completely  encyst  it.  In  this  condition  it.  may  remain  permanently  without 
causing  further  mischief.  Calcification  occasionally  takes  place,  but  is  far 
from  common. 

A  fully  developed  gumma,  free  from  softening,  presents  to  the  naked  eye  ou 
section  the  following  appearances.  The  cut  surface  is  smooth,  of  a  jjale  straw 
yellow  colour,  of  tough  consistence,  and  on  scraping  yields  but  a  small  amount 
of  gi-anular  debris,  sometimes  scarcely  any.  Though  its  outline  is  tolerably 
well  defined,  it  can  always  be  seen  that  the  growth  is  not  circumscribed,  but 
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is  surrounded  by  a  greyish  semi-transparent  or  opaque  zone  infiltrating  the 
suiTOundiug  tissues,  and  often  sending  processes  in  various  directions  along 
the  lines  of  the  vessels  for  some  distance.  The  organ  in  which  it  is  situated 
is,  in  many  cases,  the  seat  also  of  general  interstitial  fibroid  induration. 

From  the  above  description  it  will  be  seen  that  a  gumma  resembles  tubercle 
in  being  a  new  growth  of  the  type  of  granulation-tissue,  prone  to  early  fatty 
degener°ation,  followed  often  by  softening  and  ehmination  by  suppuration.  It 
dilfers  from  tubercle  in  being  vascular  during  the  whole  stage  of  evolution,  m 
its  capability  of  being  absorbed  or  of  undergoing  a  development  in  part  into 
fibrous  tissue,  in  the  toughness  of  its  tissue,  and  in  the  absence  of  the  charac- 
teristic tubercle  folhcle  or  nodule^  with  its  giant-cell,  epithelioid  cells, 
lymphoid  corpuscles,  and  reticulated  stroma.  Moreover  it  is  not  inoculable 
on  animals,  nor  has  it  been  proved  to  contain  any  specific  organism.  Lust- 
garten  has  described  a  bacillus,  but  the  observation  requires  confirmation. 

Clinically  in  those  parts  in  which  a  gumma  comes  under  the  observation  of 
the  Surgeon,  it  forms  an  indolent  tumour  of  slow  growth,  often  accompanied 
by  a  good  deal  of  aching  pain.  If  superficial,  it  slowly  approaches  the 
cutaneous  surface,  the  skin  becomes  adherent,  and  then  dusky  red.  The 
mass  softens  and  fluctuates  distinctly,  and  an  opening  forms  from  which  some 
thin  unhealthy  pus  escapes.  This  gradually  increases  in  size  by  ulceration  m 
many  cases,  till  the  whole  reddened  skin  is  destroyed.  The  tissue  of  the 
gumma  is  seen  as  an  adherent,  tough  slough,  like  a  piece  of  web  wash-leather, 
which  slowly  separates  ;  the  cavity  becomes  lined  with  healthy  granulations, 
and  heals  without  diflBculty,  leaving  a  deep  cicatrix.  If  a  bone  be  affected, 
a  carious  patch  is  left,  sometimes  comphcated  by  the  presence  of  sequestra 
of  varying  size.  SmaU  gummata,  not  more  than  one-quarter  of  an  inch  m 
diameter,  may  form  in  the  cutis  vera,  and  afterwards  soften  and  run  the 
same  course  as  deeper  and  larger  growths  of  the  same  kind.  In  this  situa- 
tion they  form  the  skin  disease  known  as  tuiercular  syphilide.  Gummata 
do  not  necessarily  cause  any  enlargement  of  the  neighbouring  lymphatic 
glands,  though  this  may  occur  when -softening  and  suppuration  are  taking 
place. 

Gummata  will  be  further  referred  to  with  the  organs  in  which  they  are  met 
with. 

Gummata  have  been  occasionaUy  met  with  in  an  early  stage  of  syphilis, 
and  some  authorities  have  maintained  that  the  processes  concerned  in  the 
formation  of  a  gumma  differ  in  no  essential  respect  from  those  occurring  in 
the  induration  round  the  primary  sore  and  in  the  lymphatic  glands.  There 
is,  however,  one  essential  difference— the  discharges  from  softening  gummata 
are,  so  far  as  is  known,  not  infective,  consequently  it  seems  probable  that  the 
specific  virus  of  syphilis  is  not  present  in  them.    It  has  therefore  been 
suggested  that  the  changes  in  the  vessels,  the  diffuse  overgrowth  of  interstitial 
tissue  of  organs,  and  the  formation  of  gummata,  are  not  the  direct  effects  of  the 
virus,  but  are  due  to  some  modification  of  the  mode  of  growth  and  nutrition 
of  the  tissues,  impressed  upon  them  by  the  poison  while  it  was  active  in  the 
system.    The  urisymmefcrical  character  of  the  latter  eruptions  would  indicate 
that  they  are  not  dependent  on  an  active  virus  circulating  in  the  blood-stream. 
At  present  we  have  not  sufficient  knowledge  of  the  nature  of  the  virus  of 
syphilig,  or  of  its  mode  of  action,  to  render  these  speculations  of  any  real  value. 
Prognosis. — The  severity  and  form  of  the  manifestations  which  follow  con- 
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tao-ion  are  veiy  various  Diday  states  that  in  !.;;  c«ses  treated  by  him  without 
hnir'  ^^'^^r ^-^1^  -  --"^^'e  -aption  on  the  skin,  and  afte  tha 
•showed  no  further  signs  of  the  disease  ;  in  r,8  the  disease  lasted  fron.  ten  to 
eleven  months  w.th  eruption  on  the  skin  and  mucous  membranes,  occurring 
.n-egularly  with  repeated  relapses  ;  2!)  suflered  from  severe  cutaneous  erup- 
tions periostitis,  iritis,  &c.,  tlie  average  duration  of  the  disease  being  twenty 
months  ;  and  m  4  only  did  the  disease  assume  a  graN  o  form  with  early  appeal  - 
ance  of  tertiary  symptoms.  Berkeley  HiU  considers  that  these  statistics  form 
a  valuable  index  of  the  natural  course  of  syphilis. 

/^^^^^<^^^^^^rices  influencing  the  Progress  of  the  disease  are  chieflv 
trie  louowing- : — 

Other  things  being  equal,  the  disease  runs  the  mildest  course  in 
young  adults.  Infants  suffer  more  severely,  and  after  middle  life  syphUis  is 
very  apt  to  prove  intractable.  According  to  some  authorities,  it  is  practically 
mcurable  if  contracted  after  forty,  the  patient  being  constantly  troubled  b'y 
relapses  for  the  remainder  of  his  life.  ' 

^fe^.-Females  are  apt  to  suff-er  severely,  because,  from  the  more  concealed 
situation  of  the  primary  sore,  they  often  do  not  come  under  treatment  till  the 
secondaiy  symptoms  are  fully  developed.  Pregnancy  usually  aggravates  the 
course  of  the  disease.  " 

Personal  HaUts  and  Surroundmgs  exert  a  considerable  influence  on  the 
course  of  syphilis.  The  disease  is  seen  in  its  worst  forms  amongst  those  who 
suffer  from  insufficient  food,  clothing  and  washing,  and  are  addicted  to 
alcoholic  excesses.  In  a  young  adult  of  sound  constitution,  who  leads  a  healthy 
and  steady  life,  with  plenty  of  out-door  exercise,  syphilis  is  very  rarely  followed 
by  any  of  its  graver  consequences,  and  usually  ceases  to  give  ri.se  to  anvsymB- 
toms  m  about  one  year.  '  j  j  i 

The  state  of  the  patienVs  health  also  determines  to  a  great  extent  the  kind 
of  attack  he  will  undergo.  In  scrofulous  subjects  the  disease  usually  runs  a 
severe  course,  and  tertiary  ulcerations  are  very  prone  to  occur.  In  gouty 
sobjects  the  skm  eruptions  are  very  apt  to  relajise,  and  periostitis  is  common. 
Kbeumatism  also  is  said  to  render  the  patient  prone  to  inflammations  of  bones 
and  to  iritis  during  the  progress  of  syphilis.  Disease  of  the  kidneys  is  always 
a  most  serious  complication. 

_  After  the  symptoms  of  the  disease  have  subsided,  they  may  a^ain  be  called 
into  activity  by  any  cause  which  seriously  impairs  the  general  health.    It  is 
remarkable  for  how  long  a  time  the  syphilitic  ]wison  will  lie  dormant  in 
the  constitution  without  producing  any  local  manifestation  of  its  existence, 
until  this  18  developed  under  the  influence  of  a  broken  state  of  health.    I  have 
had  under  my  care  an  extremely  severe  case  of  constitutional  syphilis,  in 
which  twelve  years  elapsed  after  the  occurrence  of  the  primary  disease,  during 
the  whole  of  which  time  no  secondary  affection  was  observed  until  the 
patient's  health  gave  way  from  other  causes.    And  I  have  also  had  under  my 
care  an  officer,  in  whom  a  very  severe  form  of  constitutional  syphilis  occurred, 
lor  the  first  time,  after  sali\-atiou  for  hejiatic  disease,  five  years  after  the 
])rimary  sore  had  been  contracted— no  constitutional  manifestation  having 
attracted  the  patient's  attention  in  the  meanwhile.  Not  only  does  a  state  of  ill- 
health  hasten  the  occurrence  of  secondary  svphilis,  but  netrlect  or  indifference 
to  its  existence  may  keep  it  uj)  indefinitely. 
That  the  treatment  of  the  primary  sore  exercises  considerable  influence,  can- 
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not  be  doubted.    The  severity  of  the  course  of  syphilis  is,  J  believe,  materially 
lessened  by  a  mercui'ial  course,  if  that  course  be  properly  conducted. 

The  question  as  to  there  being-  any  connection  between  the  nature  of  the 
primary  sm-e  and  the  character  of  the  consecutive  constitutional  affection  has 
been  much  discussed,  and  very  different  opinions  have  been  entertained,  ihe 
aeneraUy  received  opinion  at  the  present  time  is,  that  no  safe  conclusions  as  to 
the  future  course  of  the  disease  can  be  drawn  from  the  appearance  of  the 
primary  sore.  Tertiary  symptoms  are,  in  fact,  frequently  met  with  m  patients 
who  have  not  a  trace  of  a  scar  left  by  the  primary  sore,  and  sometimes  even 
in  those  in  whom  the  initial  manifestation  has  been  so  shght  as  to  escape 

notice.  i    1 1 

The  character  of  the  secondary  s2/mptoms  seems  to  give  a  much  more  vamabie 
indication  of  the  probable  course  of  the  disease.  A  copious  early  squamous  or 
papular  eruption  is  believed  to  indicate  a  quick  course,  terminating  at  an  ear  y 
period.  Those  cases  in  which  the  skin  disease  persists  long  and  frequently 
relapses,  have  been  observed  to  suffer  but  rarely  from  visceral  affections  It 
is  a  remarkable  fact,  noted  by  Lancereaux,  Berkeley  HiU,  and  Wilks  that  a 
large  proportion  of  those  who  suffer  from  visceral  syphilis  have  passed  through 
a  very  mild  secondary  stage,  often  so  wanting  in  symptoms  as  to  be  scarcely 
recognizable.  This  fact  is  particularly  noticeable  in  tertiary  syphiloma  of  the 
nervous  system.  It  must  not  be  concluded,  however,  from  these  facts  that 
severe  tertiary  symptoms  must  necessarily  follow  a  mild  secondary  stage. 
In  the  great  majority  of  cases  a  mild  secondary  stage,  when  it  occurs,  forms 
the  end  of  the  disease.  Berkeley  Hill  states,  that  marked  general  glandular 
enlargement  is  a  bad  sign,  being  usually  accompanied  by  ansemia  and  debihty. 

Death  from  syphilis,  directly,  during  its  secondary  stage,  is  practically  un- 
known. The  disease  kills  more  often  by  its  tertiaiy  manifestations,  such  as 
the  development  of  gummata  in  the  central  nervous  system  or  liver.  Gowers 
is  of  the  opinion  that  locomotor  ataxy  is  most  common  in  patients  who  have 
suffered  from  constitutional  syphiKs.  Many  aneurisms  are  believed  to  be  due 
to  syphilitic  changes  in  the"  vessels.  The  proportion  of  cases,  however,  in 
which  syphilis  even  indirectly  shortens  life  is  so  small  that  it  is  not  considered 
necessary  to  make  any  addition  to  the  premium  charged  for  life-insurance,  be- 
cause a  patient  has  passed  through  an  attack  of  syphilis,  unless  some  definite 
tertiary  symptoms  are  present. 

Duration  of  Syphilis.— It  is  extremely  diflacult  to  say  when  syphdis  can 
be  eradicated  from  the  system  ;  and  indeed  it  is  a  question  whether  it  may  not 
impress  the  constitution  in  a  peculiar  way,  modifying  certain  processes  during 
the  rest  of  life,  as  we  know  to  be  the  case  in  other  specific  diseases,  such  as 
cow-pox  or  scarlet-fever.  Certain  it  is  that,  if  neglected  or  improperly  treated, 
.it  may  affect  the  system  for  an  indefinite  time,  declaring  its  existence^  by 
exciting  and  modifying  various  local  inflammations  years  after  the  original 
absorption  of  the  poison.  It  is  tolerably  clear  that  a  person  who  has  once 
had  the  usual  course  of  syphilis  and  has  recovered  from  this  malady,  cannot 
have  it  a  second  time,  though  he  contract  a  fresh  chancre.  Exceptions  to 
this  rule  are,  however,  occasionally  met  with.  But  sach  cases  are  exceedingly 
rare,  iu.d  occur  only  after  an  interval  of  some  years  has  elapsed  between  the 
two  attacks.  Hutchinson  has  related  a  very  interesting  example  of  this  kind 
in  a  medical  student,  who  also  suffered  from  two  attacks  of  small-pox.  Daily 
experience  shows  that  in  many  constitutions  syphilis  cannot  be  eradicated, 
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and  that  in  most  others,  when  once  it  has  occurred,  it  is  apt,  even  when 
apparently  cured,  to  modify  certain  cutaneous  and  'other  affeitiZ  In  a 
icmaikable  manner,  after  a  lapse  of  many  years  ;  showing  clearly  that,  if  the 

f^nrolT  T\  '^^^  constitution  has  received  a  j  eculiar 

impress  from  it,  which  it  is  long  in  losing 

.nd^  oZrf  r'-~i^^'  treatment  of  the  primary  stage  of  the  disease  is  local 
and  constitutional. 

Local  Treatment,  which  is  all  that  is  required  in  the  simple  chancre,  is 
of  comparative  y  httle  importance  in  the  true  syphilitic  sore,  the  causes  of  the 
local  manifestation  being  beyond  the  reach  of  any  direct  application.    If  the 
mitia  manifestation  assumes  the  form  of  the  desquamating  papule  every  effort 
must  be  made  to  prevent  its  ulcerating  by  the  application  of  some  simple  non- 
irritating  substance,  such  as  vaseline,  to  protect  it  from  irritating  secretions 
and  friction.    Attention  to  cleanhness  by  frequent  washing  is  also  essential. 
II  an  indurated  sore  forms,  iodoform,  which  is  of  such  singular  benefit  in  the 
simple  chancre,  will  be  found  of  little  use.    Attention  to  cleanliness,  the 
avoidance  of  irritating  dressings,  and  the  application  of  a  piece  of  lint  soaked 
m  black  wash  will  be  found  in  most  cases  to  be  all  that  is  necessary.  Caustics 
are  always  injurious.    It  has  been  recommended  by  Ausspitz  and  others  to 
excise  the  sore  ;  on  the  theory  that  the  virus  may  be  stiH  localized  at  the  seat 
ot  infection,  and  that  by  removing  the  initial  manifestation  the  further  pro- 
gress of  the  disease  may  be  arrested.    Experience  has  shown  that  it  does  not 
produce  the  desired  effect,  a  fact  which  confirms  the  view  that  the  induration 
of  the  sore  is  m  fact  the  first  sign  of  constitutional  affection.    Should  the  sore 
assume  a  phageda^nic  form,  it  must  be  treated  as  ah-eady  described  (p  1109) 

ihe  Constitutional  Treatment  of  primary  syphilis  need  not  be  separated 
trom  that  of  the  secondary  stage,  as  the  same  remedies  that  favom-  the  healing 
ot  the  initial  manifestation  exercise  a  beneficial  influence  on  the  secondary 
attections.  The  constitutional  treatment  of  syphilis  has  undergone  various 
changes  according  to  the  prevailing  doctrine  of  the  day.  It  had  been  decided 
by  the  burgeons  of  the  last  and  early  part  of  this  century,  that  mercury 
acted  as  a  specific  against  the  syphihtic  poison.  This  doctrine  was  so  firmly 
established  that  Hunter,  and  many  of  the  great  Surgeons  of  his  school, 
looked  on  the  curability  of  a  sore  without  mercmy  as  a  proof  that  it  was  not 
syphilitic. 

About  the  commencement  of  this  centm-y,  however,  it  was  found  by  obser- 
vations of  the  Army  Surgeons,  amongst  whom  Rose  took  a  principal  share 
m  the  inquiry,  that  many  forms  of  venereal  ulcer  (no  distinction  being  then 
drawn  between  the  local  non-infecting  sores  and  the  ulcers  which  resulted 
from  the  contagion  of  the  constitutional  disease)  were  curable  without  the 
necessity  of  administering  mercury,  or  indeed  of  having  recourse  to  any- 
specific  treatment  whatever.    These  observations,  Avhich  were  chiefly  made  in 
Spam  and  Portugal  during  the  Peninsular  War,  led  to  the  introduction  of 
the  non-mercurial  or  simple  treatment,  as  it  is  termed  ;  a  mode  of  practice 
that  obtained  great  ftxvour  and  was  extensively  tried.    On  the  definite  separa- 
tion of  the  simple  non-infecting  chancre  from  the  true  syphilitic  sore,  however, 
a  reaction  took  place  in  the  minds  of  most  Surgeons,  and  mercury  is  now 
almost  invariably  employed  in  the  treatment  of  the  latter,  and  is  administered 
more  moderately  and  scientifically,  and  consequently  more  successfully,  than 
before. 
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The  aro-uments  ia  favour  of  the  non-mercurial  plan  of  treatment  were 
briefly  the'se  :  that  by  this  system  of  treatment  the  constitution  of  the  patient 
is  saved  the  introduction  of  a  mineral  which  occasionally  acts  injuriously, 
and  which,  as  the  disease  can  be  cured  without  it,  may  at  all  events  be  looked 
upon  as  unnecessary  ;  that  secondary  affections  less  frequently  follow  this  plan 
than  they  do  the  administration  of  mercury ;  and,  lastly,  that  those  distressing 
cases  of  constitutional  syphilis  which  are  common  after  mercurial  courses,  and 
which  are  said  to  depend  upon  a  peculiar  combination  of  the  syphihtic  poison 
with  the  mineral  in  the  system,  are  never  met  with  in  persons  who  have  under- 
gone the  simple  treatment.    These  arguments,  however,  on  closer  examination 
and  further  experience,  have  been  proved  to  be  not  quite  so  conclusive  as  the 
supporters  of  the  simple  treatment  appear  to  believe.    Before  the  simple  sore 
was  clearly  distinguished  from  the  initial  manifestation  of  syphilis  the  early 
healing  of  the  chancre  and  the  absence  of  secondary  symptoms  after  it  were 
taken  as  evidence  of  the  efficacy  of  the  non-mercurial  treatment  of  syphilis. 
Now  that  the  two  forms  of  sore  are  clearly  separated  from  each  other  this  fact 
has  of  course  no  bearing  on  the  question,  and  experience  has  undoubtedly  shown 
that  although  the  true  indurated  sore  will  heal  in  time  without  the  administra- 
tion of  mercury,  yet  the  process  of  cicatrization  is  slow  and  often  imperfect, 
the  scar  readily  breaking  down  again  for  some  time  after  apparent  healing  ; 
whereas  if  mercury  be  given  the  healing  is  rapid  and  permanent.    This  is, 
however,  but  a  small  part  of  the  question.    It  is  a  most  serious  error  to  con- 
found the  healing  of  the  primary  sore  with  the  cure  of  syphilis.    The  test  of 
the  relative  value  of  the  two  plans  of  treatment  must  depend  rather  on  the 
influence  they  have  over  the  course  of  syphilis,  and  on  the  character  that  the 
symptoms  assume  under  one  or  other  of  these  methods,  than  on  the  mere  skinning 
over  of  the  ulcer.   I  cannot  agree  with  the  statement  that  secondary  symptoms 
are  less  frequent  after  the  simple  than  after  the  mercurial  treatment.    In  fact, 
since  the  separation  of  the  simple  chancre  from  the  true  syphilitic  sore  the 
fact  has  become  clearly  recognized  that  no  mode  of  treatment  can  prevent  the 
appearance  of  secondary  symptoms  ;  mercury  may  diminish  their  severity  or 
delay  their  appearance,  but  constitutional  syphilis  must  unavoidably  foUow 
the  indurated  sore,  though  sometimes  the  symptoms  may  be  so  slight  as 
almost  to  escape  detection. 

I  have  seen  the  non-mercurial  plan  of  treatment  very  extensively  employed 
at  University  College  Hospital ;  indeed,  it  was  formerly  almost  i-nvariably 
practised  there,  more  particularly  in  the  syphilitic  cases  occurring  among 
the  out-patients  under  Morton,  who  strongly  advocated  it ;  and  I  have  had 
repeated  occasion  to  observe  the  frequency  with  which  it  was  followed  by 
secondary  symptoms.    In  private  practice,  also,  I  have  had  considerable  op- 
portunities of  comparing  the  two  methods,  and  I  can  safely  say  that  I  have 
seen  the  simple  treatrnent  more  frequently  followed  by  severe  secondary 
symptoms  than  the  mercurial  plan  has  been  when  properly  and  judiciously 
employed.    The  supporters  of  the  non-mercurial  treatment,  when  obliged  to 
admit  the  great  frequency  with  which  it  is  followed  by  secondary  symptoms, 
argue  that  these  are  less  severe  after  the  simple  than  after  the  mercurial  plan ; 
and  they  state,  as  it  appears  to  me,  without  one  atom  of  evidence  to  support 
their  statement,  that  mercury  and  syphilis  together  form  a  sort  of  poisonous 
compound  in  the  system,  which  produces  the  most  destructive  forms  of 
constitutional  syphilis.     It  is  doubtless  true  that,  after  an  ill-regulated 


"34  VENEREAL  DISEASES. 

mercHmal  course,  consfcitutioual  sypliilis  of  a  very  severe  character  may  occa- 
sionally appear  ;  but  this  seems  to  me  to  be  rather  owing  to  mercury  havin-^ 
been  impropedy  administered  in  co.istitutions  that  will  not  bear  it,  and  in 
which,  by  the  induction  of  a  cachectic  condition  of  the  system,  it  favours  the 
occim-ence  of  some  of  the  more  severe  forms  of  secondary  syphilis,  in  the  same 
way  that  any  other  lowering-  plan  of  treatment,  or  simple  debilitv,  mi^ht 
occasion  them,  but  without  the  exercise  of  any  specifically  injurious  influence 
bome  of  the  worst  forms  of  constitutional  syphilis  that  I  have  seen,  occurred 
m  patients  to  whom  no  mercury  had  been  administered,  but  in  Avhom  the 
syphilitic  virus  had  been  allowed  to  exercise  its  iuflueuce  unchecked,  save  bv 
the  so-called  simple  treatment.    I  have  seen  the  body  covered  by  immensl- 
ecthyma  ous  crusts  and  sores  in  one  case,  rupial  ulcers  with  destruction  of  the 
nose  and  palate  m  another,  the  worst  kind  of  syphilitic  cachexv  with  the 
tuberculo-pustular  syiohiKde  in  a  third,  and  extensive  disease  of  the  cranial 
bones  and  the  clavicle  in  a  fourth  ;  in  none  of  which  cases  had  any  mercnrv 
been  administered. 

But,  though  I  cannot  admit  that  the  supporters  of  the  simple  or  nou-mer- 
curial  treatment  of  syphilis  have  brought  forward  any  proof  of  its  superiority 
over  the  mercurial  plan,  and  though  my  own  experience  has  taught  me  that 
secondary  symptoms  occur  after  it  with  no  less  severity  than  they  do  when 
mercury  is  carefully  and  judiciously  administered,  yet  I  am  quite  ready  to 
allow  that  there  are  certain  conditions  of  syphilis  in  which  the  non-mercurial 
treatment  alone  is  admissible,  the  state  of  the  constitution  or  the  disease  beina 
such  that  mercury  cannot  be  given  in  any  form.    In  these  cases  such  a  treat^ 
ment  must  be  adopted,  in  accordance  with  ordinary  medical  principles,  as  will 
tend  to  improve  the  general  condition.    It  is,  indeed,  especially  in  individuals 
of  an  unhealthy  or  strumous  habit  of  body,  or  in  those  who  are  suffermg  from 
visceral  disease  of  some  kind,  especially  Bright's  disease,  or  whose  powers 
have  been  broken  by  habitual  dissipation,  that  this  plan  of  treatment  should 
be  adopted    So  also  in  those  who,  from  the  nature  of  their  occupations,  are 
subjected  to  much  exposure  to  wet  and  cold,  a  mercurial  course  cannot  be 
properly  or  safely  administered,  and  the  simple  treatment  is  most  advisable 
in  all  other  cases,  I  am  certainly  of  opinion  that  mercury  ought  to  be  adminis- 
tered; and  this  opinion  appears  to  be  entertained  by  "the  most  experienced 
burgeons  of  the  day  in  this  country  and  abroad. 

The  first  question  in  connection  with  the  employment  of  mercury  in  syphihs 
has  reference  to  the  principle  on  which  this  remedy  is  administered.  Wliether 
mercury  exercises  a  specific  action  over  the  poison  of  svphilis  or  not,  has  been 
much  discussed,  and  is  difficult  of  proof.    I  certainly  think  that  it  does  act 
as  a  .specific  in  syphilis,  but  that  this  action  is  much  influenced  by  the 
condition  of  the  system,  the  habits  of  the  patient,  and  the  mode  of  adminis- 
tering the  remedy ;  these  conditions  under  certain  circumstances  tendin<r  to 
counteract  or  otherwise  to  interfere  with  its  operation.     That  mercury  is 
antagonistic  to  the  syphilitic  poison,  appears  evident  from  the  fact  that  in 
some  instances  hard  sores  will  not  heal  unless  it  be  given  internally;  from 
Its  influence  m  .speedily  curing  infantile  syphilis  and  preventing  after-manifes- 
tations in  the  .system  ;  and  from  the  fact  that,  when  property  administei-ed  in 
hecUlluj  consMuiwm,  it  may  almost  to  a  certainty  be  expected  to  dissipate  the 
various  symptoms  of  constitutional  syphilis.    When  it  fails,  as  it  doubtless 
does  m  many  cases,  to  prevent  severe  constitutional  .symptoms,  the  failure  may 
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usually  be  traced  either  to  want  of  care  in  the  admimstration  of  the  medicine, 
or  to  the  existence  of  an  impaired  state  of  the  patient's  health.  The  essential 
practical  point  in  the  treatment  of  primary  syphilis  by  mercury  is  to  keep 
the  patient  under  a  prolonged  and  mild  course,  rather  than  a  short  and 
active  one. 

Administration  of  Mercury  in  Syphilis. — In  discussing  this  question 
the  following  points  require  consideration  : — 1.  The  cases  in  which  mercury  is 
inadmissible.  -1.  Cases  in  which  it  is  required.  3.  The  effects  of  mercury 
and  the  degree  to  which  its  use  should  be  pushed  in  treatment.  4.  Its  effect 
in  different  stages  of  the  disease.  5.  Tlie  time  during  which  its  use  should  be 
continued.  6.  The  mode  of  administration.  7.  The  general  management  of 
the  patient  during  the  time  he  is  taking  the  drug. 

1.  Gases  in  which  mercury  is  inadmissible. — As  has  already  been  stated, 
mercury  cannot  be  safely  given  to  scrofalons  patients  or  to  those  suffering 
from  active  tubercular  disease.  It  is  especially  dangerous  in  all  forms  of 
Bright's  disease,  so  that  it  is  well,  if  there  be  any  suspicion  of  an  unhealthy 
state  of  the  kidneys,  to  examine  the  urine  for  albumen  before  commencing  to 
give  the  drug.  It  is  not  well  borne  by  those  also  who  are  exhausted  by  habits 
of  dissipation,  by  insufficient  food,  or  by  bad  hygienic  surroundings.  Lastly, 
some  patients  are  peculiarly  intolerant  of  mercury,  apparently  from  some 
idiosyncrasy,  and  in  these  it  may  be  impossible  to  give  it  with  safety. 

2.  Cases  in  tuhich  meixury  is  required. — There  is  no  doubt  that  the  natural 
tendency  of  syphilis  is  to  spontaneous  recovery ;  this  has  been  clearly  proved 
by  the  effects  of  the  non-mercurial  treatment.  In  young  and  healthy  adults 
the  great  majority  of  cases  would  probably  escape  any  serious  symptoms  if  left 
without  treatment.  It  is  equally  certain,  however,  that  mercury  shortens  the 
stages  and  lessens  the  severity  of  the  disease,  and  that  if  carefully  administered, 
it  cannot  do  any  harm.  '  The  administration  of  mercury  is  therefore  advisable 
in  every  case  of  syphilis  in  which  its  use  is  not  contra-indicated  by  one  of  the 
conditions  above  mentioned.  As  age  increases,  its  use  becomes  more  essential, 
for,  as  before  stated,  the  disease  becomes  more  obstinate  in  proportion  to  the 
age  of  the  patient  at  the  time  of  infection. 

3.  The  general  effects  of  mercury,  and  the  degree  to  ivhich  it  shoidd  le  pushed 
in  treatment.— HXxQ  observations  of  Liegeois,  Hughes  Bennett,  and  Keyes, 
show  that  mercury  administered  to  a  healthy  subject  in  very  small  doses  acts 
as  a  tonic.  Under  its  influence  the  red  corpuscles  increase  in  number,  and  in 
animals  a  gain  in  weight  has  been  noted.  In  larger  doses  it  diminishes  the 
red  corpuscles.  In  syphilis,  in  which  the  red  corpuscles  are  diminished  in 
number,  it  causes  an  increase  if  administered  in  moderate  doses.  All  forms  of 
mercury  administered  by  the  mouth  tend  to  act  upon  the  bowels,  and  unless 
this  tendency  be  checked,  the  desired  alterative  effect  is  not  easily  produced. 
The  most  marked  sign  of  the  action  of  the  mercury  is  the  effect  upon  the  gums 
and  mouth.  The  first  sign  that  the  drug  is  affecting  the  constitution  is  the 
appearance  of  a  red  line  along  the  gums,  close  to  the  teeth  ;  there  is  at  the 
same  time  a  slight  sense  of  tenderness  on  biting  any  hard  substance.  In  the 
present  day  the  administration  of  mercury  is  not  pushed  beyond  this  point, 
and  in  the  primary  stage  of  syphilis,  it  is  not  even  necessary  in  uiost  cases  to 
carry  it  so  far  before  its  good  effects  are  apparent  on  the  sore.  Should  the 
drug  be  pushed  further,  either  intentionally  or  accidentally,  the  swelling  in- 
creases; the  gums  become  soft  and  spongy,  and  overhang  the  teeth  ;  the 
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tongue  swells,  so  as  to  show  the  impression  of  the  teeth  along  its  sides  and  it 
becomes  covered  with  a  thick  fur.  The  breath  becomes  offensive,  and  thei-e 
IS  an  increased  flow  of  saliva,  and  a  metallic  taste  iji  the  mouth. '  This  con- 
dition of  "  mercurial  salivation  "  was  in  former  times  regarded  as  the  proper 
effect  to  be  obtained  by  the  administration  of  the  drug.  In  the  present  day  it 
is  regarded  as  an  evil  to  be  carefully  avoided.  If  the  drug  be  pushed  still 
further,  the  teeth  may  be  loosened,  and  fall  out ;  the  gums  and  tongue  may 
become  ulcerated,  and  acute  inflammation  may  take  place  in  the  salivary 
glands.  At  the  same  time  there  may  be  considerable  febrile  disturbance. 
The  effects  produced  by  mercury  vary  very  greatly  in  different  individuals,  a 
dose  which  would  salivate  one  patient  producing  no  effect  on  another.  In  the 
adnainistration  it  is  necessary,  therefore,  in  all  cases,  to  begin  with  a  small 
quantity,  which  may  be  gradually  increased  till  the  patient's  dose  is  ascer- 
tained. When  symptoms  of  salivation  set  in,  the  mercury  must  be  imme- 
diately discontinued.  A  brisk  saline  purge  may  be  given,  and  the  mouth 
must  be  washed  with  a  strong  alum  or  chlorate  of  potash  gargle  (10  to  15  grs. 
to  the  ounce  of  water). 

In  the  treatment  of  syphilis  the  effect  upon  the  primary  sore  is  often  a 
useful  guide  in  the  administration  of  mercury.  If,  under  the  influence  of  a 
certain  dose,  the  sore  rapidly  assumes  a  healthy  appearance  and  begins  to 
heal,  it  may  be  taken  for  granted  that  that  quantity  is  sufficient  to  act  bene- 
licially  on  the  patient,  and  it  may  be  adhered  to  during  the  whole  course,  even 
if  it  does  not  affect  the  gums,  unless  special  circumstances  require  an  increase. 
In  fact  it  is  better  in  all  cases  to  be  guided  rather  by  the  effect  on  the  disease 
than  by  the  effect  on  the  gums.  Swollen  gums  show  that  the  limit  of  safety 
has  been  reached  ;  if  the  symptoms  are  relieved  without  affecting  the  mouth, 
so  much  the  better.  There  is  no  evidence  that  any  tolerance  of  the  drug  is 
acquired  by  its  prolonged  administration. 

4.  The  effects  of  vxercury  in  the  different  stages  of  sypMlis.—TaQ  effect  of  the 
drug  on  the  primary  sore  is  almost  invariably  very  distinctly  marked,  and  mani- 
fests itself  usually  before  the  gums  are  affected.  The  hardness  round  the  sore 
becomes  less  intense  and  less  sharply  defined.  The  smooth  pale  surface 
becomes  of  a  healthy  red  colour,  granulations  spring  up,  often  of  a  florid  tint, 
and  bleeding  readily  ;  the  thin  serous  discharge,  characteristic  of  the  typica] 
hard  sore,  is  replaced  by  pus,  and  by  the  end  of  a  week  or  ten  days  the  indu- 
rated chancre  has  assumed  the  appearance  of  a  healthy  gi-anulating  sore.  As 
these  changes  take  place,  the  sore  usually  becomes  more  tender  and  painful, 
and  the  patient  may  become  alarmed  at  what  to  him  seems  a  change  for  the 
worse.  The  induration  at  the  base  of  the  sore  is  often  not  completely  absorbed 
for  many  weeks  after  the  surface  has  been  covered  by  new  epithelium.  Simul- 
taneously with  the  softening  of  the  induration,  the  glands  in  the  groin  become 
smaller,  but  they  do  not,  as  a  rule,  reach  their  normal  size  and  consistence  till 
long  after  the  sore  is  healed. 

The  influence  of  mercury  is  not,  in  all  cases,  so  unmistakeable  in  the  second- 
ary stage  ;  but,  in  most  cases,  it  is  e^-ident  enough.  The  rashes  fade  or  diminish 
in  abundance,  or  may  even  be  entirely  prevented,  and  the  sore  throat  subsides 
under  the  influence  of  the  drug.  It  may  be  necessary,  however,  to  push  the 
administration  till  the  gums  are  distinctly  affected  before  the  effect  is  pro- 
duced. In  the  tertiary  stage  its  effect  is  far  less  certain,  and  the  state  of  the 
patient's  health  is  fi-equently  such  as  to  coutm-indicate  its  administration. 
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As  a  rule,  ib  should  not  be  given  unless  other  means  have  failed,  when  it  will 
sometimes  be  found  to  produce  excellent  effects  if  carefully  administered. 

5.  The  time  during  luMcli  mercury  should  ie  continued. — The  administration 
of  mercury  should  commence  as  soon  as  the  nature  of  the  disease  is  recog- 
nized, and  be  steadily  continued  while  the  secondary  symptoms  are  making 
their  appearance.  Even  if  no  secondary  signs  appear,  it  is  better  to  continue 
the  administration  uninterruptedly  for  from  four  to  six  months,  after  which 
an  interval  may  be  allowed.  In  a  young  subject,  if  no  signs  of  the  disease  are 
present,  its  use  may  then  be  abandoned,  and  not  renewed  unless  some  fresh 
symptoms  appear.  In  older  patients  it  is  safer  to  continue  the  administration 
of  mercury  for  a  year,  allowing  intervals  now  and  then  during  the  treat- 
ment. The  patient  must  be  carefully  watched,  and  if  any  signs  of  depression 
from  the  use  of  the  drug  become  apparent,  its  use  must  be  at  once  suspended. 
If  there  be  much  febrile  disturbance  immediately  before  the  outbreak  of  the 
secondary  symptoms,  it  is  advisable  in  some  cases  to  withhold  the  drug  for  a 
few  days. 

6.  Mode  of  administration. — Mercury  may  be  administered  in  four  ways  : 
{a.)  by  the  mouth  ;  (&.)  by  inunction  ;  (c.)  by  subcutaneous  injection  ;  or 
(d.)  by  fumigation. 

{a.)  Bij  tlie  mouth. — This,  being  the  most  convenient  method,  is  usually 
adopted.    As  mercurial  preparations  are  mostly  purgative,  it  is  necessary,  in 
most  cases,  to  add  a  small  quantity  of  opium,  to  prevent  this  action.  In 
the  treatment  of  any  given  case,  it  is  necessary  to  ascertain  what  preparation 
has  least  tendency  to  purge  the  patient,  what  amount  of  opium  is  required 
just  to  neutrahze  the  purgative  tendency  without  causing  constipation  or 
headache,  and  what  dose  is  required  to  produce  the  desired  effect  on  the 
disease.    All  these  points  can  be  ascertained  only  by  observation  of  the  parti - 
ticular  case.  The  form  that  will  be  found  most  generally  useful  is  the  following : 
p.,  grey  powder,  gr.  j.  ;  Dover's  powder,  gr.  j.  ;  extract  of  gentian,  q.  s.  to  make 
a  pill.    The  patient  may  begin  with  three  pills  a  day  for  three  days  ;  if  they 
give  rise  to  no  effects,  either  beneficial  or  the  reverse,  the  dose  may  be  in- 
creased to  four,  and  after  a  few  days  to  five,  if  necessary.    Six  are  very  rarely 
required.    If  the  pill  purges,  the  Dover's  powder  may  be  increased  ;  if  it  consti- 
pates it  must  be  diminished.    A  few  variations  usually  succeed  in  hitting  the 
exact  proportion  and  dose  suited  to  the  case,  and  the  prescription  may  then 
remain  unchanged  for  weeks  or  even  months.    The  ordinary  blue  pill  is  of 
the  same  strength  as  the  grey  powder,  and  may  be  given  mstead  of  it,  if 
preferred ;  but  it  is  slightly  more  apt  to  purge.    It  may  be  first  tried  alone, 
or  with  an  equal  quantity  of  extract  of  gentian,  in  grain  doses,  three,  four,  or 
five  times  a  day.    If  necessary,  powdered  opium  or  Dover's  powder  is  added. 
In  patients  very  insusceptible  to  the  drug,  as  much  as  ten  grains  a  day  of  blue 
pill  can  sometimes  be  taken.    If  these  preparations  do  not  suit  the  patient, 
the  green^  iodide  of  mercury,  in  doses  commencing  at  half  a  grain,  and 
gradually  increased  to  a  grain,  three  times  a  day,  may  be  employed.  It  should 
be  made  into  a  pill  with  extract  of  gentian,  and,  if  necessary,  a  sixth  to  a  third 
of  a  grain  of  extract  of  opium  may  be  added.    The  only  objection  to  this 
preparation  is  that  it  may  decompose,  the  red  iodide  and  free  mercury  beino- 
formed,  it  then  acts  much  more  powerfully,  and  may  sahvate.    The  pei^ 
chloride  of  mercury,  or  the  bicyanide  may  sometimes  be  tried  if  the  foregoing 
fail.    They  are  given  in  doses  of  from      to  ^  of  a  grain,  made  up  int?  pills 
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with  sugar  of  milk  and  vavuished.  Calomel  is  never  to  be  recommended, 
being  too  irritating.  Mercury  can  also  be  administered  in  a  mixture,  if  the 
pills  do  not  suit.  In  debilitated  constitutions,  and  in  the  tertiary  stage  of  the 
disease,  the  perchloride  in  doses  of  irom  to  l-  of  a  grain  may  be  given,  with 
compound  tincture  and  infusion  or  decoction  of  cinchona.  To  this  are  some- 
times advantageously  added  a  few  grains  of  iodide  of  potassium,  by  whicli 
the  perchloride  is  converted  into  the  red  iodide  of  mercury,  which  is  held  in 
solution  by  the  excess  of  the  potassic  iodide.  Plummer's  pill,  in  five  grain 
doses,  taken  two  or  three  times  a  day,  is  very  useful  in  the  syphilides. 

{b.)  Iminction. — In  some  cases  the  bowels  are  so  irritable  that  the  adminis- 
tration of  mercury  by  the  mouth  invariably  purges  the  patient  ;  in  these 
circumstances  mercurial  inunction  may  be  conveniently  practised.  This 
best  done  by  rubbing  a  scruple  to  a  drachm  of  the  ordinary  mercurial  ointment 
into  the  inside  of  each  thigh  or  arm  or  in  the  axilla  before  going  to  bed. 
The  skin  should  be  well  washed  before  the  mercury  is  rubbed  in.  After  the 
inunction  the  patient  should  put  on  flannel  clothes  next  his  skin  to  encourage 
sweating  and  go  to  bed.  In  the  morning  he  should  take  a  hot  bath.  The 
inunction  must  be  repeated  daily  till  some  effect  is  produced,  and  it  is  best 
not  to  rub  the  ointment  into  the  same  part  on  two  consecutive  days.  It 
must  be  borne  in  mind  that  the  orifices  of  the  sweat-glands  and  hair-foUicles 
become  filled  with  the  ointment ;  so  that,  should  salivation  commence,  it  is  not 
easy  at  once  to  arrest  the  absorption  of  the  mercury.  The  use  of  the  hoc 
bath  every  morning  diminishes  the  risk  of  the  absorption  of  an  undue 
amount. 

(c.)  Subcutaneous  injection  of  mercury  has  been  employed  by  Lewin  and  other 
Surgeons  on  the  Continent,  and  by  Walker  of  Peterborough  in  this  coimtry. 
The  salt  used  is  the  perchloride,  of  which  about  one-sixteenth  of  a  grain  is 
injected  in  solution  in  30  minims  of  water.  Sigmund  of  Vienna,  who  tried 
this  remedy  in  two  hundred  cases,  used  a  solution  of  about  four  grains  to 
one  ounce  of  water  to  which  he  added  eighty  grains  of  common  salt.  He 
insists  strongly  on  the  necessity  of  rest  after  the  injection,  so  as  to  obviate 
the  occurrence  of  abscess  and  other  untoward  consequences  wliich  have  been 
observed  to  follow  it.  The  precise  value  of  the  subcutaneous  injection  of 
mercury  in  syphilis  has,  t  seems,  yet  to  be  determined.  Sigmund  believes  it 
to  be  most  useful  in  those  forms  of  the  disease  affecting  the  more  superficial 
structures  and  the  osseous,  muscular,  and  fibrous  tissues. .  Hill,  who  has 
extensively  tried  this  mode  of  administration,  is  of  opinion  that  it  should  be 
reserved  for  those  rare  cases  in  which  mercury  cannot  be  taken  in  the  more 
ordinary  ways. 

{d.)  Jlercurial  fumigation. — In  some  cases  of  constitutional  syphihs  in 
which  the  patient  cannot  tolerate  this  drug  by  the  mouth,  mercury  may 
conveniently  be  administered  by  fumigation.  This  plan  of  treatment,  which 
has  been  especially  recommended  by  Langston  Parker  and  H.  Lee,  consists  of 
a'combination  of  vapour-bathing  and  of  mercurial  fumigation.  The  baths  may 
also  be  associated  with  appropriate  internal  treatment.  Fumigation  is  thus 
carried  out  ;  the  patient  is  seated  naked  on  a  wood-bottomed  chair  or  stool  and 
is  covered  with  a  cloak  made  of  some  thick  woollen  material  reaching  to  the  floor 
and  fastened  round  the  neck.  It  is  fitted  with  a  cane  hoop  to  keep  it  from 
touching  the  body.  A  lamp  consisting  of  a  circular  trough  to  contain  about 
one  ounce  of  water,  and  a  central  plate  for  the  mercurial  preparation,  is  used 
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for  producing  tlie  vapour.  The  water  must  be  made  to  boil  thorouglily 
before  the  mercury  is  put  on  the  plate.  It  is  then  immediately  put  under  the 
chair,  and  thus  the  patient's  body  will  be  steamed  for  a  minute  or  two  before 
the  mercury  begins  to  volatilize.  The  best  form  of  apparatus  is  that  known 
;is  Lee's  lamp,  but  in  the  absence  of  all  special  apparatus  fumigation  can  very 
easily  be  carried  out  by  means  of  two  spirit-lamps  and  two  metal  vessels,  one 
for  the  water  and  one  for  the  mercury,  the  patient  being  covered  with  a  thick 
blanket.  Various  forms  of  mercury  have  been  used,  but  the  two  best  seem  to 
be  the  bisulphuret  as  recommended  by  Langston  Parker,  in  doses  of  from  one 
to  two  drachms  at  each  bath,  and  calomel,  which  has  been  extensively  used  by 
Henry  Lee  in  doses  of  from  twenty  to  thirty  grains.  Whatever  form  of 
apparatus  be  used,  after  about  twenty  minutes,  when  the  whole  of  the  mercury 
will  have  been  volatilized,  the  patient  gets  into  bed  wearing  the  cloak  or 
blanket.  He  must  not  be  left  alone  during  the  bath,  as  he  may  become  faint. 
If  perspiration  does  not  begin  at  once  a  little  weak  hot  tea  may  be  given  to 
encourage  it. 

7.  Oeneral  management  of  a  patient  dm'ing  a  course  of  mercury. — The  patient 
should  be  made  to  understand  clearly  that  mercury  does  not  directly  cure  the 
disease,  but  only  aids  the  system  in  overcoming  and  eliminating  the  poison. 
Eegular  hours,  sufficient  exercise  in  the  open  air,  abundant  simple  food,  and 
the  avoidance  of  alcoholic  or  other  excesses  are  of  equal  importance  in  the 
management  of  a  case  of  syphilis  as  the  administration  of  mercury.  While 
the  patient  is  under  the  influence  of  mercury  the  skin  should  be  kept  in  a 
healthy  state  by  baths.  In  suimner  there  is  no  objection  to  a  morning  cold 
bath,  but  in  winter  some  warm  water  should  be  added  to  prevent  a  chill.  The 
patient  should  wear  flannel  next  his  skin  both  in  summer  and  winter.  A 
chill  during  a  course  of  mercury  may  cause  a  violent  attack  of  diarrhoea, 
sometimes  accompanied  by  much  griping  pain  and  vomiting.  The  diet 
should  be  plain,  and  anything  likely  to  irritate  the  bowels,  as  excess  of  fresh 
fruit  or  made  dishes,  should  be  avoided.  Beer  is  usually  not  to  be  recom- 
mended, as  it  is  apt  to  cause  purging.  Claret  is  perhaps  the  best  alcoholic 
drink  that  can  be  taken.  All  these  things  must,  however,  be  left,  to  a  certain 
€xtent,  to  the  common  sense  and  experience  of  the  patient.  Moderate 
exercise  is  of  the  greatest  value,  but  should  not  be  carried  to  the  extent 
of  fatigue. 

Other  Drugs  used  in  the  Treatment  of  Syphilis.— In  the  primary 
and  early  secondary  stages  of  syphilis  no  drug  but  mercury  can  be  said  to 
«xert  any  real  influence  on  the  disease  ;  but  in  the  later  secondary  and  tertiary 
stages  the  preparations  of  iodine  produce  effects  not  less  clearly  marked. 
Iodine  is  supposed  to  be  a  specific  in  a  minor  degree  to  mercury.  It  has  also 
been  proved  that  in  patients  who  have  undergone  a  course  of  mercurial 
treatment  iodine  liberates  the  mercury  which  may  have  become  stored  up  in 
the  body,  the  mercury  re-appearing  in  the  urine  and  other  secretions  on  the 
administration  of  the  drug.  The  effects  of  iodine  are  not,  however,  due  to 
this,  for  they  are  well  marked  in  patients  who  have  never  taken  any  mercury 
during  the  early  stages.  The  preparations  of  iodine  are  most  useful  in  the 
various  fornis  of  visceral  syphilis,  in  syphilitic  disease  of  the  nervous  centres, 
and  in  treatment  of  gummata  wherever  they  may  be  situated.  Useful  as 
iodide  of  potassium  is,  however,  T  do  not  believe  that  syphilis  can  be 
eradicated  from  the  system  by  means  of  it ;  indeed,  I  cannot  call  to  mind  a 
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single  case  presenting  marked  tertiary  symptoms  which  has  iDeen  pei-manenth- 
relieved  without  the  administration  of  mercury. 

Iodine  is  commonly  administered,  as  iodide  of  potassium,  in  doses  of  from 
five  to  twenty  or  even  thirty  grains.  It  is  often  conjoined  with  some  bitter 
infusion,  but  there  is  no  advantage  in  this  unless  the  patient  requires  a  tonic. 
A  most  convenient  mode  of  giving  iodide  of  potassium  is  the  following  : 
Put  one  ounce  of  the  iodide  into  a  two-ounce  bottle  and  fill  it  up  with 
water  ;  let  the  patient  take  eight  drops  of  the  solution  in  a  wineglass  of 
water  or  in  milk  three  times  a  day,  and  gradually  increase  the  dose  by  two 
drops  every  two  or  three  days  till  he  finds  by  the  symptoms  of  iodism  that  he 
has  reached  his  hmit.  An  intelligent  patient  will  soon  learn  to  regulate  his 
dose  without  the  necessity  of  constantly  applying  to  the  Surgeon.  The 
addition  of  a  few  drops  of  aromatic  spirit  of  ammonia  is  said  to  make  the 
iodide  more  active.  If  the  patient  is  anaemic  it  may  be  taken  in  conjunction 
with  the  iodide  of  iron. 

Iodide  of  Ammonium  can  sometimes  be  taken  by  patients  who  cannot 
tolerate  the  potassic  iodide.  It  may  be  given  in  doses  of  ten  grains  and 
upwards,  and  two  or  three  grains  of  carbonate  of  ammonia  must  be  added  to 
each  dose  to  prevent  the  decomposition  of  the  iodide. 

Iodide  of  Sodium  has  also  been  recommended  in  doses  of  five  grains  and 
upwards.    It  is  said  to  be  less  depressing  than  the  potassium  salt. 

In  whatever  way  iodine  is  administered  if  pushed  beyond  a  certain  point  it 
gives  rise  to  toxic  symptoms  known  as  "  iodism.'"  The  amount  of  the  drug 
required  to  produce  these  effects  varies  with  every  case.  The  symptoms 
resemble  a  bad  cold  in  the  head  ;  there  are  redness  of  the  eyes,  running  at 
the  nose,  and  frontal  headache.  Every  patient  who  is  taking  the  iodides  must 
be  warned  of  these  symptoms,  and  be  told  to  reduce  the  dose  immediately  they 
appear.  Prolonged  administration  of  iodides  not  unfrequently  gives  rise  to  a 
pustular  eruption  re^embUng  acne,  or  more  rarely  to  large  pustules  on  an  in- 
durated base,  which  dry  up,  leaving  a  scab  behind  them.  Pm-pura  and  albu- 
minuria have  also  been  attributed  to  its  influence. 

The  Sulphides  of  Calcium  and  Potassium  are  said  to  form  most  useful 
adjuvants  to  mercury,  promoting  its  action  and  preventing  its  accumulation  in 
the  system.  How  much  real  value  they  possess  is  still  uncertain.  The  Aix-la- 
Chapelle  treatment,  which  has  obtained  great  celebrity  for  the  cure  of  syphihs, 
consists  of  the  administration  of  mercury  by  inunction,  combined  with  the  use 
of  the  natural  hot  sulphur-waters,  both  for  bathing  and  drinking.  The  chief 
advantage  derived  in  most  cases  from  a  visit  to  Aix-la-Chapelle  arises  from 
the  fact  that  the  patient,  having  little  else  to  do  and  being  carefully  looked 
after  by  the  physicians  and  the  rubbers,  and  regularly  dieted  in  his  hotel, 
cannot  neglect  the  treatment  as  he  is  too  apt  to  do  at  home.  It  is  for  rich 
patients  who  are  not  taking  proper  care  of  themselves  that  a  visit  to  the  baths 
is  to  be  recommended.    A  course  lasts  from  six  to  seven  weeks. 

>&rsa7?an7/rd'ormer]y  enjoyed  a  great  reputation  in  the  treatment  of  syphilis, 
but  at  the  present  time  it  is  little  used.  It  may,  however,  be  given  in  the  late 
secondary  or  tertiary  stage,  especially  if  the  patient  have  fallen  into  a  cachectic 
state,  having  lost  flesh,  colour,  appetite,  and  spirits.  In  this  condition  of  the 
system  dilute  nitro-hydrochloric  acid,  in  doses  of  fifteen  to  twenty  minmis, 
with  half  an  ounce  of  the  liquid  extract  of  sarsaparilla  in  four  ounces  of  water, 
may  be  taken  three  times  a  day. 
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Cod-Jiver  Oil  is  often  of  great  use  when  there  has  been  considerable  loss  of 
flesh.    It  may  be  given  at  the  same  time  as  the  iodides  of  potassium  or  iron. 

Bittei-  Tonics  and  the  Preparations  of  Iron  are  frequently  useful  in  the 
tertiary  stage.  They  are  given  on  general  principles  after  or  in  the  intervals 
of  specific  treatment. 

LOCAL    SECONDABY   AND    TERTIARY   MANIFESTATIONS    OF  SYPHILIS. 

Local  Secondary  Affections.— We  shall  next  proceed  to  describe  the 
character  and  treatment  of  the  different  local  forms  in  which  constitutional 
syphilis  manifests  itself.  These  may  be  considered  as  they  affect  different 
tissues  and  organs,  and  require  separate  examination,  according  to  the  part 
that  is  influenced  by  them.  We  shall  consider  them  as  affecting  the  skin  ;  the 
mucous  membranes  of  the  mouth,  nose,  tongue,  palate,  and  larynx  ;  the  eye, 
bones,  testes,  muscles,  viscera,  and  nervous  system. 

1.  Syphilitic  Affections  of  tlie  Skin. — Syphilo-dermata  or  Syphilides 
present  various  modifications  of  appearance,  corresponding  closely  to  the 
different  groups  of  simple  cutaneous  diseases  ;  thus  we  find  exanthematous, 
papular,  squamous,  vesicular,  pustular,  and  tubercular  syphilitic  affections  of 
the  skin,  with  various  ulcers  and  growths.  These  differ  from  the  corresponding 
simple  cutaneous  diseases,  in  their  redness  being  more  dusky  or  coppery,  in 
leaving  stains  of  a  brownish  or  purpUsh  hue,  and  in  their  giving  rise  to  no 
itching  or  other  painful  sensations.  The  general  pathology  of  these  affections 
has  been  already  described  (p.  1124). 

Besides  this,  syphilis  may  modify  materially  the  general  character  of  the 
cuticle,  causing  it  to  assume  a  yellow  or  earthy  tint,  and  to  be  rough  or 
powdery. 

■   Syphilitic  skin  diseases  arrange  themselves  under  the  following  groups  i — ■■ 

Syphihtic  Roseola  consists  of  blotches  of  a  reddish-brown  or  coppery  tint, 
becoming  more  distinct  as  the  redness  declines  ;  they  vary  in  size  from  small 
circular  spots  to  large  and  diffused  patches,  and  are  usually  first  observed 
about  the  abdomen.  Syphilitic  roseola  is  the  most  constant,  and  the  earliest 
of  all  the  syphilitic  eruptions,  often  appearing  before  the  primary  sore  is 
healed.  It  usually  appears  about  seven  or  eight  weeks  after  infection,  and 
may  last  from  a  few  days  to  two  or  three  weeks.  It  is  very  frequently  accom- 
panied by  an  erythematous  redness  of  the  throat. 

The  Squamous  syphilide,  or  as  it  is  often  called  syphilitic  j^soriasis,  occurs 
in  small  patches  of  an  in-egular  shape,  of  a  dusky  red  colom-,  sometimes 
assuming  a  coppery  tint,  covered  with  thin  filmy  scales.  In  many  instances 
the  patches  are,  however,  quite  smooth,  so  as  to  have  a  glazed  and  almost 
shining  look.  They  are  usually  situated  on  the  inside  of  the  arms  and  thighs, 
often  on  the  scrotum  and  penis,  even  occurring  on  the  glans.  They  also 
frequently  appear  on  the  palms  and  soles,  where  deep  fissures  and  cracks  are 
met  with.  In  moist  parts,  as  in  the  folds  of  the  groin  in  fat  people,  at  the 
margin  of  the  anus  or  between  the  toes,  they  become  more  elevated  and 
merge  gradually  into  the  "mucous  tubercle"  or  fiat  condyloma  to  be  described 
hereafter.  About  the  lips  the  squamous  syphilide  gives  rise  to  deep  and 
troublesome  fissures.  It  differs  from  simple  psoriasis  in  its  showing  a  prefer- 
ence for  the  softer  and  moister  parts  of  the  skin,  whereas  the  simple  affection 
is  most  abundant  on  the  drier  parts,  as  on  the  back  of  the  elbow  or  the  fi-ont 
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of  the  knee.  The  scales  also  are  less  abundant.  Squamous  8y])hilide  fornih 
the  most  common  eruption,  after  the  roseola,  during  the  fii-st  year  of  syphilid, 
[t  is  often  associated  with  ulceration  of  the  tonsils  and  iritis  and  not  uncom- 
monly with  periostitis. 

Papular  Syphilide,  or  Syphilitic  lichen,  consists  of  small  hard  elc^•atious,  at 
first  red,  but  afterwards  becoming  dusky  or  brownish.  There  is  some  slight 
branny  desquamation  on  the  surface.  They  are  most  common  on  the  forehead 
and  shoulders,  and  last  about  three  weeks  before  fading. 

The  Vesicular  syphilide  is  of  very  rare  occurrence.  The  vesicles  vary  in 
size  from  a  pin's  head  to  a  pea.  They  soon  dry,  and  when  the  scales  so  formed 
separate  a  coppery  red  patch  is  left  beneath.  In  one  case  which  fell  under  my 
observation,  the  rash  appeared  in  the  form  of  clusters  of  small  pointed  vesicles, 
which  on  drying  left  grey  or  brownish  crusts  and  coppery  marks.  Many 
varieties  have  been  described  and  named  according  to  the  non-eyphilitic  skin 
affections  they  resemble,  as  eczematous,  herpetiform,  varioliform,  and  vari- 
ceUiform. 

Pustular  syphilides  occur  somewhat  rarely  in  the  early  stages,  but  are  more 
common  later  on.  The  early  pustular  syphilide  commences  as  a  small  vesicle 
which  soon  becomes  pustular.  It  then  dries  into  a  crust,  which  falls  ofi; 
leaving  an  elevated  coppery  spot  beneath.  It  is  merely  an  aggravation  of  the 
vesicular  eruption  and  leaves  no  ulceration  or  scar  behind  it.  Larger  pustules 
forming  slowly  with  a  dusky-red  or  coppery  areola  are  met  with  in  cachectic 
subjects,  forming  the  eruption  known  as  syphilitic  ecthyma.  The  pustules  dry. 
leaving  a  dark  flat  scab,  wliich  after  a  time  falls  off,  leaving  an  ulcer  whicli 
heals  slowly.    Ecthyma  is  most  common  on  the  limbs. 

In  the  late  secondary  or  in  the  tertiary  stage  in  debihtated  subjects,  the 
affection  known  as  ruina  is  not  uncommon.  It  seldom  occurs  before  the  end 
of  the  first  year,  and  may  be  met  with  as  long  as  the  syphilitic  taint  persists. 
Eupia  commences  as  a  bleb  which  rapidly  becomes  converted  into  a  large 
pustule,  surrounded  by  a  wide  brown  or  coppery  areola.  It  soon  dries  into  a 
circular  dark  brown  or  even  black  scab.  Beneath  this  ulceration  takes  place, 
and  the  crust  increases  in  thickness  from  the  drying  of  the  discharge,  while  at 
the  same  time  it  extends  at  its  circumference  ;  it  thus  comes  to  assume  a 
conical  form,  and  somewhat  resembles  a  limpet-shell  in  appearance.  After  its 
separation  a  troublesome  ulcer  of  a  circulai'  shape,  often  with  a  somewhat  foul 
surface,  is  left,  which  may  continue  to  sjiread  slowly.  This  disease  may  appeal- 
on  the  face,  but  is  especially  common  on  the  extremities.  It  is  always  in- 
dicative of  grave  constitutional  debility. 

Syphilitic  Tubercles  commonly  occur  as  an  advanced  or  tertiary  symptom  ; 
they  are  in  fact  gummata  of  the  cutis  vera.  They  appear  as  hard,  smooth, 
flat  elevations  of  a  reddish-brown  or  pur])lish  colour,  usually  arranged  in 
groups  of  single  tubercles  lying  closely  together.  They  are  seated  on  the  face 
or  extremities,  the  skin  covering  the  patella  and  the  ala  of  the  nose  being 
common  situations.  They  may  be  resolved  by  jiropcr  treatment,  but  have  a  ^ 
great  tendency  to  ulcerate  and  to  be  followed  by  slowly  s])rcading  serpiginous 
sores.  The  ulcerating  syphilitic  tubercle  forms  the  affection  known  as  syphi- 
litic lupus. 

SuhcAitaneous  syphilitic  f/ummata,  or,  as  they  have  been  called,  deep  syphilitic 
tubercles,  arise  in  the  tertiary  stage  of  syphilis  as  hard  indolent  masses  in  the 
subcutaneous  tissue,  usually  accomijanied  by  some  slight  \aching  pain  or 
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touderness.  They  may  Tarj  in  size  from  a  pea  to  a  walnut.  They  are  of  slow 
growth,  but  ultimately  become  adherent  to  the  skin,  which  then  assumes  a 
dusky  purple  tint.  If  unrelieved  by  treatment  the  gumma  softens  and  the 
skin  gives  way  over  it,  exposing  the  characteristic  adherent  slough  resembling 
wet  wash-leather.  This  slowly  separates,  leaving  a  deep  cavity.  Subcutaneous 
gumraata  may  occur  at  any  part  of  the  body ;  common  situations  are  the  back 
of  the  thigh  aud  the  upper  part  of  the  arm. 

Syphilitic  Boils  of  a  somewhat  chronic  character,  but  painful,  and  discharg- 
ing a  thin  ichorous  pus,  with  a  core  of  shreddy  areolar  tissue,  and  leaving 
deep,  irregular,  and  foul  ulcers,  are  sometimes  met  with. 

Syphilitic  Ulcers  are  superficial  and  deep.  The  superficial  ulcers  arise  from 
pustules,  ecthyma,  rupia,  superficial  tubercles,  or  boils.  In  some  cases,  espe- 
cially on  the  leg,  they  arise  like  simple  ulcers  from  some  slight  injury,  but 
assume  peculiar  features  in  consequence  of  the  syphilitic  taint.  Superficial 
syphilitic  ulcers  are  usually  characterized  by  their  multiplicity,  by  their 
appearing  in  parts  not  exposed  to  injury,  as  on  the  back  or  upper  part  of  the 
leg,  by  their  tendency  to  spread  at  one  edge  while  healing  at  the  other,  and 
thus  to  assume  a  crescentic  or  serpiginous  form,  and  by  their  unhealthy  grey 
surface.  They  leave  bluish  or  brownish  cicatrices,  often  thin  and  smooth,  and 
apt  to  break  open  again  on  slight  imtation.  The  deep  ulcers  arise  from 
softening  gumraata  as  above  described. 

The  Hair  during  the  first  year  of  syphilis  often  becomes  lustreless  and  dull, 
and  comes  out  in  large  quantities,  often  so  as  to  cause  baldness — syphilitic 
alopecia.  Occasionally  it  may  separate  in  patches.  The  baldness  is  not  per- 
manent ;  in  fact  it  resembles  the  fall  of  the  hair  so  often  noticed  in  erysipelas 
and  various  fevers. 

Diseases  of  the  Nails  are  common.  During  the  early  stages  the  nails  fre- 
quently become  brittle  and  irregular  in  growth.  A  more  serious  affection  is 
Syphilitic  Onychia  which  consists  in  a  chronic  inflammation  of  the  matrix, 
with  foetid  discharge  from  under  the  nail ;  the  end  of  the  affected  digit  is 
swollen,  purple  in  colour,  and  intensely  tender,  the  nail  becomes  black,  more 
or  less  bent,  and  scales  olf,  leaving  a  dirty  ulcerated  surface  exposed  beneath. 
One  nail  only  is  usually  affected. 

Ukeralion  letiveen  Uie  Toes  with  excessively  foul  discharge  and  much 
swelling  of  the  foot  is  not  an  uncommon  condition  in  syphilis.  It  apparently 
arises  from  the  formation  of  soft  fiat  growths  of  the  same  character  as  the 
mucous  tubercles  at  the  auus,  the  ulceration  being  due  to  the  irritating  secre- 
tion between  the  toes  and  want  of  cleanliness.  It  is  easily  recognized,  for  it 
may  be  taken  as  a  rule  that  all  ulcerations  between  the  toes  are  due  either  to 
syphilis  or  scabies.    The  ordinary  soft  corn  discharges  no  pus. 

The  Treatment  of  SyphilUic  affections  of  the  Shin  must  be  conducted  in 
accordance  with  the  general  principles  already  laid  down.  All  the  symmetrical 
eruptions  occurring  in  the  early  stages  of  the  disease  are  best  treated  by  the 
administration  of  mercury  according  to  the  rules  already  given.  The  tuber- 
cular eruptions  and  the  squamous  forms,  when  occurring  after  the  first  yeai; 
can  often  be  relieved  by  iodide  of  potassium,  especially  if  the  patient  has 
been  treated  with  mercury  in  the  earlier  period.  Donovan's  solution  is  often 
of  the  greatest  possible  value,  tlie  disease  rapidly  disappearing  under  its  use. 
The  same  plan  is  required  in  tlie  management  of  syphilitic  boils.  In  the 
]»ustular  forms,  syphilitic  rupia  and  ecthyma,  as  the  constitution  is  common] 
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shattered,  a  tonic  plan  of  treatment  is  required  in  the  first  instance  ;  after 
wliich  the  perchloride  of  mercury  Avith  tincture  and  decoction  of  cincliona,  or 
sarsaparilla  should  be  steadily  administered.  In  these  cases  also  much  benefit 
will  be  derived  from  mercurial  fumigation. 

In  most  cases  no  local  treatment  is  required  for  the  squamous  or  papular 
eruptions,  but  should  they  occur  on  the  face  the  patient  is  often  anxious  to 
hasten  their  disappearance.  For  this  purpose  dilute  white  precipitate  oint- 
ment, or  calomel  made  into  a  cream  with  olive-oil  and  lard,  may  be  applied. 
Marshall  recommends  the  application  of  a  10  per  cent,  solution  of  oleate  of 
mercury  with  some  morphia  added.  In  all  ulce^-atiwi  sypMlides  iodoform, 
either  applied  pure  or  made  into  an  ointment  with  vaseline,  will  be  found 
most  usefal.  In  deep  ulcerations  iodide  of  starch  ointment  often  produces  a 
good  effect.  If  these  fail,  yellow  wash  or  perchloride  of  mercury  in  the 
strength  of  two  grains  to  the  ounce,  diluted  with  water  if  it  cause  too  much 
pain,  will  often  arrest  the  spread  of  the  ulceration  and  hasten  its  healing.  It 
nothing  else  succeeds  it  may  be  necessary  to  cauterize  the  surface  with  fuming 

nitric  acid  or  the  acid  nitrate  of  mercury. 
In  syphilitic  alopecia  the  internal  admini- 
stration of  mercury  has  most  influence  in 
arresting  the  loss  of  hair ;  at  the  same 
time  a  stimulating  lotion  may  be  applied. 
B.  Hill  recommends  the  folloAving : — 
9>.  Tincture  of  Gantharids,  Solution  of 
Ammonia,  ;  Spirit  of  Rosemary,  ^i ; 

Glycerine,  ^ss.  ;  Eose  water  to  Bviij.  In 
$ll]]hiMk  onychia  the  nail  should  be  re- 
moved and  iodoform  applied.  Black  wash 
or  yellow  wash  is  sometimes  useful.  In 
ukerafio7is  between  the  toes  dilute  white 
precipitate  ointment,  with  a  small  quantity 
of  extract  of  belladonna  added,  is  the  best 
application. 

2.  Mucous  TuTjercles  and  Condylo- 
mata.— Mucous  tiihercles  are  flat  patches, 
seldom  more  than  half  an  inch  in  diameter, 
slightly  elevated,  soft,  and  papillary  on  the 
surface.  They  are  situated  in  moist  parts 
of  the  body,  very  commonly  on  muco- 
cutaneous surfaces,  as  the  anus,  labia,  and 
angles  of  the  mouth  ;  they  are  also  fre- 
quently met  with  on  mucous  surfaces,  as 
on  the  tongue,  tonsils,  palate,  and  larynx,  and  exactly  similar  gi-owths  are  found 
in  any  part  of  the  skin  that  is  kept  moist  by  the  natural  secretions,  and  not 
properly  cleaned,  as  between  the  scrotum  and  the  thigh,  in  the  fold  of  the 
groin  in  fat  people,  and  between  the  toes.  They  are  moistened  by  a  good 
deal  of  mucous  secretion  when  seated  on  mucous  membranes,  or  by  perspira- 
tion when  on  the  skin.  In  the  mouth  and  throat  they  are  usually  small  and 
not  so  distinctly  elevated,  but  rather  like  a  thickened  and  opaque  condition  of 
the  mucous  membrane  in  these  situations.  At  the  anus  they  sometimes  attain 
a  considerable  size,  so  as  to  project  a  quarter  to  half  an  inch  above  the  surface, 


Fig.  413.— Syjihilitic  Conclyloma,  showing  en- 
larged paiiillre  covered  with  a  thick  layer  of 
(jpitlielium. 
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and  it  is  then  that  they  are  commonly  termed  condylomata.  They  are  fre- 
quently mistaken  by  the  patient  for  piles.  They  consist  essentially  of  an  over- 
growth of  the  papillse  stimulated  in  part  by  the  irritation  of  dirt  or  unhealthy 
secretions.  They  are  common  in  conjunction  with  the  squamous  syphilide  on 
the  dryer  parts  of  the  skin,  and  every  gradation  can  sometimes  be  traced 
between  a  scaly  patch  to  a  mucous  tubercle,  according  to  the  moisture  of  the 
part  in  which  the  patch  is  situated.  They  are  met  with  most  commonly 
dm-ing  the  first  six  months  of  the  disease.  They  differ  from  the  venereal  warts 
already  described  (p.  1113),  not  only  in  their  flatter  form  and  less  marked 
papillary  structure,  but  in  being  dependent  on  a  constitutional  disease,  and  not 
on  local  causes  solely,  such  as  the  irritation  of  discharges  and  want  of  cleanli- 
ness. The  discharge  with  which  they  are  moistened  is  intensely  contagious, 
and  it  is  from  them,  when  situated  in  the  mouth,  that  the  disease  is  trans- 
mitted by  kissing,  or  by  means  of  drinking-vessels,  or  pipes,  and  from  infants 
to  their  nurses.  Their  Troxdment  must  be  constitutional  and  local.  The 
constitutional  treatment  is  merely  that  of  early  syphilis.  Locally  they  are 
best  treated  by  the  application  of  white  precipitate  ointment  when  seated  at 
the  anus  or  on  the  skin.  If  this  does  not  relieve  them  they  may  be  rubbed 
with  nitrate  of  silver  or  sulphate  of  copper.  In  the  mouth  the  application 
of  a  solution  of  perchloride  of  mercury  (gr.  ij  to  5!),  or  of  the  solid  nitrate 
of  silver,  is  the  best  treatment.  Not  being  pendulous,  they  do  not,  like  simple 
venereal  warts,  require  to  be  cut  off. 

3.  The  mucous  memliranes  of  the  mouth,  pharynx,  and  larynx  are  com- 
monly affected  with  secondary  syphilitic  eruptions,  which  assume  the  form 
of  mucous  tubercles,  and  of  the  exanthematous,  squamous,  and  ulcerating 
syphihdes ;  and  in  the  later  stages  of  the  disease  submucous  gummata  may  form. 

The  exanthematous  affection,  corresponding  to  the  roseolar  form  of  cutaneous 
syphilis,  and  arising  from  the  same  cause  and  in  the  same  constitution,  prin- 
cipally affects  the  palate  and  throat.  The  tubercular  variety  corresponds  to 
the  squamous  cutaneous  eruptions,  and  is  met  with  chiefly  as  flat,  hard,  and 
elevated  tubercles  in  the  interior  of  the  mouth,  nose,  and  throat.  The 
ulcerative  affection  of  the  mucous  membranes  assumes  a  variety  of  forms, 
which  will  immediately  be  described,  and  occurs  principally  in  the  throat  and 
nose.  The  exanthematous  affection  of  the  mucous  membrane  is  usually  an 
early  sign  of  constitutional  syphilis,  frequently  showing  itself  a  few  weeks 
after  the  primary  occurrence  of  the  disease.  The  other  varieties  belong  to  the 
more  advanced  secondary  and  tertiary  periods.  Contractions  of  various  mucous 
canals  often  occur  as  the  result  of  syphilitic  affections,  the  narrowing  being 
due  to  firm,  fibrous  bands,  often  excessively  dense  in  structure.  These  are 
often  merely  cicatricial,  formed  on  the  healing  of  syphilitic  ulcerations.  In 
other  cases  they  seem  out  of  all  proportion  to  the  extent  of  the  destruction  by 
ulceration,  and  would  appear  then  to  be  due  to  diffuse  fibroid  induration  of 
the  submucous  tissue,  followed  by  contraction.  They  are  most  frequently  met 
with  in  the  rectum,  vagina,  and  pharynx. 

The  syphilitic  affections  of  the  mucous  membranes  are  most  conveniently 
considered  according  as  they  affect  distinct  organs  or  parts  of  the  body. 

The  Lips  are  commonly  affected  in  persons  labouring  under  squamous 
syphilide,  with  fissures  or  cracks  usually  somewhat  indurated,  and  very  painful 
in  the  movement  of  these  parts.  In  the  Treatment,  the  application  of  a  pointed 
piece  of  nitrate  of  silver  to  the  bottom  of  the  crack  will  give  the  most  effectual 
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relief.  The  insides  of  the  cheeks  are  not  unfrequently  affected  iu  a  similar 
luanuer,  or  become  the  seat  of  mucous  tubercles,  which  muKt  |je  treated  as  ha« 
already  been  stated. 

The  TomjuG  may  be  affected  in  various  ways  :  when  severely,  its  disease 
usually  constitutes  one  of  the  tertiary  manifestations  of  syphilis. 

In  the  early  period  of  the  secondary  stage  of  syphilis,  small  papules,  similar 
to  those  on  the  skin  may  a])i)ear.  They  are  of  little  importance,  and  cause  no 
inconvenience.  Daring  the  second  half  of  the  first  year  of  syphilis,  and  often 
at  a  later  period,  small  superficial  ulcers  on  the  sides  of  the  tongue,  having  an 
irregular  or  oval  outline,  and  a  grey  surface,  are  not  uncommon.  They  cause 
considerable  discomfort.  They  are  best  treated  by  being  touched  twice  a  day 
with  a  solution  of  perchloride  of  mercury  (gr.  ij  to  3]).  The  surftice  must  be 
previously  dried  with  a  handkerchief.  Solid  nitrate  of  silver  is  often  as  eflB- 
cacious.  Another  form  of  late  secondary  manifestation  on  the  tongue  is  a 
small  fissure,  or  crack,  at  one  side,  surrounded  by  a  zone  of  thickened  epithe- 
lium, which  gives  the  macous  membrane  at  the  affected  spot  an  opaque  blue 
tint.  These  ulcers  require  the  same  treatment  as  those  just  described.  Mucous 
tubercles  are  not  uncommon  on  the  tongue,  but  are  less  frequent  than  on  the 
lips  or  cheek. 

At  a  later  period  the  dorsal  surface  of  the  tongue,  usually  only  in  its 
anterior  half,  undergoes  a  chronic  change.  The  epithelium  becomes  opaque^ 
■\vhite,  and  thickened,  sometimes  in  patches,  sometimes  uniformly,  and  if  the 
tongue  be  dried  and  then  examined,  it  will  be  observed  that  the  papilla  in 
the  affected  area  have  disappeared,  the  surface  being  almost  smooth.  The 
disease  is  a  chronic  inflammation  affecting  the  corium  of  the  mucous  mem- 
brane, and  the  submucous  tissue,  with  overgrowth  of  the  epithelium  covering 
the  affected  part.  It  has  received  various  names,  according  to  the  appeai-ance 
produced  :  when  the  surface  is  smooth,  and  bluish  in  tint,  it  is  spoken  of  as 
the  "  smooth  tongue^''  or  chronic  siojjcrflcial  glossitis ;  when  the  opacity  is 
greater  it  has  been  called  psoriasis  of  the  iongvc ;  and  when  the  epithelium 
is  heaped  up  so  as  to  form  scales,  the  term  icthyosis  lingim  has  been 
applied  to  it.  These  conditions  most  frequently  result  from  syphilis,  but 
cases  are  often  met  with  in  which  no  history  of  the  disease  can  be  obtained  ; 
they  are  permanent,  the  normal  pajtillary  condition  of  the  tongue  never 
being  regained.  Simple  ulceration  is  not  uncommon  in  the  opaque  patches, 
and  in  later  life  epithelioma  fi'equently  attacks  the  diseased  mucous  membrane. 
The  treatment  of  this  condition  is  very  unsatisfactory.  Perchloride  of  mercury 
lotions  are  often  of  use.  Internally  iodide  of  potassium  produces  most  effect. 
If  it  fails,  and  the  patient  is  in  a  state  to  stand  it,  a  course  of  mercury  may 
be  tried. 

The  tongue  is  aflccted  also  in  some  cases  by  diffuse  overgrowth  of  its 
connective  tissue,  occurring  in  patches  and  extending  dee])ly  into  its  substance 
from  the  mucous  surface.  More  commonly  it  is  the  seat  of  gummata.  These 
form,  as  a  rule,  in  the  muscular  substance  of  the  organ,  and  sometimes  in 
the  fibrous  septum.  They  form  indolent  tumours,  gradually  reaching  the 
mucous  membrane,  and  im])licating  it.  They  run  the  usual  course  of 
gummata,  and  when  they  soften  and  open  on  the  surface,  leave  deep,  foul 
ulcers,  which  may  be  Jnistaken  for  epithelial  cancer.  The  diagnosis  of  these 
affections,  and  their  treatment,  will  be  more  fully  considered  under  the 
diseases  of  the  tongue. 


SYPHILITIC  AFFECTIONS  OF  THE  THROAT.  1147 


The  syphilitic  diseases  of  the  Throat  are  amongst  the  most  common 
manifestations  of  constitutional  syphilis,  and  frequently  occur  early.  They 
present  three  chief  forms,  occurring  in  the  early  secondary,  the  later  secondary, 
and  the  tertiary  stages  of  the  disease. 

The  early  secondary  eruption  is  a  deep  red  exanthematous  eflflorescence  of 
the  soft  palate  and  pillars  of  the  fauces,  either  without  ulceration  or  with 
but  superficial  abrasion.  It  occurs  about  the  period  of  the  invasion  of  the 
roseola  and  requires  no  special  treatment.  In  the  later  secondary  period^ 
corresponding  to  that  at  which  the  squamous  and  papular  eruptions  appear  on 
the  skin,  ulceration  of  the  tonsils  is  very  common.  It  appears  first  as  white 
patches  and  mucous  tubercles,  in  the  centre  of  which  the  ulceration  com- 
mences. The  ulcers  have  sharply  cut  edges,  often  somewhat  undermined. 
Superficial  mucous  patches  may  surround  the  ulcer,  and  extend  on  to  the  soft 
palate  and  pillars  of  the  fauces.  These  ulcerations  give  little  or  no  pain  in 
most  cases,  and  never  cause  any  serious  destruction  of  the  mucous  membrane. 
They  require  the  ordinary  treatment  of  constitutional  syphilis,  and  locally  may 
be  occasionally  touched  with  the  perchloride  of  mercury  solution  (gr.  ij  to 
or  with  nitrate  of  silver. 

The  tertiary  ulcerations  of  the  pharynx  are  far  more  serious.  They  seldom 
occur  till  three  or  more  years  after  infection,  and  then  only  in  patients  in  a 
debilitated  state  of  health.  The  ulcers  commence  by  a  gummatous  infiltration 
of  the  mucous  membrane,  similar  in  character  to  the  tubercular  syphilides  of 
the  skin.  This  breaks  down,  and  a  serpiginous  ulceration  starts  from  the 
affected  spot,  and  may  spread  widely  and  rapidly.  The  ulcer  has  an  irregular 
form  and  a  foul  grey  surface,  and  may  destroy  in  a  few  weeks  a  great  part  of 
the  pillars  of  the  fauces  or  of  the  soft  palate.  When  the  soft  palate  is. 
destroyed,  there  is  usually  considerable  difficulty  in  deglutition,  and  speech 
becomes  altered.  This  form  of  ulceration  occurs  sometimes  simultaneously 
with  rupia  on  the  skin,  and  requires  the  same  constitutional  treatment.  The 
best  local  application  is  a  gargle,  composed  of  corrosive  sublimate,  gr.  iv  ; 
hydrochloric  acid,  ttl  viij  ;  and  water,  ^x.  If  the  patient  cannot  gargle,  or 
if  the  treatment  has  no  effect,  corrosive  sublimate  lotion  (gr.  ij  to  ^j)  may 
be  carefully  applied  with  a  camel's  hair  pencil.  Dusting  the  surface  with 
iodoform  often  produces  a  most  excellent  effect.  It  may  be  used  in  conjunction 
with  the  perchloride  lotion  or  gargle.  It  is  important  to  remember  that 
gargle  of  the  perchloride  of  mercury  cannot  be  safely  used  of  a  greater 
strength  than  a  quarter  to  half  a  grain  to  the  ounce  of  water  ;  stronger 
preparations  must  be  applied  with  a  brush. 

When  the  ulcers  heal  the  contraction  of  the  cic;atrices  may  give  rise  to 
stenosis  of  the  pharynx.  This  may  occur  in  three  situations :  1st,  between  the 
top  of  the  palate  and  the  posterior  wall  of  the  pharynx,  so  as  to  cut  off  the 
nasal  cavities  ;  2nd,  between  the  soft  palate,  the  walls  of  the  pharynx  and  the 
tongue,  and  yrd,  across  between  the  pharynx  and  the  posterior  wall  of  larynx. 
This  stenosis  is  probably  the  result  of  ulceration  of  the  opposite  mucous 
surfaces  ;  but  it  is  often  out  of  all  proportion  to  the  extent  of  the  ulceration. 
It  may  gradually  increase  until  the  contraction  becomes  so  great  that  deglu- 
tition becomes  seriously  impeded  and  respiration  is  carried  on  with  difficulty. 

In  the  second  and  third  forms  of  the  contraction  it  becomes  necessary, 
in  order  to  enable  the  patient  to  swallow  and  to  breathe,  to  dilate  the  opening. 
This,  if  it  be  not  too  tight,  may  Ije  done  by  simple  dilatation  by  means  of 
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bougies.  If  very  contracted,  its  edges  should  be  carefully  notched  before 
dilatation.  Before  doing  this  it  may  be  well  to  have  recourse  to  tracheotomy 
as  a  prophylactic  measure,  averting  all  danger  of  suffocation  and  spasmodic 
irritation  during  the  manipulations  in  the  pharynx. 

Syphilitic  ulcerations  have  been  described  as  occurring  also  in  the  CBSopJiagus 
and  leading  to  stricture  of  that  canal. 

The  mucous  membrane  of  the  larynx  is  not  unfrequently  affected  both  in 
early  and  in  advanced  syphilis.  The  aflFections  are  similar  to  those  of  the 
fauces  and  pharynx.  During  the  early  exanthematous  eruptions  there  may 
be  some  catarrh  with  hoarseness  and  slight  cough.  Later  on  flat  mucous 
tubercles  may  appear,  but  ulceration  is  rare.  They  disappear  under  treatment, 
leaving  no  ill  effects  behind.  In  the  tertiary  stage  the  most  extensive 
ulceration,  leading  to  destruction  of  the  epiglottis  and  vocal  cords,  with 
necrosis  of  the  cartilages  may  take  place.  There  is  usually  great  thickening  of 
the  arytEeno-epiglottidean  folds,  not  unfrequently  complicated  by  the  formation 
of  submucous  gummata.  If  the  patient  recover,  the  opening  of  the  glottis, 
may  be  so  far  closed  as  to  necessitate  tracheotomy,  and  the  use  of  a  tube  for 
the  remainder  of  life.  The  symptoms  and  treatment  are  more  fully  described 
with  Diseases  of  the  Larynx,  Vol.  II. 

^  The  Nose  is  commonly  affected  in  constitutional  syphilis,  and  often  destruc- 
tively so,  especially  in  individuals  much  exposed  to  changes  of  temperature, 
and  who  are  unable  to  pay  proper  attention  to  their  treatment.  The  mucous 
membrane  becomes  chronicaUy  thickened,  and  this  is  accompanied  by  discharge 
of  blood  and  pus,  coryza,  and  habitual  snuffling.  In  other  cases  ulceration 
takes  place,  with  a  very  foetid  odour  of  the  breath,  and  the  fonnation  of  thick 
ecthymatous  crusts  on  the  septum,  or  between  this  and  the  alse.  This  ulceration 
is  veiy  persistent  and  troublesome,  and  usually  requires  mercurial  treatment, 
with  the  local  apphcation  of  strong  nitric  acid,  or  of  the  acid  nitrate  of 
mercury,  to  arrest  its  progress.  In  many  cases  ulceration  will  rapidly  proceed 
to  destruction  and  perforation  of  the  septum,  or  necrosis  of  the  spongy 
bones,  the  vomer,  and  ethmoid  ;  sometimes  excavating  the  whole  of  the 
interior  of  the  nose,  hollowing  it  out  into  one  vast  chasm.  When  this 
happens,  the  nasal  bones  are  usually  flattened,  broken  down,  and  destroyed  ; 
the  alEe  and  columna  ulcerating  away,  and  producing  great  disfigurement. 
In  other  cases  the  hard  palate  is  affected,  and  perforation  takes  place  from 
the  nose  into  the  mouth.  Occasionally  the  disease  extends  to  the  bones  of 
the  base  of  the  skull,  and  in  this  way  may  occasion  impairment  of  vision, 
■epilepsy,  or  death.  Cerebral  symptoms,  however,  do  not  necessarily  occur 
when  the  base  of  the  skull  is  implicated.  In  1870  I  removed  the  whole  body 
of  the  sphenoid  fi-om  the  nasal  cavity  of  a  man  who  had  never  suffered  fi-om 
any  disturbance  of  the  cerebral  functions. 

The  Treatment  of  these  nasal  aflFections  must  be  conducted  in  accordance 
with  general  principles.  In  many  cases  mercurial  fumigation  is  extremely 
useful,  though  as  a  rule  iodide  of  potassium  has  more  effect.  Iodoform  sniffed 
up  the  nose,  either  pure,  or  diluted  with  nitrate  of  bismuth  or  starch  powder,  is 
more  efficient  than  any  other  application  in  neutralising  the  intolerable  stench 
that  proceeds  from  syphilitic  disease  of  the  bones  of  the  nose.  The  cavity 
must  also  be  washed  out  twice  a  day  by  means  of  a  nasal  douche.  When  loose, 
the  dead  bone  must  be  removed.    (See  Diseases  of  the  Nose,  Vol.  II.) 

The  mucous  membrane  of  the  rectum  is  frequently  affected  in  syphilis.  In 
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the  early  stages  of  the  disease  mucous  tubercles  are  common  at  the  anus. 
Small  superficial  ulcers,  similar  to  those  on  other  mucous  membranes,  may 
also  be  met  with.  These  are,  however,  not  of  serious  importance.  The 
tertiary  affections  of  the  rectum,  on  the  other  hand,  are  always  serious  and 
often  fatal.  They  occur  most  frequently  in  women.  Two  conditions  are 
usually  met  with  'together — fibroid  induration  of  the  coats  of  the  gut  and 
ulceration  of  the  mucous  membrane.  Submucous  gummata  are  very  rare. 
The  induration  of  the  coats  of  the  gut,  as  a  rule,  precedes  the  ulceration  ;  it 
commences  by  a  growth  of  imperfectly  developed  fibroid  tissue  in  the  sub- 
mucous tissue,  startmg  from  the  region  of  the  anus  and  extending  upwards. 
The  new  tissue,  as  it  develops,  contracts  hke  that  of  a  scar,  and  thus  the  wall 
of  the  gut  becomes  indurated  and  the  canal  narrowed.  In  the  later  stages  the 
fibroid  growth  extends  into  the  muscular  coat,  and  the  peritoneal  covering  may 
be  thickened  and  opaque.  The  thickening  of  the  submucous  tissue  interferes 
with  the  proper  vascular  supply  of  the  mucous  membrane,  and  ulceration 
follows.  The  ulcers  have  a  foul  gi-ey  floor  and  shghtly  raised  edges.  They 
may  slowly  perforate  the  gut  into  the  vagina  or  peritoneum  ;  but  general 
peritonitis  is  rare,  as  fi-om  the  slowness  of  the  process  firm  adhesions  to 
surrounding  parts  have  usually  formed  before  perforation  takes  place.  (See 
SyphiUtic  Stricture  of  the  Rectum,  Yol.  II.)  As  the  induration  of  the  coats 
of  the  gut  at  first  causes  but  little  inconvenience,  these  cases  seldom  come 
under  the  care  of  the  Surgeon  till  some  ulceration  has  taken  place.  In  some 
cases  serpiginous  ulceration  may  be  the  primary  change ;  but  these  are 
certainly  the  less  common. 

4.  Syphilitic  Iritis  usually  occurs  during  the  first  year  after  infection, 
and  often  in  people  who  are  otherwise  strong  and  healthy.  The  ordinary 
symptoms  of  iritis,  somewhat  modified,  characterize  the  affection.  The  patient 
complains  of  dimness  of  sight,  pain  in  the  eye,  and  often  of  very  severe  cir- 
cumorbital  or  hemicranial  pains.  On  examining  the  eye,  the  conjunctiva 
will  be  found  to  be  slightly  injected,  and  a  zone  of  pink  vessels  to  be  seated 
in  the  sclerotic,  close  to  the  cornea  ;  the  aqueous  humour  has  lost  its  trans- 
parency, giving  a  muddy  look  to  the  eye,  and  the  colour  of  the  iris  is  altered. 
The  pupil  is  diminished  in  size  and  irregular  in  shape,  usually  angular  towards 
the  nasal  side,  and  small  yellowish  or  brownish  nodules  of  lymph  may  be  seen 
on  the  surface  of  the  iris.  If  the  case  be  left  to  itself,  or  be  improperly 
treated,  it  may  advance  to  disorganization  of  the  globe,  and  to  permanent 
loss  of  sight.  The  retina  often  becomes  affected,  and  incurable  blindness 
results. 

The  Treatment  consists  in  local  depletion  by  means  of  cupping  and  leeches 
to  the  temples,  and  the  administration  of  calomel  and  opium  internally,  at  the 
same  time  that  a  strong  solution  of  atropine  is  put  frequently  into  the  eye. 
Most  commonly,  as  the  mouth  becomes  affected  by  the  mercurial,  the  eye  will 
clear,  the  lymph  becoming  absorbed,  and  the  pupil  regaining  its  normal  shape 
and  colour.  In  some  cases,  however,  a  chronic  inflammation  continues  ;  here 
the  best  effects  result  from  the  administration  of  smafl  doses  of  perchloride  of 
mercuiy,  with  repeated  blistering  to  the  temples  ;  and,  in  a  later  stage,  soda 
and  bark  may  be  advantageously  given. 

5.  SypMlitic  Diseases  of  the  Bones. — The  bones  are  liable  to  suffer 
both  the  secondary  and  tertiary  stages  of  syphilis. 

In  the  secondary  stage  aching  pains  in  the  bones  are  not  uncommon.  They 
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are  worse  at  night,  ar.d  may  be  unaccompanied  by  any  recognizable  change  of 
structure.  '  " 

The  characteristic  bone  diseases  of  sypliih's  are  usually  delayed  till  the 
tertiary  stage,  some  two  years  or  more  after  infection.  By  some  Surgeons  the 
graver  forms  are  said  to  be  the  result  of  the  administration  of  mercury,  rather 
than  of  the  syphilis  for  which  the  mineral  is  given.  This  doctrine  I  believe 
to  be  entirely  without  foundation.  That  they  are  met  with  in  syphilitic  cases 
in  which  no  mercury  has  been  given,  there  can  be  no  doubt.  I  have  had 
under  my  care  patients  with  extensive  disease  of  the  cranium  and  of  the 
clavicle,  whose  syphilis  had  been  treated  from  first  to  last  on  the  non- 
mercurial  plan.  One  patient,  especially,  a  soldier,  fi-om  whom  I  removed 
portions  of  the  cranium  and  of  the  clavicle  for  necrosis  accompanying  consti- 
tutional syphilis,  had  been  treated  in  a  military  hospital  without  mercmy. 
I  have  never  seen  or  heard  of  mercury  producing  necrosis  in  any  bones,  except 
those  of  the  jaws,  when  given  for  diseases  other  than  syphilis.  Xo  doubt 
diseases  of  the  bones  are  especially  apt  to  occur  when  the  patient's  constitution 
has  been  broken  down  by  any  means  ;  and  an  improperly  conducted  mercurial 
course  may  have  this  result.  They  occur  usually  after  the  patient  has  passed 
through  the  whole  course  of  the  less  severe  syphilitic  aflPections,  such  as  those 
of  the  skin,  mucous  membrane,  and  throat.  The  affections  of  the  bones, 
however,  may  in  some  cases  declare  themselves  at  the  same  time  as  the 
affections  of  the  skin  and  mucous  membranes.  They  more  commonly  occur 
amongst  the  poorer  classes,  especially  those  who  are  exposed  to  atmospheric 
vicissitudes,  and  chieiiy  in  strumous  constitutions. 

The  diseases  to  which  the  bones  are  hable  as  a  consequence  of  syphilis  are 
the  following  : — 

Syphilitic  Periostitis  or  Node. — This  consists  of  a  localized  inflammation 
■of  the  periosteum,  usually  affecting  one  bone  only,  but  sometimes  many.  The 
inflammation  is  accompanied  by  exudation  into  and  under  the  membrane  ; 
the  exudation  may  be  absorbed,  and  the  part  restored  to  its  normal  condition, 
but  more  commonly  it  is  partly  or  entirely  developed  into  new  bone,  and  thus 
a  permanent  thickening  may  remain.  In  the  early  stages  the  new^  bone  is 
soft  and  spongy,  and  is  sharply  se])arated  from  the  compact  bone  beneath, 
which,  beyond  some  slight  superficial  rarefaction  from  enlargement  of  the 
Haversian  canals,  shows  no  sign  of  .change.  As  time  goes  on,  however,  the 
new  bone  becomes  more  compact  till  at  last  it  seems  merely  a  part  of  the 
compact  tissues  which  may  at  the  affected  spot  be  a  little  denser  than  natural. 
Nodes  may  occur  on  almost  any  of  the  bones  ;  ljut  they  are  most  commonly 
met  with  on  the  tibia,  the  clavicle,  or  the  bones  of  the  forearm.  They  foi-ni 
■elongated,  uniform,  elastic  or  hard  swellings,  usually  tender  on  pressure,  and 
generally  but  little  painful  during  the  day  ;  bnt  at  night  the  aggravation  of 
pain  is  peculiarly  marked,  and  constitutes  pei'haps  the  most  distressing 
.symptom.  They  cause  no  redness  of  the  skin  and  have  no  tendency  to 
suppurate. 

Sclerosis  of  Bone. — This  corresponds  to  the  diffuse  overgrowth  of  fibroid 
tissue  in  other  parts.  It  usually  affects  one  of  the  long  bones  or  the  cranium. 
The  bone  becomes  increased  in  size  and  density.  The  new  osseous  tissue  is 
formed  on  the  sui-fiice  from  the  periosteum,  but  does  not  show  the  distinct 
separation  from  the  old  so  clearly  noticed  in  the  ordinary  node  ;  the  growth 
as,  moreover,  not  limited  as  in  a  node,  but  widely  diffused  as  through  the 
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whole  shaft  of  a  long  bone  or  throughout  the  vault  of  the  skull.  At  the 
same  time  that  new  bone  is  formed  on  tlie  surface  a  similar  change  may  occur 
internally  till  the  medullary  canal  becomes  gradually  filled  with  dense  new 
bone.  The  symptoms  of  this  affection  are  merely  the  steady  increase  in  size, 
with  obscure  aching  pains,  worse  at  night. 

Gummaia  of  Bone. — These  never  occur  as  the  sole  morbid  condition  ;  they 
are  always  associated  with  the  periosteal  node  or  with  sclerosis  of  the  sur- 
rounding bone.  They  most  commonly  form  sujievficially,  and  are  at  first 
indistinguishable  from  the  ordinary  node  ;  in  fact,  as  before  pointed  out,  the 
ffumma  in  its  commencement  is  identical  in  its  nature  with  the  diffuse 
syphilitic  overgrowth  of  fibroid  tissue,  differing  merely  in  its  localization  and 
intensity  and  in  its  tendency  to  fatty  degeneration  and  softening.  A  sub- 
periosteal gumma  runs  the  ordinary  course  of  such  growths  ;  if  unrelieved  by 
treatment  it  gradually  increases  in  size,  iipproachcs  the  skin  superficially, 
and  extends  into  the  bone  beneath  ;  finally,  it  softens,  the  skin  gives  way, 
the  slough  is  discharged,  and  a  deep  ulcer  is  left,  at  the  bottom  of  which 
spongy  ulcerating  bone  is  exposed.  This  forms  the  most  common  variety  of 
syphilitic  caries.  In  the  cranium  the  gumma  may  completely  perforate  the 
bone,  but  more  commonly  it  is  associated  with  great  sclerosis  of  the  vault  of 
the  skull,  the  thickened  bone  being  hollowed  out  and  worm-eaten  in  parts 
corresponding  to  the  situation  of  the  gummata.  Occasionally  the  gummata 
form  on  the  internal  aspect  of  the  skull,  and  may  give  rise  to  cerebral 
symptoms.  Gummata  of  bone  form  rounded  flattened  tumours,  growing  from 
the  bone  slowly,  with  some  aching  ]3ain,  usually  worse  at  night.  After  a 
time  they  soften,  and  may  then  resemble  abscesses.  However  soft  they  may 
become,  they  must  on  no  account  be  opened  ;  as  absorption  may  take  place 
even  after  distinct  fluctuation  is  present. 

Syphilitic  Necrosis  may  arise  in  various  ways.  In  the  vault  of  the  skull  it  is 
most  commonly  due  to  an  exaggeration  of  the  process  of  sclerosis,  by  which 
the  Haversian  canals  become  obliterated  to  such  an  extent  that  death  of  the 
bone  follows.  The  sequestra  thus  formed  are  often  of  considerable  size,  some- 
times reaching  that  of  the  palm  of  the  hand.  They  are  composed  of  dense 
hard  bone,  much  thicker  than  the  normal  skull,  and  always  more  or  less 
worm-eaten  on  the  surface.  This  appearance  is  due  to  the  previous  existence 
of  subperiosteal  gummata  which  have  softened  and  been  thrown  off.  The  skin 
of  the  scalp  having  been  implicated  in  the  gummata  is  destroyed  partly  by 
their  softening  and  partly  by  subsequent  ulceration,  so  that  the  surface  of  the 
sequestrum  is  usually  bare  and  exposed.  The  process  of  separation  is  very 
slow,  often  lasting  many  years.  Cerebral  symptoms  may  be  present,  but  are 
quite  as  often  absent.  Necrosis  of  the  bones  of  the  base  of  the  skull 
may  arise  in  the  same  way,  or  may  result  from  ulceration  of  the  mucous 
membrane  of  the  nasal  cavity  or  pharynx  by  which  they  are  in  many  parts 
thinly  covered.  The  tertiary  ulcerations  in  the  mouth  and  nose  also  may  be 
followed  by  necrosis  of  the  hard  palate,  of  the  turbinate  and  ethmoid  boiies  ; 
but  it  is  a  remarkable  fact  that  the  hard  palate  is  not  nearly  so  frequently 
affected  as  the  nasal  and  spongy  bones.  In  consequence  of  this  destruction 
of  bony  tissue,  the  nose  may  fall  in,  or  a  communication  may  be  established 
between  the  nose  and  the  mouth  through  the  hard  palate.  Syphilitic  necrosis 
may  also  affect  the  alveolar  processes  of  the  jaws.  It  is  very  uncommon  in 
the  long  bones. 
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SypMUtic  Caries,  or  ulceration  of  bone,  is  most  commonly  the  result  of  the 
softening  of  a  periosteal  gumma,  but  it  may  be  due  to  the  extension  of  a 
superficial  ulcer  to  the  bone  in  thinly  covered  parts.  The  caries  is  rarely 
uncomplicated  ;  usually,  the  sun-oundiug  compact  bone  is  sclerosed,  or  in  the 
neighbourhood  of  the  ulcer  there  may  be  a  considerable  formation  of  new  bone 
from  the  periosteum.  In  other  cases  the  process  is  a  combination  of  necrosis 
and  ulceration  ;  the  sequestra  being  surrounded  by  a  zone  of  ulceration  extend- 
ing a  considerable  distance  from  the  dead  bone  and  not  closely  limited  to  its 
edge,  as  in  the  process  of  separation  of  a  single  piece  of  dead  bone.  S}-philitic 
caries  is  most  common  in  the  skull,  but  it  is  met  with  also  in  other  parts. 
The  upper  part  of  the  sternum  is  not  an  uncommon  situation.  It  is  also  met 
with  in  the  extremities.  I  have  twice  seen  a  peculiar  form  of  caries  of  the 
cancellous  tissue  of  the  head  of  the  til^ia  in  old  syphilitic  cases.  In  both 
cases,  which  were  very  similar,  the  patients  had  been  affected  for  a  length  of 
time  with  nodes  of  the  tibia,  as  a  consequence  of  long  antecedent  syphilitic 
taint.  A  chi-onic  abscess  eventually  developed  over  the  head  of  the  bone, 
leading  to  a  carious  cavity.  I  exposed  this  and  gouged  the  diseased  bone 
away  ;  it  was  peculiarly  dry,  light,  and  almost  flocculent,  if  such  a  term  can  be 
applied  to  bone.  Both  patients  recovered  well  from  the  operation  ;  but  one 
of  them,  a  female,  died  two  years  afterwards  of  epilepsy,  consequent  on 
syphilitic  gummata  of  the  dura  mater. 

Both  in  acquired  and  hereditary  syphilis  the  bones  of  the  fingers  and  toes 
are  sometimes  attacked,  giving  rise  to  the  condition  known  as  syphilHic 
dactylitis.  It  most  commonly  assumes  the  form  of  gummatous  periostitis, 
often  followed  by  softening  of  the  new  tissue  and  necrosis  of  the  phalanx. 
The  affected  bones  are  much  enlarged. 

From  the  foregoing  description  it  will  be  seen  that  the  diseases  of  bones 
due  to  syphilis  are  all  modifications  of  the  same  process  which  characterizes 
the  disease  elsewhere  in  its  tertiary  stage,  namely  an  overgrowth  of  the  con- 
nective tissue,  the  new  tissue  accumulating  in  some  places  in  such  masses  as 
to  form  a  distinct  tumour,  the  gumma,  which  being  imperfectly  supplied  with 
blood  tends  to  degenerate.  The  node  and  the  uncomplicated  sclerosis  of  bone 
form  the  simplest  stage  of  the  process,  the  formation  of  gummata  is  the  next 
advance,  necrosis  is  an  accident  due  to  exaggeration  of  the  sclerosis,  or  to 
exposure  of  the  bone  from  softening  of  the  gummata,  and  caries  results  also 
from  the  latter  condition.  It  is  not  surprising,  therefore,  that  we  meet  with 
these  various  eflPects  combined  in  every  possible  way  ;  the  gumma  is  always 
surrounded  by  periostitis  with  or  without  the  formation  of  new  bone,  caries 
and  necrosis  occur  mixed  together,  and  new  gi'owth  and  destruction  may  go 
on  side  by  side. 

The  Constitutional  Treatment  of  syphilitic  diseases  of  the  bones  is  that 
already  recommended  for  the  tertiary  stage  of  the  disease.  Mercury  is  ad- 
missible only  if  the  patient  is  otherwise  in  good  health.  Usually  the  iodides  of 
potassium  or  sodium  give  the  desired  relief  when  administered  in  sufficiently 
large  doses.  Locally  the  treatment  varies  with  the  form  assumed  by  the 
disease.  The  simple  node  usually  requires  no  local  treatment.  If  it  is 
very  chronic  and  painful,  blisters  will  almost  always  give  relief.  If  these 
fail  and  the  case  proves  very  intractable,  and  especially  if  there  is  considerable 
formation  of  new  bone,  I  have  found  the  greatest  advantage  result  from 
cutting  down  upon  the  enlarged,  thickened,  and  tender  bone,  and  by  means 
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of  a  Hey's  saw  making  a  deep  cut  into  it  about  one  and  a  half  or  two  inches 
in  length  parallel  to  its  axis,  and  down  to  the  medullary  canal.  By  this  opera- 
tion the  tension  is  at  once  relieved,  and  the  pain  effectually  and  permanently 
removed.  In  syphilitic  necrosis  the  necrosed  bone  should  be  separated  as  it 
becomes  loose,  the  local  irritation  depending  on  its  presence  then  subsiding. 
When  the  bone  has  fallen  into  a  carious  state,  the  unhealthy  surface  should  be 
thoroughly  scraped  with  a  sharp  spoon,  and  the  cavity  dressed  with  iodoform 
or  iodide  of  starch  ointment. 

Syphilitic  disease  of  Joints  are  not  of  frequent  occurrence.  Pains  in  the 
joints  are  not  uncommon  during  the  very  earliest  stages,  before  the  appearance 
of  the  eruptions ;  and  during  the  secondary  stage  some  slight  synovitis  has 
occasionally  been  observed,  apparently  due  to  the  disease,  but  these  conditions 
are  of  no  great  importance.  In  the  later  stages  the  joints  may  become  affected 
by  the  formation  of  gummata  in  the  capsule  or  in  surrounding  structures,  but 
this  is  not  common.  The  articular  ends  of  the  bones  are  less  liable  than 
other  parts  to  syphilitic  disease  in  the  adult. 

7.  Syphilitic  disease  of  the  Muscles  and  Tendons  has  been  described  by 
Bouisson  and  others.  These  structures  are  not  uafrequently  affected,  but  less 
often  than  the  bones.  In  the  muscles  diffuse  sclerosis  has  been  described,  but 
it  is  exceedingly  rare.  Gummata  are  much  more  common  ;  they  form  ill- 
defined  tumours  in  the  substance  of  the  muscle,  growing  slowly,  with  some 
aching  pain  and  teaderness.    They  are  less  prone  to  soften  than  similar 

rowths  m  more  superficial  structures.  Elongated  tumours  resemblino-  nodes 
have  been  described  as  affecting  the  tendoas,  and  gummata  are  occasionally 
observed  m  their  substance.  They  resemble  similar  growths  elsewhere,  and 
are  best  treated  by  iodide  of  potassium. 

8.  Syphilitic  disease  of  the  Testicle.— This  assumes  two  forms— the 
diffuse  overgrowth  of  the  inter-tubular  connective  tissue,  and  the  formation 
of  gummata.  These  diseases  affect  the  body  of  the  gland,  and  are  always  met 
with  as  tertiary  phenomena.  The  symptoms,  pathological  appearances,  and 
treatment,  are  fully  described  with  diseases  of  the  testicle,  Vol.  II. 

_  9.  Syphilitic  Ovaritis  is  a  disease  that  I  believe  I  have  on  several  occa- 
sions met  with.  The  history  of  the  cases  has  been  uniformly  as  follows  •  an 
attack  of  syphilis  long  before  ;  various  constitutional  symptoms  running  throuo-h 
secondary  and  tertiary  stages  ;  inflammatory  congestion  of  one  ovary  Is 
determined  by  vaginal  and  rectal  exploration  ;  eventual  cure  by  means  of 
leeching  and  the  perchloride  of  mercury  and  bark  or  iodide  of  potassium  — 
m  fact,  a  condition  of  things  closely  resembling  what  occurs  in  syphilitic 
disease  of  the  testicle. 

_  10.  Visceral  Syphilis.-Our  knowledge  of  the  syphilitic  diseases  of 
mternal  organs  is  of  modern  origin.  "Visceral  Syphilis  "  was  not  only  unknown 
to,  but  unsuspected  by,  so  acute  an  observer  as  John  Hunter,  and  the  syphilo- 
graphers  of  the  early  part  of  this  century  make  no  mention  of  it.  To  Dittrich 
Lancereaux,  Wilks.  Bristowe,  and  Moxon  we  are  indebted  for  the  establishment 
of  the  fact  that,  after  external  manifestations  of  syphilis  have  in  a  -reat 
measure,  it  not  entirely,  disappeared,  and  the  disease  has  entered  its  tertiarv 
stage,  gummata  may  form  in  most,  if  not  in  all,  the  internal  organs  pro- 
ducing serious  functional  disturbance,  and  leading  to  organic  chano-es  of  the 
most  extensive  and  fatal  character.  ^.nan^es  ot  the 

It^may  now  be  taken  as  a  fact  incontestably  established  by  numerous  patho- 

4  K 


IIS4 


VENEREAL  DISEASES. 


logical  observations,  that  there  are  few,  if  any,  organs  that  escape  the  ravages 
of  syphilis  ;  and  although  there  may  be  a  doubt  whether  some  of  the  forms  of 
disease  met  with  in  certain  organs,  as  the  liver,  lungs,  and  spleen,  and  described 
as  syphiUtic,  may  not  in  reality  be  due  to  non-specific  disease,  to  which,  as  well 
as  syphilis,  they  are  common,  there  can  be  no  doubt  of  the  fact,  that  when 
gummata  are  met  with  in  internal  organs,  the  syphilitic  nature  of  the  disease 
is  established. 

The  general  pathological  characters  of  the  changes  in  the  viscera  and  in  the 
arteries  have  already  been  described  (p.  1126).  The  complete  description  of 
the  visceral  aflPections  belongs  rather  to  Medicine  than  Surgery,  and  it  will  be 
sufficient  here  briefly  to  indicate  their  nature. 

In  the  heart,  syphilitic  growths  have  been  found  on  the  endocardium,  less 
frequently  in  the  valves  ;  and  two  forms  of  myo -carditis  of  syphihtic  origin — 
one  circumscribed,  the  other  diffuse— have  been  described  by  Lancereaux. 

The  limgs,  liver,  and  spleen  are  all  liable  to  syphilitic  growths.  As  a  general 
rule,  they  may  appear  under  two  forms— either  as  gummata  or  as  a  diffuse 
interstitial  growth,  which  in  the  liver  may  simulate  cirrhosis,  and  in  the  lungs 
some  of  the  forms  of  "  fibroid  phthisis."  These  syphihtic  visceral  diseases  not 
unfrequently  run  a  fatal  course :  rarely,  however,  destroying  the  patient  before 
the  age  of  85  (Wilks).  The  diagnosis  of  the  specific  nature  of  the  affection 
must  always  be  open  to  doubt,  except  in  those  cases  in  which  the  history  of 
the  infection  has  been  continuous,  and  some  of  the  more  superficial  and  easily 
recognizable  syphilitic  affections  are  associated  with  the  visceral  forms  of  the 
disease.  So  far  as  treatment  is  concerned,  our  chief  reliance  must  be  placed  on 
iodide  of  potassium,  or  if  that  fail,  on  the  careful  administration  of  mercury. 

11.  Syphihtic  disease  of  the.  Mamma  is  of  extreme  rarity,  and  little  is 
definitely  known  about  it.  Gummata  have  been  described  by  Hennig  as 
having  been  observed  after  death  in  one  case. 

12.  There  is  no  more  distressing  form  of  syphilitic  disease  than  that  which 
affects  the  Nervous  System.  The  brain  and  spinal  cord  and  their  meninges, 
and  the  trunks  of  the  nerves,  are  all  liable  to  suffer. 

Syphilitic  affections  of  the  nervous  system  have  been  described  as  occurring 
during  the  first  year  after  infection,  but  such  cases  are  of  extreme  rarity  ;  as 
a  rule  they  do  not  manifest  themselves  till  after  the  end  of  the  second  year, 
and  they  may  appear  as  late  as  the  tenth,  or,  it  is  said,  even  the  twentieth. 
They  occur  at  all  ages,  and  are  not  uncommon  in  young  men.  I  have  often 
seen  syphilitic  disease  of  the  nervous  system  about  the  age  of  25  or  30. 
It  is  the  common  cause  of  paralysis  in  early  manhood.  The  development 
of  the  symptoms  may  follow  some  slight  accident— a  fall  upon  or  a  stram  ol 
the  back,  or  over-exertion  in  walking,  riding,  or  running.  The  primaiy 
disease  has  often  been  slight— the  secondary  symptoms  trivial ;  and  indeed  no 
great  importance  may  have  been  attached  to  the  venereal  mfection  until  tho 
manifestations  of  its  most  terrible  and  destructive  effects  on  the  bram  and 
cord.  In  other  cases  the  patient  may  be  suffering,  at  the  time  of  the  appear- 
ance of  the  nervous  symptoms,  from  severe  tertiary  affections,  such  as  ecthyma, 
rupia,  serpiginous  or  sloughing  ulceration  of  the  throat,  or  ])aiuful  nodes  on  the 
cranium,  vertebral  column,  or  long  bones.  Habitual  excess  in  alcoholic  stimu- 
lants forms  a  powerful  predisposing  cause  of  syphilitic  disease  of  the  nervous 
system. 

The  pathological  changes  in  the  nervous  system  are  of  the  same  character 
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as^  in  other  parts  of  the  body.  They  consist  of  chronic  inflammation,  with 
thickening  of  the  meninges  ;  overgrowth  and  induration  of  the  interstitial 
tissue  of  the  nervous  centres  and  nerves  ;  the  formation  of  gummata  ;  and  the 
obstructive  changes  in  the  arteries  ah-eady  described  (p.  1126).  Certain  chronic 
degenerative  diseases  of  the  cord,  especially  sclerosis  of  the  posterior  columns 
(locomotor  ataxy),  follow  syphilis  with  sufficient  frequency  to  justify  the  belief 
that  the  disease  may  stand  in  some  causal  relation  to  them. 

Syphilitic  disease  of  the  brain  declares  itself  by  two  chief  symptoms,  either 
separately  or  conjoined ;  viz.,  paralysis  and  epileptic  convulsions.  Before  these 
definite  signs  manifest  themselves,  various  premonitory  symptoms  may  have 
existed.  The  most  common  is  severe  pain  in  the  head,  usually  fixed  in  one 
spot,  often  worse  at  night ;  there  may  also  be  some  mental  disturbance  and 
want  of  sleep. 

Paralysis  from  syphilitic  disease  of  the  brain  usually  assumes  the  form 
of  hemiplegia.    It  may  be  preceded  by  paresis  of  special  parts,  as  of  one  limb 
or  group  of  muscles,  which  may  be  temporary  in  its  character.    The  nerves  of 
sensation  may  also  be  affected.     Special  cranial  nerves  may  suffer.  The 
third,  fourth,  sixth,  and  seventh  are  often  early  attacked,  giving  rise  to  ptosis, 
strabismus,  or  facial  palsy.    I  have  never  seen  the  fifth  nerve  paralysed  in 
syphilis,  but  cases  have  been  recorded  in  which  it  was  affected.  Oculo-motor 
paralysis  in  some  form,  on  the  other  hand,  is  very  frequently  the  result  of 
syphilis,  and  when  it  occurs  in  young  men  it  should,  however  passing  and 
slight,  always  attract  the  most  serious  attention,  as  it  is  often  the  precursor  of 
more  general  paralysis.    The  early  affection  of  the  nerves  that  lie  in  the  wall 
of  the  cavernous  sinus  is  probably  due  rather  to  syiDhilitic  thickening  of  the 
dura  mater,  with  which  they  are  in  such  close  relation,  than  to  an  affection  of 
the  substance  of  the  brain. 

If  the  patient  be  hemiplegic,  he  may  be  completely  so,  but  very  often  the 
paralysis  is  limited  to  one  limb,  or  may  be  irregular  in  its  degree  in  different 
parts.  It  IS  often  accompanied  by  rigidity.  These  differences  are  due  to  the 
situation  of  the  disease  in  the  brain.  Gummata  in  the  dura  mater  or  bone  in 
the  region  of  the  cortical  motor  centres  may  cause  ii-regular  paresis  or  complete 
paralysis  of  the  parts  corresponding  to  the  affected  centre.  Syphilitic  growths 
m  the  deeper  parts  of  the  brain  may  give  rise  to  complete  hemiplegia,  coming 
on  graduaUy,  and  occlusion  of  a  cerebral  artery  affected  with  the  changes 
ab-eady  described  as  occurring  in  syphilis,  may  lead  to  the  same  symptoms 
being  developed  suddenly.  Aneurisms  also  of  the  cerebral  arteries,  endino-  in 
rupture  with  the  ordinary  signs  of  apoplexy,  may  occur  as  the  consequence  of 
!  syphilis. 

Optk.  neuritis  is  very  common  in  syphilitic  disease  of  the  brain,  especially  in 
leases  of  very  chronic  meningitis,  or  when  gummata  are  present. 

Epileptic  seizures  are  common  in  syphilitic  affections  of  the  brain  They 
I  generally  result  from  chronic  thickeniug  of  the  dura  mater,  or  the  develop- 
iment  of  gummata  in  the  membranes  or  substance  of  the  brain  in  the  reo-ion  of 
I  the  cortical  motor  centres.    Gowers  states  that  they  "  differ  from  the  onlinary 
.convulsions  of  epilepsy,  especially  when  the  motor  zone  of  the  cortex  is  diseased 
J  in  the  deliberate  onset  of  at  least  some  of  the  attacks  ;  in  consciousness  being 
\  lost  late,  and  in  the  patient  being  aware  of  the  local  onset  of  the  convulsion! 
...  the  face,  hand,  or  foot.    In  other  cases,  probably  when  the  sensory  rather 
than  the  motor  region  is  diseased,  a  sensory  aura,  o^ten  involying  the  special 
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senses,  may  herald  the  fit."  According  to  Gowers,  syphilitic  epilepsy  is 
recognized  by  its  appearing  usually  at  an  age  when  the  idiopathic  disease 
seldom  commences,  by  the  headache  between  the  fits,  by  the  coincidence  of 
optic  neuritis,  and  often  of  local  paralytic  symptoms,  and  by  the  early  and 
often  progressive  mental  disturbance.  The  fits  are  often  of  a  very  violent 
character,  and  followed  by  coma.  But  dangerous  as  these  attacks  may  become, 
there  is  always  a  prospect  of  cure  by  proper  treatment,  although  in  some  cases 
the  fits  may  persist  even  after  there  is  every  reason  to  believe  that  the  syphilitic 
growth  which  originated  them  has  been  absorbed.  In  other  cases  again,  the 
mental  powers  undergo  gradual  deterioration,  delusions  manifest  themselves, 
and  the  patient  falls  into  a  state  of  semi-imbecility. 

There  is  truly  not  a  more  pitiable  object  to  be  seen  than  a  man,  young  or 
in  the  prime  of  hfe,  suffering  from  syphilitic  disease  of  the  nervous  centres— 
aflFected  by  ptosis,  with  one  eye  staring  and  immovable  or  squinting,  the  face 
distorted,  the  lip  dropped  and  saliva  dribbling,  defective  in  his  articulation, 
straddling  and  insecure  in  his  walk,  dragging  one  leg  behind  him,  at  tinies 
the  victim  of  the  most  frightful  epileptic  paroxyms,  often  covered  by  rupial 
sores— he  is  truly  a  fit  object  for  commiseration  rather  than  reproach. 

Syphilitic  disease  of  the  Spinal  Cord.— The  most  common  syphilitic 
lesions  of  the  cord  are  chronic  meningitis  and  the  development  of  gmmnata, 
which  arise  most  frequently  in  the  membranes,  but  sometimes  originate  in  the 
substance  of  the  cord  itself.  The  gummata  are  usually  small,  rarely  exceeding 
half  an  inch  in  diameter,  though  Wilks  has  recorded  a  case  in  which  the 
tumour  reached  the  size  of  a  large  filbert.  Most  commonly  only  one  gumma  is 
met  with,  but  cases  have  been  described  in  which  numerous  small  tumours  the 
size  of  millet-seeds  were  present.  When  the  disease  assumes  the  form  of 
meningitis,  there  is  usually  considerable  thickening  of  the  dura  mater,  but  the 
other  membranes  also  may  suffer,  and  the  superficial  parts  of  the  cord  be  im- 
pUcated.  The  roots  of  the  nerves  are  compressed  as  they  pass  through  the 
thickened  membranes.  The  disease  may  be  widely  diffused,  but  is  more  com- 
monly limited  in  extent,  the  region  of  the  lumbar  enlargement  being  speciaUy 
prone  to  be  affected. 

Syphilis  may  be  the  cause  also  of  disseminated  chronic  myelitis,  leading  to 
sclerosis,  and  Gowers  has  brought  forward  a  large  amount  of  evidence  to 
show  that  locomotor  ataxy  (sclerosis  of  the  posterior  columns)  may  have  its 
origin  in  this  way  ;  about  one-half  of  the  cases  of  this  disease  occur  in 
patients  who  have  suffered  from  constitutional  syphilis. 

The  Symptoms  of  syphilitic  disease  of  the  cord  supervene  gradually.  They 
are  pain  either  in  the  back  opposite  the  seat  of  disease,  or  referred  to  the 
parts  supplied  by  the  nerves  arising  from  the  affected  portion  of  the  cord. 
Various  affections  of  sensation  are  commonly  met  with ;  there  may  be 
numbness,  tingling,  or  "pins  and  needles,"  or  local  spots  of  hypera^sthesia  or 
anajsthesia.  Paralysis  of  one  limb  or  a  part  of  a  limb,  or  complete  paraplegia, 
may  form  a  prominent  symptom  Wasting  occurs  only  in  those  muscles 
which  are  paralysed  in  consequence  of  damage  to  the  part  of  the  cord  from 
which  their  nervous  supply  is  derived,  or  of  pressure  on  the  roots  of  the 
nerves.  Thus,  although  there  may  be  complete  paraplegia,  the  wasting  may 
affect  only  certain  groups  of  muscles.  The  reflex  function  of  the  cord  is 
abolished  in  the  diseased  part,  but  lower  down  it  may  be  increased  ;  thus  ui 
disease  in  the  dorsal  region  there  may  bo  exaggerated  reflex  movements  ui 
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the  lower  limbs.  Rigidity  of  muscles  is  common,  spasm  comparatively  rare. 
AYhen  the  paralysis  is  unilateral,  the  modifications  of  sensation  will  be  on  the 
same  side  as  those  of  motion  when  the  roots  of  the  nerves  are  affected,  but  on 
the  opposite  side  when  the  condition  is  due  to  the  growth  of  a  locahzed  tumour, 
either  in  the  substance  of  the  cord  or  in  its  membranes.  The  symptoms  may 
be  rendered  very  irregular  and  complex  by  the  co-existence  of  various  lesions, 
such  as  irregular  patches  of  chronic  meningitis,  or  a  gumma  combined  with 
meningitis,  or  more  than  one  gumma  in  different  parts  of  the  cord  ;  and  this 
irregularity  of  the  symptoms  may  be  still  further  increased  by  simultaneous 
disease  of  the  brain  and  its  membranes.  The  age  of  the  patient,  the  history 
of  syphilis,  and  the  irregularity  of  the  symptoms  often  render  the  diagnosis 
comparatively  easy. 

The  Nerves  are  comparatively  rarely  affected,  though  gummata  have  been 
met  with  growing  from  the  connective  tissue  fonning  their  sheaths.  These 
have  been  observed  almost  exclusively  in  the  cranial  nerves. 

In  the  Treatment  of  syphilitic  disease  of  the  central  nervous  system,  if  not 
too  far  advanced,  there  is  fortunately  much  to  be  done  for  the  patient's  relief, 
if  not  complete  cure.  Mercury  in  some  form,  more  especially  the  perchloride 
with  decoction  of  cinchona,  if  not  previously  fully  used,  should  have  a  fair 
trial.  Iodide  of  potassium  in  gradually  increasing  doses — up  to  fifteen  or 
twenty  grains,  three  times  a  day,  if  the  patient  can  stand  it — should  be  given 
at  once  in  those  cases  in  which  the  patient  has  already  had  a  full  course  of 
mercury,  or  which  the  constitutional  state  does  not  justify  the  administra- 
tion of  mercury  at  the  time  the  nervous  symptoms  set  in.  Counter-irritation 
by  means  of  blisters  or  setons  will  occasionally  be  found  useful.  The  epileptic 
convulsions  may  be  relieved  by  bromide  of  potassium  or  of  ammonium,  but 
these  must  not  be  given  to  the  exclusion  of  the  iodides.  Under  this  treatment 
cases  at  first  apparently  hopeless  may  rapidly  recover,  but  when  the  disease  is 
far  advanced,  with  the  formation  of  gummata  of  large  size,  the  prognosis 
becomes  very  bad. 

INFANTILE,  CONGENITAL,    OR   INHERITED  SYPHILIS. 

Chancres  on  the  labia  of  the  mother  may  possibly  infect  the  child  at  birth, 
just  as  they  may  inoculate  the  hand  of  the  accoucheur  ;  but  syphilis  thus 
contracted  by  the  infant  is  not  the  form  of  the  disease  that  is  described 
as  Infantile  Syphilis.  This  is  a  truly  hereditary  infection,  transmitted  to 
the  infant  at  the  time  of  its  conception,  or  communicated  to  it  through  the 
medium  of  the  mother  during  intra-uterine  hfe,  and  existing  as  a  constitu- 
tional affection  at  the  time  of  its  birth.  Though  we  may  believe  that  syphilis 
is  not  easily  eradicated  from  a  system  into  which  it  has  once  been  received,  and 
that  under  certain  conditions  it  may  readily  be  transmitted  to  the  offspring  ; 
yet  I  think  that  we  are  still  ignorant  of  the  amount  and  nature  of  the  consti- 
tutional affection  of  the  parents  that  are  necessary  for  the  development  of 
syphilis  in  their  children,  and  that  we  are  certainly  not  warranted  in  conclud- 
ing that  a  parent  who  has  been,  or  even  who  is  actually  affected  by  constitu- 
tional syphilis,  must  necessarily  have  a  syphilitic  family  ;  although  the  proba- 
bility undoubtedly  is  that  the  offspring  will  be  affected.  I  have  had  under 
my  observation  a  gentleman  whom  I  had  attended  for  secondary  syphilis,  and 
who,  contrary  to  my  advice,  married  some  years  ago  ;  and,  though  he  has 
since  then  sutfered  from  psoriasis  of  the  hands  mucous  tubercles,  fissures  on 
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the  lips  and  tongue,  and  syphilitic  disease  of  the  testicle,  yet  his  wife  has 
borne  a  perfectly  healthy  family,  not  only  without  any  syphilitic  taint,  but 
without  any  apparent  constitutional  cachexy. 

When  the  parents  are  syphilitic,  the  foetus  frequently  fails  to  arrive  at 
maturity.  This  may  be  due  to  disease  of  the  placenta,  or  of  the  umbilical 
cord,  or  to  the  direct  action  of  the  syphilitic  virus  on  the  ibctus  itself.  In 
the  placenta  extravasations  of  blood,  fatty  degeneration,  and  the  formation  of 
caseous,  and  occasionally  of  calcareous  masses,  are  the  most  common  abnormal 
conditions  observed.  In  the  cord  the  vessels  are  occasionally  found  to  have 
undergone  changes  identical  in  character  with  those  already  described  as 
taking  place  in  the  arteries  of  the  adult  (p.  1126).  The  foetus  itself  also 
shows  evidence  of  disease  in  the  great  majority  of  cases  in  which  it  perishes 
before  arriving  at  maturity,  or  is  born  dead  at  the  full  time.  Me  wis  states 
that  an  examination  of  ninety-two  syishilitic  foetuses  showed  the  sjileen  to  be 
diseased  in  seventy-two,  the  bones  in  sixty-four,  the  liver  in  fifty-six,  the 
pancreas  in  fourteen,  the  supra-renal  bodies  in  eleven,  the  lungs  in  three,  and 
the  skin  in  one  only.  In  consequence  of  these  diseases  of  the  placenta  aud 
the  foetus,  it  often  happens  that  early  abortion  or  miscarriage  takes  place. 
Many  consecutive  miscarriages  may  take  place  in  consequence  of  the  parents 
being  affected  with  constitutional  syphihs.  It  is  a  common  history  in  these 
cases  that  the  period  at  which  miscarriage  takes  place  becomes  later  in  each 
succeeding  pregnancy,  until  at  last,  perhaps  after  a  dead  foetus  has  been 
delivered  at  full  term,  a  living  child  may  be  born  bearing  evidence  of  inherited 
syphilis.  Such  a  history  is  very  characteristic  of  syphilis,  even  if  the  parents 
have  ceased  to  show  any  visible  signs  of  the  disease.  When  the  pai-ents  ai-e 
known  to  be  syphilitic,  if  they  be  treated  by  a  mercurial  com-se,  miscarriage 
can  frequently  be  prevented,  though  the  child  may  show  some  signs  of  the 
disease. 

The  offspring  of  syphilitic  parents  as  a  rule  develop  symptoms  i-esembling 
in  most  points  the  acquired  form  of  the  disease.  It  is  not  impossible, 
however,  that  the  taint  may  manifest  itself  by  an  impaired  or  depraved 
state  of  the  constitution,  and  that  syphilis  may  thus  be  a  predisposing  cause 
of  scrofula  or  rickets.  There  is,  however,  no  satisfactory  evidence  that  this 
is  the  case. 

The  Period  at  which  the  Symptoms  manifest  themselves  varies 
greatly.  As  a  rule,  a  syphilitic  child  when  born  alive,  though  often  small, 
badly  developed,  and  cachectic  in  its  appearance,  shows  no  definite  manifesta- 
tions of  the  disease  ;  but  in  the  course  of  a  few  weeks,  usually  from  two  to 
eight,  the  symptoms  declare  themselves.  Diday  and  De  Meric  have  collected 
a  large  number  of  cases,  in  most  of  which  the  signs  of  the  disease  developed 
in  the  fifth  or  sixth  week.  Many  betrayed  their  disorder  in  the  first  month  ; 
and  in  some  few  it  was  delayed  until  the  child  had  attained  tlie  age  of  three 
months.  The  earlier  the  disease  shows  itself,  the  more  fatal  are  its  effects. 
Children  who  manifest  no  symptoms  till  they  are  two  or  three  months  old, 
usually  recover  their  health  in  a  short  time. 

The  effects  of  inherited  syphilis  may  also  manifest  themselves,  even  at  the 
adult  age.  Hutchinson  believes  that  this  may  take  place  without  any  signs  of 
syphilis  during  infancy  ;  this  view,  however,  is  not  entertained  by  Berkeley  Hill, 
and  most  other  writers  on  the  disease.  They  assert  that  though  they  may 
have  been  slight,  some  symptoms  have  in  every  ca.se  been  present  during  the 
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early  months  of  life.  These  cases  are  rare,  and  the  following  which  fell  under 
my  own  observation  is  a  good  instance.  The  patient  was  a  young  woman, 
aged  seventeen,  who  was  covered  with  marked  syphilitic  psoriasis,  with  which 
she  had  been  affected  for  several  years.  The  mother  told  me  that,  shortly 
after  birth,  evidences  of  infantile  syphilis  had  appeared  ;  that  these  had 
yielded  to  treatment,  but  that,  as  the  period  of  puberty  approached,  the 
psoriasis,  which  was  truly  of  a  syphilitic  nature,  had  shown  itself. 

Symptoms. — The  symptoms  of  inherited  syphilis  are  sufficiently  well 
marked  in  most  cases,  consisting  principally  of  general  constitutional  dis- 
turbance, with  affections  of  the  skin,  mucous  membranes,  bones,  viscera,  and 
!eye,  which  more  or  less  closely  resemble  the  manifestations  of  acquired 
syphilis. 

Constitutional  Symptoms. — The  first  indication  is  often  the  atrophic  and 
cachectic  appearance  of  the  child  ;  this  not  unfrequently  shows  itself  at  birth, 
without  any  more  definite  signs  of  the  disease.  Such  children  are  often  small, 
shrivelled,  wan  and  wasted  when  born  ;  the  face  especially  has  an  aged  look, 
the  featui-es  being  pinched,  the  flesh  soft  and  flabby,  and  the  skin  loose  and 
wrinkled  ;  the  complexion  has  a  yellowish  or  earthy  tinge,  which  has  been 
•compared  to  that  of  cafe  au  lait.  These  appearances  are,  however,  by  no 
means  always  present.  Many  syphilitic  children  are  born  apparently  healthy 
and  fat ;  but  they  soon  emaciate  when  the  cutaneous  and  other  manifestations 
of  the  disease  make  their  appearance  a  few  weeks  after  birth.  In  slight  cases, 
however,  the  child  may  remain  fat  and  well-nourished,  though  anasmic, 
throughout  the  whole  course  of  the  symptoms. 

Local  Symptoms.- — In  the  great  majority  of  cases  the  most  marked  symptoms 
are  due  to  the  affections  of  the  skin  and  mucous  membranes.  As  in  acquired 
syphilis  the  first  appearance  may  be  a  roseolous  eruption  on  the  skin,  but  this 
is  of  short  duration,  and  seldom  clearly  marked.  The  earliest  marked  feature 
is  usually  the  appearance  of  mucous  tubercles.  These  form  at  the  angles  of  the 
lips,  in  the  cavity  of  the  mouth,  in  the  pharynx,  in  the  nose,  at  the  anus,  and 
wherever  the  skin  is  moist,  as  in  the  folds  of  the  groin,  and  between  the  scrotum 
and  thigh.  They  are  of  the  same  nature  and  appearance  as  those  met  with  in 
acquired  syphilis. 

The  affection  of  the  nose  is  amongst  the  most  constant  and  characteristic 
features  of  the  disease,  and  is  usually  the  earliest  local  sign  that  declares  itself. 
There  is  much  congestive  swelling  of  the  mucous  membrane,  with  a  secretion 
of  thick  yellow  offensive  mucus,  causing  the  child  to  make  a  peculiar  snuffling 
noise  in  breathing,  as  if  it  had  a  chronic  catarrh.  This  symptom  is  so  constant 
that  it  has  given  rise  to  the  popular  name  of  "  the  snuffles  "  which  is  applied 
to  congenital  syphilis.  The  degree  to  which  the  nose  is  affected  varies  con- 
siderably. In  the  mildest  cases  the  symptoms  merely  resemble  those  of  a  slight 
cold ;  in  the  most  extreme  forms  the  discharge  dries  into  scabs  at  the  nostrils, 
beneath  which  ulcers  may  form  ;  mucous  tubercles  develop  on  the  membrane, 
and  ulceration  may  follow,  leading  to  disease  of  the  bones,  with  flattening  of 
the  bridge  of  the  nose.  In  all  cases  free  l)reathing  through  the  nose  is  inter- 
fered with,  sucking  consequently  becomes  difficult,  and  the  trouble  in  feeding 
the  child  is  correspondingly  increased. 

The  mouth  is  similarly  aft'ected,  but  usually  in  a  less  degree.  Radiating 
fissures,  sometimes  extending  somewhat  deeply,  are  common  on  the  lips,  espe- 
cially at  the  [angles  of  the  mouth.    The  mucous  membrane  of  the  cheeks 
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and  tongue  is  coverecl(with  raucous  patches,  and  sometimes  with  supei-ficial 
ulcers. 

The  mucous  membrane  of  the  larynx  is  congested  and  swollen  in  most 
cases,  and  sometimes  actual  mucous  tubercles  may  be  formed  at  the  opening 
of  the  glottis.  The  laryngeal  affection  is  the  cause  of  the  hoarse  cry  which 
usually  forms  a  marked  feature  in  the  disease. 

The  Eruptions  on  the  Skin  are  usually  most  abundant  on  the  nates^ 
scrotum,  and  the  soles  of  the  feet ;  hence  in  examining  a  child,  supposed  to  be 
syphilitic,  these  parts  should  always  be  looked  at  first.  In  moist  situations  the 
eruptions  most  frequently  assume  the  form  of  smooth,  flat  mucous  tubercles, 
varying  in  size  from  a  pea  to  a  threepenny-piece  ;  they  are  slightly  elevated, 
and  covered  with  a  slimy  whitish  secretion.  Cracks  or  fissures  are  common 
at  the  anus  as  well  as  at  the  mouth.  In  the  drier  parts  the  eruption  is  often 
described  as  squamous,  though  it  is  not  really  scaly,  but  composed  of  smooth 
flat  patches  of  a  coppery  red  colour.  These  patches  are  often  well-marked  on 
the  soles  of  the  feet,  and  are  followed  by  peeling  of  the  cuticle. 

Papular  eruptions  are  not  common.  The  A^esicular,  or  buUous  eruption,  or 
pemphigus,  is  less  common  than  those  first  mentioned,  yet  I  have  frequently 
seen  it  in  syphilitic  children.  It  appears  in  the  form  of  vesicles  which  enlarge 
into  buUfB  about  the  size  of  a  split  pea,  with  a  dusky  coppery  areola ;  they  dry 
into  brown  scales  oi-  scabs,  and  commonly  occur  simultaneously  with  mucous 
tubercles  in  other  parts  of  the  body.  It  is  most  frequently  seen  on  the  soles 
of  the  feet,  and  is  not  met  with  in  children  except  in  syphilis, 

A  pustular  eruption  or  Ecthyma  is  also  occasionally  met  with.  The  pustules 
dry  early,  leaving  a  black  scab,  beneath  which  ulceration  may  take  place.  It 
is  met  with  only  in  very  feeble  children. 

Subcutaneous  gtimmata  are  met  with  occasionally  in  inherited  syphilis,  but 
seldom  before  the  second  year. 

The  Hair  very  commonly  is  thin,  and  is  often  lost  fi'om  the  posterior  and 
lateral  aspects  of  the  head.  The  Nails  are  seldom  affected,  but  may  be  brittle 
and  grow  irregularly. 

When  we  consider  the  influence  exercised  by  the  sy]5hilitic  poison  upon  the 
skin  and  its  appendages,  the  hair  and  nails,  we  should  a  priori  have  expected 
that  the  teeth,  being  developed  from  the  same  embryonic  layer,  would  par- 
ticipate in  the  morbid  processes  induced  by  it  in  the  allied  structures.  The 
fact  of  their  doing  so  does  not,  however,  appear  to  have  attracted  the  notice 
of  any  observer,  until  J.  Hutchinson  directed  the  attention  of  the  profession 
to  this  very  interesting  subject,  and  pointed  out  the  destructive  and  special 
effect  produced  upon  the  teeth  by  inherited  syphilis.  This  injurious 
influence  manifests  itself  both  in  the  temporary  and  in  the  permanent 
teeth  ;  but  with  its  specific  and  peculiar  characteristics  only  in  the 
permanent  set.  It  must  not,  however,  be  supposed  that  in  all  cases  of 
infantile  syphilis  the  teeth  are  affected  ;  indeed,  in  many  instances  they 
are  not,  and  it  has  been  particularly  ])ointcd  out  by  .1.  Hutchinson  that 
it  is  only  when  there  have  been  attacks  of  syphilitic  stomatitis,  that  we  are  to 
expect  to  meet  with  these  departures  from  their  normal  types  in  the  teeth. 

The  temporary  teeth  of  syphilitic  infajits  are  cut  early,  are  of  bad  colour, 
and  liable  to  a  crumbling  decay.  The  upper  central  incisors  usually  suffer 
early,  and  always  firat ;  then  the  lateral  ones  becomes  carious  and  drop  out ; 
and  lastly,  in  some  cases,  though  rarely,  the  canines  weai'  away  so  as  to  present 
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a  tusk-like  appearance.  la  consequence  of  the  early  decay  of  the  incisors, 
children  are  often  edentulous,  so  far  as  these  teeth  are  concerned,  from  an 
early  age,  until  the  permanent  ones  are  cut. 

The  2>ermane7it  teeth  present  the  more  marked  characteristics  of  an  inherited 
syphilitic  taint  ;  and  in  these,  as  in  the  temporary,  the  disease  declares  itself 
chiefly  in  the  central  incisors  of  the  upper  jaw.  These  will  be  observed  to  be 
usually  dwarfed,  too  short  and  too  nari'ow,  rounded  at  the  angles,  standing 
apart  with  interspaces  or  converging,  and  marked  by  a  deep  broad  notch. 


Pig.  •il4.-Syphilitic  Teeth  ia  a  boy  Fig.  416.— One  Central  Inci.soi-  Notched 

aged  12  years.  (Hutchinson). 


They  are  of  a  bad  colom-,  soft  and  crumbhng,  are  •  slender,  and  readily  wear 
down  (Figs.  414—416).  The  characteristic  features  are  the  dwarfing  and 
the  central  cleft  in  the  free  edge. 

The  Bones  are  very  frequently  affected  in  congenital  syphilis,  though  until 
recently  the  changes  that  take  place  had  been  partly  overlooked  and  partly 
confounded  with  rickets.  The  observations  of  Wegner,  Parrot,  Barlow,  and 
others,  have,  however,  clearly  established  the  fact  that  the  implication  of  the 
bones  is  second  in  frequency  only  to  that  of  the  skin. 

Parrot  states  that  the  affections  of  the  bones  in  hereditary  syphilis  assume 
two  principal  forms,  one  consisting  in  atrophy  of  the  pre-existing  structures, 
and  the  other  in  the  development  of  new  tissue.  The  Atrophic  form  he 
divides  into  two  varieties.  The  first,  to  which  he  applies  the  term  Gelaii7iiform, 
affects  equally  the  cranium  and  the  bones  of  the  extremities.  The  bone  is 
altered  in  colour,  varying  from  a  pale  red  or  rose  tint  to  different  shades  of 
yellow.  The  medulla  becomes  transparent,  and  is  at  last  reduced  to  a  network 
composed  of  vessels  and  delicate  fibrilte,  the  meshes  of  which  are  filled  with 
watery  fluid.  When  the  compact  tissue  is  invaded  it  becomes  rapidly 
decalcified  ;  the  lamellje  seem  to  melt  away,  and  large  spaces  appear  between 
them,  filled  with  a  gelatinous  substance  like  the  altered  medullary  tissue. 
The  second  variety  he  terms  chondro-cakareous  atrophy.  The  most  marked' 
feature  of  this  form  is  that  the  layer  of  calcified  cartilage  which  naturally 
exists  m  the  growing  line  between  the  shaft  and  the  epiphysis  assumes  an 
abnormal  thickness  and  loses  all  regularity  in  its  outline.     The  calcified 
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cartilage  cau  be  recognized  by  its  density,  brittlencss,  and  chalky  appearance. 
The  formation  of  this  brittle  tissue  renders  the  bone  liable  to  iracture,  and 
when  the  two  forms  of  atrophy  occur  simultaneously  this  result  is  almost 
C3rtain  to  take  place.  The  fracture  occurs  always  in  close  proximity  to  the 
epiphysis,  and  the  accident  is  not  unfrequently  followed  by  suppuration,  and 
from  the  close  proximity  to  the  joint  suppurative  arthritis  may  be  set  up. 
These  fractures  give  rise  to  symptoms  closely  resembling  paralysis  of  the 
affected  limb,  and  Parrot  has  applied  to  the  condition  the  name  of  s^jphiUtic 
pseudo-j)arahjsu:  The  limb  hangs  powerless,  and,  as  a  rale,  there  is  singularly 
Httle  pain,  but  the  muscles  respond  readily  to  the  faradic  cuiTent.  The 
looseness  of  the  epiphysis  can  sometimes  be  readily  recognized,  and  some  fine 
grating  crepitus  may  be  present. 

The  second  form  of  disease  of  the  bones  in  hereditary  syphilis,  to  which 
Parrot  applies  the  term  osteophytic,  is  much  more  common. 
This  also  he  divides  into  two  varieties,  according  to  the  density 
of  the  new  tissue.    "When  this  is  hard  and  bony  he  terms  it 
osteoid;  when  soft,  flbro- spongioid  or  rachitic.    The  osteoid 
form  of  growth  may  be  met  with  at  any  period  of  childhood, 
and  possibly  may  commence  before  birth  ;  the  rachitic  is  never 
met  with  before  the  fifth  or  sixth  month.    The  osteoid  growtli 
is  composed  of  trabeculag,  arranged  more  or  less  perpendicularly 
to  the  surface  of  the  bone,  separated  from  each  other  by 
medullary  tissue  ;  the  new  tissue  contains  large  quantities  of 
lime  salts.    It  differs  from  normal  bone  in  its  brittleness  and 
in  its  yellow  or  pink  colour.    In  the  rachitic  form  the  new 
tissue  is  almost  white,  pearly,  or  yellowish  in  colour.    It  is 
fibroid  in  structure  and  very  vascular.    Various  modifications 
between  these  two  forms  of  tissue  may  be  met  with.    Thus  the 
osteoid  tissue  may  be  arranged  in  several  layers,  or  spong}- 
tissue  may  be  found  covering  the  harder  tissue.  The  periosteum 
covering  the  new  growth  is  always  distinctly  thickened,  and 
adheres  firmly  to  it.    There  is  almost  always  a  distinct  line  of 
demarcation  between  the  new  tissue  and  the  healthy  bone 
beneath.    The  thickness  of  the  gi'owth  varies  from  one-tenth 
to  three-eighths  of  an  inch  on  the  long  bones,  but  it  may 
exceed  this  on  those  of  the  skull.    In  extreme  cases  almost  the 
whole  skeleton  may  be  affected,  but  more  commonly  the 
diseased  condition  is  met  with  only  in  certain  parts.  The 
most  common  situations  are  the  lower  end  of  the  humerus,  the  tibia,  the 
femui-,  and  the  ulna,  where,  unless  the  child  be  very  fat,  it  can  often  be 
recognized  during  life.    In  the  rachitic  form  the  long  bones  may  undergo 
modifications  in  form  from  bending  or  fractm-e,  as  in  rickets. 

The  bones  of  the  skull  present  changes  of  a  very  marked  character.  These 
most  commonly  consist  of  the  formation  of  "  bosses  "  of  new  bone,  from  the 
outer  table  on"ly,  around  the  anterior  fontanelle  and  along  the  line  of  the 
sagittal  and  interf'rontal  sutures.  Between  these  bosses  the  sutures  may  at 
first  form  distinct  sulci,  but  later  on  they  are  often  bridged  over,  and  premature 
union  may  take  place.  If  the  child  dies  the  bosses  will  be  found  to  bo  com- 
posed of  soft  bone,  very  red  in  tint,  sometimes  even  of  a  dark  maroon  colour. 
If  macerated  the  new  bone  is  porous  and  granular  in  structure,  and  is  often 
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deeply  grooved  by  vascular  channels.    There  is  little  if  any  thickening  of  the 
periosteum.    The  anterior  part  of  the  skull  may  reach  a  third  of  an  inch  or 
more  in  thickness.    The  effect  of  these  growths  is  to  give  the  forehead  the 
rounded  prominent  form  which  was  pointed  out  by  Hutchinson  many  years 
.ago  as  being  often  associated  with  other  signs  of  congenital  syphilis  in  later 
life.    Barlow  and  Lees  have  pointed  out  that  the  condition  known  as  cranio- 
icibes  is  also  met  with  in  syphilitic  infants.    In  this  the  bones  of  the  vault  of 
the  skull  become  extremely  thin  in  circumscribed  patches,  so  as  to  yield  to 
gentle  firm  pressure,  feeling  like  parchment  beneath  the  finger.    In  some  spots 
the  bony  material  may  entirely  disappeai-,  leaving  only  a  thin  membrane. 
These  spots  are  most  common  in  the  occipital  region,  where  the  bone  is  ex- 
posed to  direct  pressure  while  the  child  is  lying  on  its  back,  but  they  are  also 
met  with  in  the  parietal  bones.    The  bony  growths  are  met  with  at  any  time 
during  the  fii-st  two  years,  but  the  irregularity  they  give  rise  to  may  be  re- 
cognized at  any  age.    Cranio-tabes  occurs  at  an  early  period  during  the  first 
year  of  life.    Both  conditions  may  occur  in  the  same  skull.    In  addition  to 
the  above  diseases  of  the  bones  gummata  are  occasionally  met  with  in  the 
skull,  and  dactylitis,  similar  to  that  described  as  occurring  in  acquired  syphilis, 
is  not  uncommon.   Up  to  puberty  chronic  inflammation  of  various  long  bones, 
especially  of  the  tibia,  is  occasionally  met  with  in  syiDhilitic  subjects. 

Under  the  name  of  Chronic  Interstitial  Keratitis,  J.  Hutchinson  has 
described  a  disease  which  he  beheves  to  be  uniformly  due  to  hereditary  syphiHs. 
It  occurs  between  the  ages  of  5  and  18,  but  may  occur  much  earlier,  even 
dm-mg  the  first  year.  It  consists  at  first  of  a  hazy  condition  of  the  cornea, 
givmg  It  the  appearance  of  ground  glass,  followed  by  vascularization,  without 
any  tendency  to  ulceration.  The  opacity  commences  in  the  centre,  and  both 
«yes  are  usually  affected.  The  vascularity  is  not  confined  to  the  surface,  but 
seems  to  pervade  the  whole  thickuess  of  the  cornea.  One  eye  is  usuaUy 
affected  before  the  other.  Under  a  carefully  conducted  course  of  mercurials 
and  iodides,  accompanied  by  tonics  and  good  diet,  the  transparency  of  the 
cornea  can  usually  be  restored. 

_  Chronic  affections  of  the  Ear,  leading  to  deafness,  are  not  uncommon  in 
inhented  syphihs.  They  occur  sometimes  in  conjunction  with  interstitial 
keratitis  m  the  eye.    Their  pathology  is  not  yet  certainly  known. 

The  lymphatic  glands  show  no  special  morbid  conditions  resulting  from 
inherited  syphilis.  Affections  of  the  Viscera  in  congenital  syphilis  are  by 
no  means  uncommon.  They  assume  the  same  forms  as  in  the  adult,  namely, 
general  fibroid  induration  of  the  affected  organ  and  the  formation  of  gummata 
the  fonner  condition  being  the  more  common.  The  spleen  in  syphilitic 
children  is  in  most  cases  somewhat  enlarged  and  hard.  The  liver  is  affected 
next  m  order  of  fi-equency.  Syphilitic  disease  of  the  lung  is  met  with  only  in 
childi-en  born  dead,  or  dying  soon  after  birth. 

The  testicles  occasionally  present  a  uniform,  smooth,  hard,  painless  en- 
largement, afFectmg  the  body  of  the  gland,  and  corresponding  in  every  respect 
to  the  same  disease  in  the  adult. 

The  nervous  system  is  less  commonly  affected,  but  gummata  are  occasion- 
Jilly  met  witli  m  the  brain. 

Evidence  of  Congenital  Syphilis  in  later  childhood  or  adult  life  — 

ihe  taint  of  congenital  syj^hilis  may  manifest  itself  after  the  period  of  iufancv 
by  various  chronic  inflammations  of  bone,  by  diseases  of  the  eye,  and  occasion- 
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ally  of  the  viscera  ;  and  as  these  present,  as  a  rule,  no  very  definite  signs  of 
their  origin,  it  is  important  to  remember  the  points  by  which  the  nature  of 
the  case  may  be  established.    In  the  history  we  must  inquire  for  miscarriages 
before  the  birth  of  the  patient,  for  signs  of  syphilis  in  ))revious  children  born 
alive,  and  for  symptoms  of  the  disease  in  the  parents,  such  as  prolonged  sore 
throat,  eruptions  on  the  skin,  loss  of  hair,  and  pains  in  the  bones.  With 
regard  to  the  patient,  we  must  ask  the  period  at  Avhich  birth  took  place  : 
the  appearance  at  birth,  whether  fat  or  thin  ;  the  occm-rence  of  snufiBes  and 
sores  on  the  bottom.    In  examining  the  patient,  we  must  look  for  stunted 
growth  ;  a  flat  or  ill-developed  bridge  to  the  nose  ;  radiating  scars  at  the  angles 
of  the  mouth.    The  forehead  must  be  examined  for  bosses  in  the  region  of 
the  anterior  fontanelle,  and  the  humerus,  femur,  and  tibia  should  be  searched 
for  thickenings  or  want  of  symmetry  in  the  two  sides.    The  eye  also  should 
be  examined  for  interstitial  keratitis,  and  the  teeth  for  the  appearances  already 
described.    All  these  signs  are  seldom  present  together,  but  enough  to  enable 
the  Surgeon  to  come  to  a  correct  conclusion  will  always  be  found  in  any  case 
in  which  the  disease  has  been  sufiiciently  severe  to  affect  the  patient  after 
early  childhood. 

Prognosis. — If  the  child  is  born  with  signs  of  syphilis,  it  usually  dies. 
Emaciation  increases,  and  death  takes  place  either  directly  from  the  disease  or 
in  consequence  of  some  complication,  as  diarrhoea,  bronchitis,  or  pneumonia. 
If  the  child  is  born  apparently  fat  and  well,  the  prognosis  depends  much  on 
the  period  at  which  the  symptoms  appear  ;  the  later  the  appearance,  the  better 
the  prognosis.  Most  cases  recover  in  which  the  symptoms  do  not  manifest 
themselves  till  after  the  end  of  the  first  month. 

Treatment. — The  occurrence  of  syphilis  in  the  infant  may  be  prevented  by 
putting  the  infected  mother  on  a  mercurial  course  as  soon  as  her  pregnancy  is 
ascertained  ;  this  indeed  may  be  necessary  in  order  to  prevent  miscarriage, 
but  should  be  done  cautiously,  and  by  inunction  rather  than  by  mercury 
administered  by  the  mouth.  Should  repeated  miscarriages  have  occurred,  as 
the  consequence  of  constitutional  syphilis,  one  or  other,  or  both  of  the  parents, 
if  both  are  at  fault,  should  be  put  upon  a  mercurial  course  ;  and  thus  the 
recmTcnce  of  this  accident  may  be  prevented. 

The  Curative  Treatment  as  regards  the  child  is  extremely  simple.  It 
should  be  nursed  by  its  mother,  if  she  has  suflBcient  milk  and  is  in  good 
health.  If  this  is  impossible,  it  should  be  brought  up  by  hand,  and  must  not 
be  given  to  a  wet-nurse,  lest  it  infect  her.  (See  p.  1116.)  The  child  must 
then  be  put  under  the  influence  of  mercurj',  which  in  these  cases  produces  the 
most  unmistakeable  effects  ;  indeed,  the  ready  manner  in  which  all  disease 
may  be  eradicated  from  the  system  of  a  syphilitic  child  by  this  mineral,  is 
perhaps  one  of  the  strongest  proofs  that  can  be  adduced  of  the  specific 
character  of  its  action  on  the  venereal  poison.  The  mercury  may  be  given  by 
the  mouth  in  the  fonn  of  small  doses  of  grey  powder  ;  but,  as  it  often  purges 
the  child  when  administered  in  this  way.  Sir  Benjamin  Brodic  recommended 
its  introduction  into  the  system  by  inunction,  which  process  I  invariably 
employ,  and  have  found  it  a  most  successful  mode  of  treating  the  disease. 
The  most  convenient  plan  is,  as  recommended  by  Brodie,  to  spread  a  drachm 
of  mercurial  ointment  on  the  under  part  of  a  flannel  roller  stitched  round 
the  thigh  just  above  the  knee,  and  to  renew  this  evciy  day  after  the  child  has 
been  well  washed  in  a  hot  bath.    The  treatment  should  be  continued  until 
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all  rash  and  snuffling  have  disappeared,  when,  the  mercury  having  been 
discontinued,  the  cure  may  be  perfected  by  the  administration  of  small  doses 
of  iodide  of  potassium  in  milk  or  cod-liver  oil.  The  skin  must  be  kept  in  a 
healthy  state  by  a  hot  bath  every  day.  Occasionally  the  cutaneous  manifesta- 
tions of  infantile  syphilis  are  complicated  with,  and  obscured  by,  some  of  the 
common  diseases  of  the  skin  incident  to  early  childhood  ;  more  particularly 
with  eczema  impetiginodes  of  the  head,  face,  and  body.  In  these  circum- 
stances, the  diagnosis  may  not  be  easy,  though  the  history  of  the  case,  the 
concomitant  appearance  of  two  forms  of  the  disease,  and  the  existence  of 
snuffling  and  cachexy,  tend  to  establish  it.  The  eczema  also,  in  these  circum- 
stances, is  browner  and  more  squamous  than  usual.  In  cases  such  as  these, 
the  best  plan  is  to  treat  the  syphilitic  affection  first  with  the  mercurial 
inunction,  and  then  to  put  the  child  under  a  mild  course  of  the  liq.  arsenii 
et  hydrargyi-i  iodidi,  one  to  two  minims  for  a  dose,  keeping  it  at  the  same 
time  on  a  good  nourishing  diet. 
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Abdomen,  contusions  of,  874 
cysts  in,  after  injury,  891 
injuries  of,  874 

treatment  of,  878 
wounds  of,  879 

prognosis  of,  884 
ti-eatment  of,  885 
Abercrombie,  injuries  of  the  spine,  794,  795 
Abernetliy,  treatment  of  depressed  fracture, 
742 

method  of  ligaturing  arteries,  430 
valvular  opening  of  abscesses,  253 
Abiogeneais,  169 

Abscess  {abscedo,  I  go  away),  240 
acute,  240 

treatment  of,.  248 
antiseptic  treatment  of,  253 
aspirator  used  in,  245,  246,  252 
blood-vessels  affected  by,  244 
caustics  in,  252 
chronic,  215,  241,  248 

treatment  of,  252 — 255 
cold,  215,  241 

treatment  of,  248 
congestive,  243 
counter-opening  in,  25 1 
diagnosis  of,  244 

from  aneurism,  246 

from  encysted  sebaceous  tumours, 
1002 

from  tumours,  245 
diffuse,  241 
drainage  of,  249 — 251 
effects  of,  244 
emphysematous,  243 
formation  of,  240 
gravitation,  242 
haemorrhage  into,  256 
incision  into,  253 
injection  of,  253 
lymphatic,  243 
metastatic,  241,  979 
multilocular,  243 
phlegmonous,  240 
"pointing"  of,  240 
pressure-effects  of,  244 
prognosis  of,  246 
puerperal,  241 
pyaimic,  241,  979 
scrofulous,  1099 
secondary,  979 

subcutaneous  strumous,  1090 
situation  and  size  of,  243 
structure  of,  240 
subpectoral,  856 


Abscess — contimied, 
tapping  of,  252,  253 
time  of  opening,  248 
thecal,  963 
tubercular,  1089 
treatment  of,  247 

constitutional,  255 
tympanitic,  243 
varieties  of,  240 
Accidents  after  arterial  occlusion,  449 

in  reductions  of  old  dislocations, 
657,  679 

Accoucheurs,  syphilitic  infection  of,  1123 
Acetabulum,  fracture  of,  609 
Acids,  concenti-ated,  application  of,  in  cancer, 
1070 

in  putrefaction,  169 
Acinous  adenomata,  1029 
Aconite  in  inflammation,  193,  207 
Acromion,    dislocation  of,   from  clavicle. 
667 

fracture  of,  589 
Active  or  acute  inflammation,  150 
AcuPKE.ssuEE  {acics,  a  needle  ;  premo,  I 
press),  440,  441 

compared  with  ligature,  443 

condition  of  artery  after,  442 
Acute  abscess,  240 

treatment  of,  248 

cancer,  1040 

diff'use  meningitis,  776 

lepto-meningitis,  776 

inflammation.    See  Inflammation 
Adams,  W.,  mode  of  union  of  fractured 
patella,  631,  632 

rupture  of  cesopliagus,  852 
Addison,  W.,  migration  of  white  blood  cor- 
puscles, 150,  156 
Adenoid    {&5r]i',   a   gland  ;    eJSos,  shape), 
cancer,  1042,  1067 

tissue  of  His,  1023 
Adenoma  {&5riu,  a  gland),  1028 
Adeno-sarcomata,  1040 
Adhesions  in  joints  after  dislocation,  656 
Adhesion,  primary,  275 

secondary,  288 

of  wounded  arteries,  41 1 
Adhesive  inflammation,  175 

union  by,  275 
Adipose  tumours,  loio 
Aiirial  fistula,  839 

Age,    influence    of,  in    amputation,  78, 
81 

cancer,  1046,  1047 
dislocation,  649 
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infliionce  of,  in  fracture,  517 

of  neck  of  femur,  extracapsular, 
617 

intracapsular,  61 1 
gangrene,  459 
inflammation,  163 
laceration  of  the  brain,  763 
.syphilis,  1130 

union  of  fractured  bone,  568 
Agnew,  foreign  bodies  in  oesophagus,  854 
Ague,  diagnosis  from  pj'a^mia,  988 
Air.    Sec  Atmosphere 

exclusion  of,  in  treatment  of  wounds, 

314 

Air  in  Veins,  483 

cause  of,  485  {see  1078) 
effects  of,  484 

experiments  on  animals  regarding,  483 
spontaneous  entry  of,  484 
treatment  of,  curative,  487 
preventive,  486,  488 
AiR-TUBK,  foreign  bodies  in,  839 
statistics  of,  842 
prognosis  of,  842 
treatment  of,  843 
wounds  of,  836 
effects  of,  837 
Alanson,  amputation  by  triple  incision,  59 

surgical  hygiene,  14 
Albuminoid  degeneration,  239 
Albuminous  effusions,  157 

sarcoma,  1034 
Alcohol  as  an  antiseptic,  203 

in  excess  a  predisposing  cause  of  inflam- 
mation, 163 
with  chloroform  and  ether,  30 
Alkalies,  caustic,  use  of  iu  cancer,  107 1 
Allbutt  on  disturbance  of  vision  after  spinal 

injury,  803,  804,  805 
Alopecia  (aAcoTTTjf,  a  fox),  syphilitic,  1143 
in  infants,  1 160 
stimulating  lotion  for,  1144 
Aluminium  acetate  as  an  antiseptic,  203 
Alveolar  cancer,  1060 

sarcoma,  1036 
Amblyopia,  803 

Ammonia,  injection  of,  in  snake-bite,  365 
Amoeboid  movements  of  blood-corpuscles,  155 
of  pus-corpu.scles,  231 
Amputation  (amputo,  I  lop  off)  in  general, 

by  circular  method,  57 — 59 

by  modified  circular  method,  65 

closure  of  the  wound,  71 

conditions  affecting  result  of,  78 

for  disease  and  injury  compared,  85 

secondary   inflammations    iu  intcmal 

organs  after,  86 
dressing  after,  72 
by  flaps,  59    65,  91,  110,  128 

doiihle,  60 

long,  66 

rectangular,  66,  67 
htemorrliagc  (hiring,  how  prevented,  70 

secondary  after,  77 
history  of,  55 
instruments  for,  70 


Amputation — r.ontiniied. 
ligatures  in,  70 
Liston's  operation,  65 
mortality  after,  77 — 90 
by  oval  method,  1 1 1 
performance  of,  55 

primaiy  and  secondary  compared,  55, 

86,  87 
])rinciples  of,  62 — 65 
retractors  in,  68 
sawing  bone  in,  69 
secondary,  86,  87,  563 

statistics  of.  360,  361 
septic  disease,  influence  of,  77,  78,  80, 

90 

shock,  influence  of,  77 — 80,  361 

simultaneous  or  rapidly  consecutive,  73 

Spence's  operation,  68 

statistics  of,  81—87 

stumps  after,  72.    See  Stumps 

sutures  in,  71 

Teale's  operation,  66,  67,  68,  100,  124 
for  burns,  397 

for   contused  and  lacerated  wounds, 
331 

for  fracture,  complicated  witu  ruptured 

artery,  549 
for  compound  fractiu'e,  conditions  re- 
quiring, 354,  555 
simple  fracture,  552 
for  frost-bite,  399 
for  gangrene,  399,  461,  916 
from  fractiii'e,  546 
after  ligature,  458 
for  gun-shot  wounds,  not  required,  347 
when  required,  353 
time   of  perfoni.- 
auce,  360 

for  whitlow,  965 
Amputations,  special,  72,  91 
of  arm,  58,  59,  102 
ankle,  116 
fingers,  91 
foot,  109 

Chopart's,  114,  115 
Hey's,  112,  114 
PirogofT's,  110,  120 
stump  after,  122 
results,  123 
sub-astragaloid,  122 
Syme's,  no,  116 — 119 
forearm,  loi 

results  of,  85,  108 
hand,  91 
at  hip-joint,  136 

by  antero-])osterior  flaps,  136 
by  oval  method,  141 
results  of,  142 
at  knee-joint,  by  anterior  and  posterior 
flaps,  128 

by  lateral  flaps,  130 
i-esults  of,  132 
through  condyli'.s,  131 
of  leg,  123 

circular,  127 

liy  flai>s,  124 

results  of,  128 

by  Teale's  method,  125,  126 


INDEX. 


Amputatioks,  BVWIA.-L— continued. 

of  lower  limb,  109 

metacarpal  bones,  96—99 

at  metacarpo-phalangeal  joiuts,  94 

of  metatarsal  bone  of  great  toe,  no 

of  metatarsal  bones,  112 

at  metatarso-phalangeal  joints,  109 

at  shoulder-joint,  103 

by  Spence's  method,  108 
by  transfixion,  104 
results  of,  108 

throngli  tarsus,  114 

of  thigh,  133 

by  antero-posterior  flaps,  61,  134 
by  combination  method,  134 
for  compound  fracture,  627 
for  tractm-e  with  rupture  of  artery, 
628 

results  of,  136 

tbrougli  trochanters,  135 

Vermale's,  133 
of  thumb,  96 
of  toes,  109 
of  upper  limb,  108 

results  of,  85,  108 
at  vn-ist,  99 
Amussat,  torsion  of  cut  arteries,  419,  420, 
422 

ti-eatment  of  air  in  veins,  487 
Amylene,  anffisthetic  properties  of,  35 
Amyloid  degeneration,  239 
Autemia  (d,  negative  ;  of^o,  blood),  local,  144 

from  hfemorrhage,  403 
Anesthesia  (a,  negative  ;  alirddvofj.at,  I  per- 
ceive), by  bichloride  of  methylene,  33 

chloroform,  20,  30.    Sec  Chloroform 

ether,  20,  30.    See  Ether 

local,  36 

nitrous  oxide,  19,  33 
Anaesthetics,  administration  of,  during  shock, 
32 

eniployment  of,  3,  19,  20,  21,  30 
influence  on  amputations,  3,  20,  21 
treatment  of,  effect  of  overdose  of,  35 
in  reduction  of  old  dislocations,  657 
Anastomosing  vessels,  enlargement  of,  after 

ligature,  444,  445 
Anderson,    reduction    of   dislocations  by 

manipulation,  695 
Aneuklsm  (dfct,  through  ;  eiipwu,  I  widen), 
of  stumps,  75 
diagnosis  of,  from  abscess,  246 
traumatic,  462 

circumscribed,  465 
diff"used,  462 

complicating  fracture,  550 
in   reduction  of  old  disloca- 
tions, 657,  679 
varicose,  467,  481 

pntholiigical  condition,  467 
sym])toms,  468 
treatment,  469 
Aneurism  of  axillary  artery,  traumatic,  474 
circumscribed,  482 
of  axillary  arteiy,  diffuse,  474 

complicating  dislocation,  678 
from  attempts  to  reduce  old  dis- 
locations, 679 
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Aneurism — oontinved. 

of  brachial  artery,  ti'aumatic,  477 
varicose,  477 
carotid  artery,  traumatic,  471 

varicose,  472 
femoral  artery,  traumatic,  480 

varicose,  481 
gluteal  artery,  traumatic,  480 
palmr  artearies,  traumatic,  480 
radial  artery,  traumatic,  478 
temporal  artery,  traumatic,  472 
tibial  artery,  traumatic,  482 
ulnar  artery,  traumatic,  478 
Aneurismal  varix,  76,  467,  472.    Sea  Varix 
Angerer,  perchlorido  of  mercury  as  an  anti- 
septic, 199 
Angioma  {kyy^lov,  a  vessel),  1022 

cavernous,  1022 
Animal  matter,  dead  or  putrescent,  166 

wounds  inoculated  with,  381,  382 
Animal  substances,  ligatures  made  of,  435 
Ankle,  amputation  at,  116 
dislocation  of,  715 
compound,  716 
fractures  near  and  through,  641 

compound,  into,  645 
gun-shot  wounds  of,  358 
wounds  of,  515 
Ankylosis  {ayKvAos,  crooked),  complicati:ig 

fracture,  552 
Anthracaemia,  376 
Antiphlogistic  treatment,  205 

remarks  on,  212 
Antiseptic  (olvt'l,  against  ;  tr^Troi,  I  putrefy) 
treatment  of  abscess,  253 

of  wounds,  3,  82,  195 — 203, 
316—325,  346,  351,  435, 
559,  560 
of  wounded  joints,  513 
Antiseptics  in  putrefaction,  168,  196,  381 
Anus,  chancres  on  margin  of,  1 1 22 

epithelioma  of,  1065,  1066 
Aorta,  abdominal,  com  pression  of,  in  ampu- 
tation at  hip-joint,  49 
thoracic,  wounds  of,  873 
Apertures  in  gun-shot  wounds,  341 
Aphasia,  761 

Apncea  (d,  not ;  irvfu,  I  breathe),  846.  See 
Asphyxia 

Apoplexy,  diagnosis  from  compression  by 

extravasation,  772 
Aran,  fracture  by  contrecoup,  728,  729 
Areolar  tissue,  difl'use  inflammation  of,  955 

extravasation  into,  302,  303 

tumours,  1012 
Arloing  and  Tripier,  effects  of  division  of 

nerve,  491 
Arm,  amputations  of,  102 

arteries  of  wounded,  473 

avulsion  of,  658,  681 

fractures  of.    See  Fracture 

rupture  of  muscles  or  tendons  of,  504 
Arnott,  Dr.  J.,  compression  in  cancer,  1072 

ice  in  cancer,  1069 

local  antesthesia  by  cold,  36 

mortality  from  use  of  chloroform,  21 
Arnott,  H.,  secondary  growths  in  epithe- 
lioma, 1053,  1063 

4  P 
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AiTow-lioiuls  in  bladder,  894 

Allow -wouuds,  336 

Arsenic  in  cancer,  1072 

AitTKi'.iKs,  acupressure  apyilied  to,  440 
adhesive  process  in,  410 
aneurism  of.    Sec  Aneurism 
cauterization  in  wounds  of,  417 
changes  in  after  operation,  432,  444 
coaguhim  in,  formation  of,  409,  410, 
430 

cold,  use  of,  in  lucmorrhage,  415 
compression  of,  47 — 52 
contraction  of,  409,  410 
contusion  of,  401 
effects  of  ligature  on,  430 
enlargement  of,  in  inflammation,  145, 
152 

forcible  flexion  in  wounds  of,  419 
forcipressure  in  hsemoi'ihage  of,  422 
gangrene  from  changes  in  coats  of,  905 
from  obstruction  of,  458,  903,  904 
haimorrhage  from,  256,  935.  Sec  Hemor- 
rhage 

hot  water  in  hfemorrhage  of,  415 
injuries  of,  401 

in  contused  and  lacerated  wounds, 

330.  401 
in  compound  fracture,  556 
in  simple  fracture,  547 
in  gun-shot  wounds,  344,  347,  348 
laceration  of.  401 
ligature  of,  423.    Sec  Ligature 
^>        in  inflammation,  210 
in  stumps,  70 
occlusion  of,  accidents  after,  449 
by  natural  processes,  409 
by  operation,  414 
permanent  closure  of  wounded,  411  (see 
274) 

pressure  on,  in  inflammation,  210 
pressure  in  wounds  of,  418 
punctured  wounds  of,  413 
retraction  of,  409 
rupture  of,  401 

complicating  fracture,  547 
styptics  in  wounds  of,  416 
syphilitic  disease  of,  1126 
torsion  of,  419 
ulceration  of,  in  abscess,  256 
wounds  of,  402,  446 

complicating  fracture,  547,  556 

in  compound  fracture,  556 

gangi-ene  from,  905 

treatment  of,  413,  446 
AKTEEIE.S  or  Aktehy,  axillary,  ligature  of, 

473.  475.  476        .     ^.  , 
rapture  of  comjilicating  dislo- 
cation, 679 
traumatic  aneurism  of,  474 
circuiiLscribed,  476 
diffused,  475,  679 
wounds  of,  473 
brachial,  aneurism  of,  traumatic,  471 
varicose  aneurism  of,  471 
compression  of,  49,  471 
ligature  of,  440,  476,  477 
torsion  of,  420 
wounds  of,  476 


Aktkiues  or  AitTEiiv — cimiinved. 

carotid,    common,    ligature    of,  447, 
471 

for  gunshot  wound,  553 

compression  of,  48 

wounds  of,  471 
facial,  compression  of,  48 
femoral,  com])r(;.ssioii  of,  51 

aneuri.sm  of,  traumatic,  481 

varicose,  440,  481 

ligature  of,  481 
of  foot,    circumscribed  aneurism  of, 
482 

wounds  of,  481 
of  foreaiTO,  wounds  of,  478 
gluteal,  traumatic  aneuri.sm  of,  480 

ligature  of,  480 
of  hand,  traumatic  aneurism  of,  480 

wounds  of,  47S,  479 
iliac,  common  compression  of,  50 
external,  compression  of,  51 
ligature  of,  481 
intercostal,  wounds  of,  473 
internal  maxillary,  wounds  of,  472 
internal  mammary,  wounds  of,  473 
lingual,  wounds  of,  472 
meningeal,  line  of,  774 
of  leg,  wound  of,  482 
palmar.    Sec.  Arteries  of  hand 
peroneal,  wounds  of,  482 
plantar.    Sec  Arteries  of  foot 
popliteal,  ligature  of,  482 

compression  of,  51 
radial,  compression  of,  49 

traumatic  aneurism  of,  478 
ligature  of,  478 
subclavian,  compression  of,  48 

wounds  of,  473 
temporal,  compression  of,  48 

traumatic  aneurism  of,  472 
tibial,  anterior,  com])ression  of,  52 

posterior,  wounds  of,  482 
ulnar,  compression  of,  49 

traumatic  aneurism  of,  478 
ligature  of,  478 
vertebral,  wounds  of,  472 
Arterio- venous  wound.s,  466 
Arthritis  {6.pBpov,  a  joint :  His,  denoting  in- 
ilammation),  septic,  512 
traumatic,  509 
Artificial  limbs,  73 
respiration,  849 

teeth,  removal  of,  from  stomach,  855 
AsEi'Tic  traumatic  fever,  296 

treatment  of  wounds,  316 
Asi'HYXiA  (d,  negative ;  a^y^ir,  jiulsation). 
S46 

from  carbonic  oxide,  852 
causes  of,  S46 
from  chloroform,  24,  25 
from  drowning,  847 
artificial  respiration  in,  849 
in  infants,  851 
from  hanging,  S52 
from  noxious  gases,  851 
secondary,  851 
in  wounds  of  throat,  837 
Aspirator,  use  of,  in  abscess,  245,  246,  252 
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Astlieiiic  (d,  negative  ;  o-0eVoj,  strength)  in- 
flammatory fever,  191 
treatment  of,  212 
Asthenopia,  803 
Astragalus,  dislocation  of,  716 
fracture  of,  647 

comminuted,  647 
Astringents  in  congestive  inflammation,  225 
Atheroma  (d0a/)a,  or  adripTj,  porridge  or  meal), 
.905 

diagnosis  from  pus,  234 
Atheromatous  cysts,  999 — 1003 
Atlas,  dislocation  of,  824 
Atmosphere,  influence  of  on  erysipelas,  942 

organic  matters  in,  9,  10,  11,  169 
Atrophy  of  bone,  a  cause  of  fracture,  518 
Auscultatory  signs  of  foreign  bodies  in  air- 
tube,  841 

Aussj)itz,  excision  of  2:)rimary  sore  in  syphi- 
lis, 1 132 

Aveling's  transfusion  apparatus,  405,  406 
Avulsion  of  arm  in  reduction  of  old  disloca- 
tion, 658,  681 
Axillary  artery.    See  Artery,  axillary 
Axis,  dislocation  of,  824 

Bacilli  in  infective  inflammations,  11,  168, 
936,  968 

liacillus  authracis,  mode  of  growth  of,  377 
destruction  of  byperchloride  of  mercury, 
198 

tuberculosis,  1084 — 1087 
Back,  displacement  of  small  muscles  of,  501 
Bacteria  in  infective  fluids,  167 — 171,  173, 

936,  967 
Bacterium  termo,  169 

Ballance,    C.   A.,    method    of  ligaturing 

arteries,  440 
liandages  in  fractures,  535,  586 
l)]aster-of-Paris,  539 
silicate  of  soda,  542 
stai'ched,  536—539 

in  fractured  leg,  638 
in  fractured  patella,  635,  637 
in  fractured  thigh,  626 
tight,  grangrene  from,  460,  535,  545 
Banks,  Mitchell,  cancer  of  the  breast,  1073 
1074 

Bautook,  operation  for  inptured  perinteum, 
900 

Barbadoes  leg,  10 13 

Bardeleben,  statistics  of  amputations,  81 
123,  128 

Bartf,  modification  of  boracic  acid  lotion, 
201 

Bark  in  scrofula,  1098 
Barker,  case  of  ununited  fracture  of  clavicle 
588 

Barlow,  cranio-tabes  in  syphilitic  children, 
1161 

tBarwel),  amputation  at  hip,  improvement 
after  in  albuminoid  disease,  240 
ox-aorta  ligature,  439 
Bastian,  microscopic  fungi  in  putrefaction, 
169 

Baudens,  results  of  excision  of  shoulder,  358 
hsemorrhoge  after  gun-shot,  345 


Bavarian  method  of  treating  fractures,  541, 
638 

Baynton's  method  of  dressing  ulcers,  268 
Beauchesue,  air  in  veins,  483,  484,  486 
Beck,  trephining  Ibr  meningeal  hiemorrhage, 
775 

Bed-sores,  918 
Bees,  stings  of,  362 
Begin,  air  in  veins,  486 
Bell,  B.,  amputation  by  triple  incision,  58 
Sir  C,  accident  in  reduction  of  old 
dislocations,  680 
cause  of  death  in  spinal  injury. 
795 

mechanism  of  meningeal  extrava- 
sation, 721 

state  of  parts  after  gun-shot  wound, 
360 

Joliu,  arrest  of  hremorrhaoe,  408 
gun-shot  wounds,  338,  360 
ligature  of  wounded  artery,  439, 
446 

traumatic    aneurism    of  gluteal 
artery,  480 
Belladonna  in  inilamniation,  211,  227,  385 

jjlasters  in  cancer,  1069 
Bellows  for  artificial  respiration,  849 
Bending  of  bone,  506 

after  badly  set  fracture,  564 
of  cranial  bones,  727 
Benedikt,  pathology  of  hydrophobia,  370 
Benign  tumours,  992 

Benuet,  H.,  blood-cyst  resembling  encepha- 
loid  disease,  1004 
properties  of  cocaine,  37 
Benzoic  acid  as  an  antiseptic,  203 
Berard,  discharge  from  ear  in  fracture  of 
base  of  skull,  736 
veins  of  neck,  485 
Bergmann,  antiseptic  tj'eatment  of  gun-shot 
wounds,  351,  352;  357 
fever  m  blood  transfusion,  406 
sepsin  in  septic  fluids,  169,  967 
Bernard,  C,  diabetes  from  injury  of  brain, 
768 

reflex  action  of  vaso-motor  and  pupillary 
nerves,  804 
Biceps,  displacement  of  long  tendon  of,  501 
Bichat,  air  in  veins,  483 
Bickersteth,  diffuse  submaxillary  cellulitis 
.957 

Bigelow,  dislocations  of  hip-joint,  652  653 
693,  707 

impacted  intracapsular  fracture  of  neck 

of  femur,  617,  619 
pubic  dislocation,  707 
Bilateral  dislocation  of  lower  jaw,  663 
Billard,  pathology  of  dislocation  in  sciatic 
notch,  697 

Billroth,  alveolar  and   large  round-celled 
sarcoma,  described  by,  1036 
concentric  arrangement  of  fibromata, 
1015 

counter-irritants  in  chronic  inflamma- 
tion, 222 

formation  of  ulcers,  261 

injury  of  axillary  nerves  in  reduction  of 
old  dislocations,  680,  681 

4  P  2 


1 172 


INDEX. 


Billroth — continued. 

iodoform  treatment  of  wounds,  324 
scar-formation,  281 

statistics  of  amputations,  81,  88,  123, 
128 

tapping  in  abscess,  253 
traumatic  fever,  296,  297 
ulceration  from  chronic  inflammation, 
261 

union  of  bone,  527 
Bill's  snare  for  extraction  of  arrow-heads, 
337 

Birch-Hirschfeld,  microscopic  organisms  m 

syphilis,  11 14 
Birkett,  secondary  inflammations  in  internal 

organs  after  amputation,  86 
Bistoury,  Liston's  sprhig-backed,  39,  40 

abscess,  249 
Bites  of  rabid  animals,  365.    See  Hydro- 
phobia 
of  snakes,  363 
Blackadder,  hospital  gangrene,  932 
"  Black  eye,"  treatment  of,  829 
Blackmau,  reduction  of  old  dislocations, 

656,  680 
Bladder,  foreign  bodies  in,  894 
injuries  of,  892 

mortality  in,  892 
rupture  of,  892 

treatment,  893 
villous  tumour  of,  1027 
Blandin,  treatment  of  air  in  veins,  487 
Blind  boils,  919 
Blisters  in  bubo,  11 12 

in  chronic  inflammation,  222 
Blood,  buffy  coat  in,  188 

changes  of,  in  arrest  of  hEemorrhage, 
409 

in  inflammation,  180,  188 
leading  to  thrombosis,  153,  985 
in  pyaemia,  981 — 983 
characters   of,    in    hsemorrhage  from 

wounded  vessels,  402 
cutting  off'  supply  of,  in  inflammation,  i 
210 

determination  of,  145,  152 

discharge  of.     See  Exti-avasation  and 

Haimorrhage 
diseased  states  of  predisposing  to  ery- 
sipelas, 942  I 
to  inflammation,  163,  164  I 
eff'usion  of,  in  inflammation,  IS7  .  | 
extravasation  of.  See  Extravasation  ; 
migration  of  white  corpuscles,  155  | 
mixed  with  pus,  diagnosis  of,  234  ! 
oozing  of,  in  fracture,  558  _  1 
states  of,  influencing  suppuration,  234  ^ 
transfusion  of,  404  1 
vomiting  of,  in  fracture  of  skull,  734  | 

Blood-corpuscles  in  inflammation,  155,  189  j 
increa.se  of,  in  pyuimin,  984  ; 
passage  tlu-ough  walls  of  ves.sels,  151 

Blood-cysts,  1004 

sarcomatous,  1039 

Bloodless  methods  of  operation,  46 
nerve-stretching,  499 

Blood-letting,  general,  in  acute  inflamma- 
tion, 205 


Blood-letting,  in  wound  of  lung,  866 
local,  in  acute  inflammation,  20S 
chronic  iiilUimniation,  221 
Blood-poisoning,  972 

Blood- VESSKLS,  changes  in,  conueetioa  of, 
with  thrombosis,  985 
dilatation  of,  in  inflammation,  181 
effect  of  abscess  on,  244 
formation  of,  in  granulations,  285 

in  lymph,  279 
hfemori'hage  from,  400,  402 
injuries  of,  400,  471.    Sec  Arteries  and 
Veins 

rupture  of,  in  attempts  to  reduce  oM 
dislocations,  657,  679 

Blow,  direct  or  indirect,  a  cause  of  con- 
tusion, 302 

Blundell,  transfusion  of  blood,  405 

Boils,  919 

diagnosis  from  carbuncle,  921 
syphilitic,  1143 
ti'eatment  of,  920 

Bokai,  inoculation  of  micrococcus  of  gonor- 
rhoea, 179 

Bone,  Archimedean  drill  for  perforating,  572 
atrophy  of,  518 
bending  of,  506,  564 
bending,    rebreaking,    and  resetting, 

564.  565 
bruising  of,  506 
fibromata  of,  1015 
fracture  of.    See  Fracture 
guuimata  of,  1151 
injuries  of,  506 
re-breaking  of,  564 
sawing  in  amputation,  69 
•  sclerosis  of,  1 150 
scrofulous  disease  of,  1092 
syphilitic  diseases  of,  1 149 

in  infants,  1 16 1 
transplantation  of,  573 
in  tumours,  1019,  1036 
union  of,  after  compound  fracture,  553 

simple  fracture,  526 
Bones,  conditions  of,  predisposing  to  fracture, 

517,  . 
Bone-setters,  manipulatmns  of,  509,  655 
Bonnet,  wound  of  thoracic  duct,  255,  265, 

Boracic  acid  as  an  antiseptic,  200,  873 
Borland,  results  of  amputations,  S3 
Bouisson,  syphilitic  tumouis  of  muscles  and 

toiid<His,  1 1 53 
Boyd,  eruptions  in  glandei-s,  380 
Brachial  artery.    Sec  Artery,  brachial 
Hradlej',  wound  of  thoracic  duct,  S73 
Brain,  atfected  in  pyiumia,  984 

compression  of,  751.    Sec  tlomprcssion 
concussion  of,  748.    See  Concussion 
contusion  of,  754  ct  scq.  X 
diabetes  from  injuries  of,  768 
extraviusation  on  or  in,  769  et  scq.  See 

E.x'travasaliou 
foreign  bodies  in  contact  with,  764 
hernia,  or  fungus  of,  782 

trcntnumt  of,  7S4 
inflammation  of,  traumatic,  776.  See 
Meningitis 
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Brain — amtinucd. 
injuries  of,  748 

by  contrecoup,  728 
death  I'rom,  755 
effects  of,  757 

on  mental  powers,  784 
secondary  consequeuees  of,  784 
treatment  of,  765 
trephining  for,  766,  767 
irritation  of,  752 

treatment  of,  753 
laceration  of,  754 
causes  of,  755 
diagnosis  of,  764 
prognosis  of,  765 
treatment  of,  765 
post-mortem  apjiearances  of,  755 
symptoms  and  effects  of,  757-764 
paralysis  from  compression  or  injury  of, 

760,  761 
suppuration  in,  778 
sj'pliilitic  disease  of,  1155 

in  children,  1162 
■wounds  of,  complications  from,  769 
Brain-sand,  1039 
Breast,  scirrhus  of,  105S 
Jireschet.  reduction  of  old  dislocations,  656 
Brinton,  amputation  at  knee  by  lateral  flap, 
I3i>  132. 

Broca,    localization   of  cerebral  fiinctions, 
759 

Brodliurst,  reduction  of  old  dislocation,  656, 
679 

Brod'e,  Sir  B.,  cure  of  cancer,  1074 

foreign  body  in  trachea  (case  of  Branel), 
845 

gangrene  from  excessive  bleeding,  904 
return  of  cancer,  1073 
treatment  of  senile  gangrene,  915 

of  syphilis  in  infants,  1164 
Bronchus,  foreign  bodies  in,  840 
Bronchitis   (^poyxos,    the  windpipe  ;  itis, 
denoting  inllammation),  asthenic, 
214 

from  foreign  bodies  in  air-passage,  842 

in  wounds  of  throat,  837 
Brown,  B.,  operation  for  ruptured  perinajum, 
and  after-treatment,  898 — 900 

hot  water  in  arterial  haimorrhage,  415 
Browne,  G.  B.,  apiiliauce  for  elastic  exten- 
sion, 623,  624 
Browurigg,  amputation  at  hixvjoint  by,  136 
Bruise.    See  Contusion 
Bruising  of  bone,  506 

Brans,  fractures  of  shaft  of  femur  in  children, 
622 

spontaneous  fracture  in  insane,  518 
statistics  of  amputations,  81,  123,  128 
of  arteries  wounded  in  fracture,  549, 
»  551 

of  ununited  fractures,  568,  571,  572 
use  of"  wood-wool"  for  dressing,  199 
Brunton,_  nitrate   of  amyl  in  chloroform 

poisoning,  36 
Brash- burn,  334 

Bryant,  di'essing  for  wounds,  322 
ilio-femoral  triangle,  614 
torsion  of  arteries,  420 


Bryant,  amputation  at  knee  by  lateral  flap, 
131 

Bubo  {Pov0wi>,  the  groin),  11 10 

creeping,  11 12 

indolent,  11 12,  1123 

primary,  iiii 

treatment  of,  1 1 12 

virulent,  mo 
inoculation  of,  11 11 
Bubon  d'emblde,  1 1 ii 

Buck,  treatment  of  fracture  by  extension,  624 
Budge  and  Waller,  influence  of  spinal  cord 

on  eye,  804 
Buffer-accidents,  874,  876 
Buffy  coat  of  blood,  188 
Bulldog  forceps,  425 
Bullets,  fracture  of  bones  by,  340 

detection  and  removal  of,  349,  350 

retention  of,  348 

shrapnel,  342 

wounds  by,  340,  358 
of  skull,  739 

See  Gun-shot  wounds 
Bunions,  1004 
BuitNS,  386 

amputation  in,  397 

cicatrices  of,  397 
I         clinical  history  of,  389 
j         coiitraction  after,  prevention  and  tvest 

ment  of,  393 
I         constitutional  effects  of,  388 

Dupuytren's  classification  of,  386 

excision  of  elbow  for,  396 

local  effects  of,  386 

post-mortem  appearances  after,  389 

prognosis  of,  390 

treatment  of,  391 

ulcer  of  duodenum  in,  390 

warty  cicatrices  after,  394 
BuRSiE,  bruising  of,  507 

cystic  tumours  of.  1003 

diagnosis  from  abscess,  245 
Busch,  dislocation  of  the  shoulder-joint,  652 
Butcher's  surgical  clamp,  565 
Butlin,  plexiform  sarcoma,  1038 
Button-suture,  3 1 1 

I  Cachexy,  cancerous,  519,  1050 
Cadge,  aneurismal  varix  in  a  stump,  75 
Calcaneum.    See  Os  calcis 
Calcification  {calx,  lime ;  facto,  I  make)  of 

arteries,  gangrene  from,  905 
Calcium  sulphide  in  scrofula,  1098 
Calf,  partial  rupture  of  muscles  of,  503 
I  Callender,  dressing  of  stumps,  72 

antiseptic  treatment  of  abscesses,  255 
displacement  of  muscles,  501 
hygienic  conditions  in  amputation,  89 
torsion  of  arteries,  420 
Callous  ulcer,  268 
Callus,  526 

Calomel  in  acute  inflammation,  208 

in  chronic  inflammation,  220 
Canalization  of  veins,  485 
Cancer,  1040 

acute,  1040 

adenoid,  1042 

alveolar,  1060 
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Cancer — conf  hived. 

anourismal,  pulsation  in,  1060 
blood-vessels  of,  1054,  1056 
causes  of,  1046 
caustics  in,  1070 
cells  of,  105s,  1056 
clinical  history  of,  1045 
colloid,  1042,  1060 

columnar,  1067.    See  Epitliolioma,  co- 
lumnar 
compression  in,  1072 
congelation  of,  1069 
constitutional  or  local  origin  of,  1049 
cui'ability  of,  1074 

diagnosis  of, from  squamous  epitlielioma, 
1066 

encephaloid,  1042,   1059.     Sea  Ence- 
plialoid. 

epithelial,  1062.    See  Epithelioma 
excision  of,  1073 
gelatinous,  1060 
glandular,  1055 

diagnosis  of,  io6i 
geographical  distribution  of,  1049,  1053 
groups  of,  1042 
hard,  1056 

hereditariness  of,  1046,  1052 
influence  of  age  on,  1046,  1047 

of  sex,  1047 
juice  of,  1055 
medullary,  1042 
microscopic  characters  of,  1055 
mortality  from,  1047 
origin  and  growth  of,  1043,  1049 
progress  of,  1045 
rodent,  1043 

scirrhous,  1042,  1056.    See  Scirrlius 

secondary  growths  of,  1043 

selection  of  cases  for  operation,  1075, 

1076 
soft,  1042 

squamous,    1062.      See  Epithelioma, 

squamous 
statistics  of,  1047 
stroma  of,  1056 
structure  of,  1058,  1060 
thyroid,  1043 
treatment  of,  1068 

constitutional,  1069 
local,  1069 

by  caustics,  1070 

compression,  1072 
excision,  1073,  1077 
varieties  of,  1042,  1055 
Cancerous  cachexy,  519,  993,  1045 

ulcer,  259 
Cancrum  oris,  924 
Cannon  balls,  injuries  by,  343 
Canquoin's  paste,  1071 
Carliolic  acfd,  in  treatment  of  abscess,  255 
in  dressing  of  wounds,  82,  196,  265, 
320,  352,  513 
Carbolic  gauze,  197,  320,  321,  352,  559 
Carbolized  catgut,  preparation  of,  435 

silk  ligature,  438 
Carbonic  oxide,  asphyxia  from,  852 
Catibuncle  (cnrho,  a  coal),  920 
diagnosis  of  boils  from,  921 


Carduncle — continued. 
facial,  923 
pyajmia  in,  923 
treatment  of,  922 
Carcinoma  (/top/cfj'oj,  a  crab),  reticularu,  1040. 

See.  Cancer 
Car  den,  amputation  by  long  anterior  fljip, 
67,  131 

Cardiac  inhibition  in  shock,  290 

Caries  (Lat.  rottenness),  syphilitic,  11 51, 

1152 
worm-eaten,  11 51 
Carotid  Artery.    See  Artery,  carotid 
Carj)us.    See  Wrist 
Carrion  fungi,  168 
Carron  oil,  392 
Carr's  splint,  606,  607 
Cartilages  of  ribs,  fractures  of,  581 
Cartilaginous  tumours,  1016.    See  Enchon- 

droma 

Caseation  of  tubercle,  1085 

Case-shot,  injuries  from,  342 

Cash,  J.  T.,  inoculation  of  anthrax,  378 

Castara,  air  in  veins,  486 

Catarrh,  varieties  of,  226 

Catarrhal  inflammation,  225 

treatment,  227 
Catgut  ligatures,  435 
Caustics  ((fato),  I  burn)  in  abscess,  252 
in  bites  of  rabid  animals,  372 
bubo,  1 1 13 
cancer,  1070 
chancre,  1107 
epithelioma,  1081 
Cautery,  actual,  in  chronic  inflammation,  22 
snake  bites,  364 
hfemorrhage,  417 
galvanic,  in  fistula  or  sinus,  25S 
tliermo,  in  cancer,  1080 
Cavernous  angioma,  1022 
Celsus,  amputation  for  gangrene,  56,  57 
Cell-infiltration,  160 
Cells,  cancer,  1055,  1056 
of  enchondroma,  1017 
of  epithelioma,  1065 
myeloid,  1034 

of  sarcomata,  1031— 1033,  1034— 1039 
See  Sarcoma 

of  scirrhus,  1058,  1059 
Cellular  erysipelas,  944,  955 

ti-eatment  of,  956 
Cellulitis,  difi'use,  955 

pelvic,  241 

of  ischio-rectal  fossa,  959 

of  scalp,  724,  726,  957 

of  submaxillary  region,  957 

of  orbit,  957 
Cellulo  cutaneous  erysipelas,  944,  950 

treatment  of,  953 
Celsus,  amputation  described  by,  56 

use  of  ligature  by,  423 
Ccphalhrematoma  [K^paKi],  the  head  :  aT/i( 
blood),  722 

pathology  i)f,  722 

suba]ioiieurotic,  722 

snbjicricranial,  722 

treatment  of,  722 
1  Cephnlhvdrocele,  traumatic,  730 
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Cerebral  conaplications  of  iujuries  of  the 
head,  748  ct  seq.    Sec  Brain,  Com- 
pression, and  Concussion 
nerves,  injuries  of,  768 
suppuration,  779 
Cervical  region  of  spinal   cord,  clfoct  of 
concussion  of,  792 

effect  of  wound  of,  814 
vertebraj,  dislocation  of,  824 
Chancre,  iioi 

consecutive  results  of,  11 10 
diagnosis  of,  1106 
Hunterian,  11 20 

induration  of,  1121 
seat  and  number  of,  1 121 
treatment  of,  1 132 
inoculation  of,  1105,  mo 
origin  and  progress  of,  1102 
phagedsenic,  1104,  1123 
treatment  of,  1 109 
simple,  1 103 

treatment  of,  1106 
situations  of,  1105,  1121 — 3 
sloughing,  1 104 

treatment  of,  1108,  11 09 
soft,  1 103 

treatment  of,  1 106 

constitutional,  1109 
local,  1 106 — 8 
urethral,  1121 
varieties  of,  1103 
in  women,  1105,  11 22 
Chancrous  excoriation,  1103 
Charbon  or  malignant  pustule,  375 
Chassaignac's  drainage-tubes,  249,  250 

ecraseur,  1079,  1080 
Chaussier,  fractures  in  intra-nterine  life,  517 
Cheek,  chancre  of,  1122 

injuries  of,  826 
Chelius,  dislocation  of  calcaneum,  719 
Chemical  causes  of  inflammation,  166 

of  putrefaction,  166 — 171 
of    irritation    in  incised 
wounds,  308 
Cheselden,  operation  by  double  incision,  57 
Chest,  fracture  of  bones  of,  579 
haemorrhage  into,  579 
injuries  of,  581,  856 
wounds  of,  864 

treatment  of,  865 
Cheyne,  organisms  in  suppiu-ation,  232,  235, 
321 

Chilblains,  399 
Children.    See  Infants. 
Chisholm,  secondary  heemorrhage  after  gun- 
shot, 345 

deaths  after  excision  of  shoulder,  359 
Chlorethylidine,  ana;sthetic  properties  of,  35 
Chlorides,  caustic,  in  cancer,  107 1 
Chloride  of  zinc  as  an  antiseptic.  200,  255, 

319,  931 
Chloroform,  20 

administration  of,  22 
in  disease,  27 
in  severe  injuries,  33 
cautions  in  using,  23 
compared  with  ether,  30 
death  from,  24,  25,  32 


Chloroform — omitmuod. 
effects  of,  23 

head-symptoms  produced  by,  26 

influence  on  mortality  aftei'  operations, 
20,  21 

inhalers  for,  22 

secondary  effects  of,  26 

treatment  of,  effects  of,  35.    See  Anajs- 
thetics 

with  alcohol  and  ether,  30 
Chondrifying  sarcoma,  1036 
Chondroma  (x<^i'Spos,  cartilage),  1016 
Chondro-sarcoma,  1036 
Chopart's  amputation  of  foot,  114,  115,  123 
Chronic  abscess,  215,  241 
treatment  of,  252 

gangrene,  902 

inflammation.    See  Inflammation 
in  ter.stitial  keratitis,  1163 
Cicatrices,  changes  in,  395 

contracted,  after  burns,  393 

after  chancre,  11 10 
contraction  of,  395 
division  of,  395 
warty,  397 
Cicatrization,  process  of,  279,  41 1 
Cilio-spinal  axis,  804 
Circular  method  of  amputating,  57 — 59 
Circulation,  local  disturbances  of,  144 

changes  in,  leading  to  formation  of 

thrombus,  985 
collateral  after  ligatm-e,  443 
hfEmori'hage  from,  446 
gangrene   from    obstruction   of.  Sec 
Gangrene 

Circumscribed  traumatic  aneurism,  465,  466, 
476,  480 

Clark,  Sir  James,  state  of  digestive  organs  in 

scrofula,  1094 
Clavicle,  dislocation  of,  665 
fractm'es  of,  582 

apparatus  for,  586,  587 
comminuted,  584,  588 
complications  of,  583 
Ellis's  splint  for,  588 
treatment  of,  585 
union  of,  588 
Cline,  trephining  the  spine,  821 
Clove-hitch  knot,  654 
Clover's  chloroform-inhaler,  22 

ether-inhaler,  28,  35 
Coagulation  in  wounded  arteries,  409 
Coagulum  of  inflammatory  blood,  188 
in  wounded  arteries,  external,  410 
imperfect,  430 
internal,  410,  430 
Coaptation  of  surfaces  of  M'ounds,  309 
Coates,  transfusion  of  blood,  407 
Cobra  di  capello,  bite  of,  363 
Cocaine,  use  of  as  a  local  auajsthotic,  37,  533 

poisoning  from,  38 
Coccydynia  (k6kkv^,   the   coccyx  ;  dSvvri, 

pain),  610,  691 
Coccyx,  dislocation  of,  691 

fracture  of,  610 
Cockridge,  dogs  in  Sark,  366 
Cod-liver  oil  in  scrofula,  1098 
in  chronic  inflammation.  220 
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Cod-liver  oil  in  syphilis,  1 141 
Cohnlieiiu  011  migration  of  blood-coiimscles, 
151,  154,  156,  158,  165 

formation  of  pus,  230 

inoculation  of  cancer,  1044 
Coin-catcher,  853,  855 
Cold  abscess,  215,  241 
Cold  as  an  anresthetic,  352 

as  a  local  aiire.stlietic,  36 

a  ca\ise  of  inflammation,  166 

constitutional  effects  of,  398 

in  licemorrhage,  415 

acute  inflammation,  194,  203, 104,  210 
chronic  inflammation,  221 

local  influence  of,  397 
Collateral  circulation,  443 
Collapse,  shock,  291 
CoUes'  "fi-acture,  601 

cause  of  deformity  in,  602 

mechanism  of,  603 

treatment  of,  605 

union,  607 

Colles  on  transmission  of  syphilis,   11 16, 
1118 

Colliquative  [liquo,  I  melt),  discharfres,  238  | 
Collodion,  use  of,  in  wounds,  314 
Colloid  {ic6\\a,  glue  or  gelatine  ;  elSos,  fomi) 
cancer,  1060,  1061 
styptic,  314 
Colour  in  acute  inflammation,  180 
in  chronic  inflammation,  219 
Columnar  epithelioma,  1042,  1067,  1068 
Coma  {Kwfia,  deep  sleep,   lethargy)  from 
chloroform,  24  j 
from  compression,  753 
Comminuted  fracture,  520,  524,  551,  556  j 
Complete  dislocation,  649  | 
Complicated  dislocation,  659  j 

fracture,  520,  547,  583 
Compound  cysts,  1005 

dislocation,  649,  658,  660 
fracture,  354,  519,  524,  552.  See 
Fractui'e. 
Compress,  graduated,  41S,  419 
CoMPiiicssioN  of  arteries  in  liEemorrhage, 
418,  419 
a  cause,  of  contusions,  302 
brain,  751 

diagnosis  of  from  concussion  and 

laceration,  757 
from  extravasation,  769 
treatment  of,  752 — 4 
coma  from,  753 
in  cancer,  1072 

contusion,  302 
digital,  varicose  aneurism  treated  by, 
470 

of  chest  foi-  air  in  veins,  487,  488 
of  nerves,  490 
of  spinal  cord,  791 

paralysis  from,  811  —  815 
Compressor  for  aorta.  Lister's,  50 
CoNcrssiON  of  brain,  748 

diagnosis  from  spinal  concussion, 
806 

from  compression,  751 
pathology  of,  749  1 
signs  of,  749  I 


CoKOUSSiON  ol'  brain — ronthmed. 
tenninations  of,  750 
treatment  of,  753 
of  eye,  831 

of  spinal  cord,  791.     See  Spinal 
cord. 

Condyles  of  femur,  amputation  through,  131 
results,  132 

of  humerus,  fracture  of,  595 
Condylomata,  {k6vZvKos,  a  swelling),  1026, 

1 124,  1 144,  1 145 
Congenital  cysts,  1006,  ICX57,  1008 
dislocations,  649,  662 
of  hip,  710 
lower  jaw,  665 
patella,  710 
shoulder,  678 
wrist,  687 
fracture,  517 
syphilis,  1157 

evidence  of,    in    adult  life, 

1163 
prognosis,  1164 
treatment,  1164,  1165 
Congestion,  145 
active,  145,  152 
causes,  145 
eS'ects,  146 
sjTnptoms,  146 
passive,  146,  162,  217 
causes,  147 
effects,  148 
symptoms,  149 
treatment,  149 
of  internal  organs  in  bums,  388 
hypostatic  pulmonary,  in  fractures, 
.  544 

Congestive  abscess,  243 

jjneumonia,  a  cause  of  death  after  ampu- 
tation, 77 
Conical  stumps,  75 

Conium,  powdered,  in  the  treatment  of  can- 
cer, 1069 
Conjunctiva,  injuries  of,  S28 

scrofulous  afi"ection  of,  1091 
Connective  tissue,  995 

overgrowth  of,  1126,  1146 

tumours   formed  of  modifications  of, 

lOIO 

Connor,  V.  S.,  ti-aumatic  oephalhydrocele 

after  fissured  fracture,  730 
Consecutive  haemorrhage,  345 
Constitutional  after-treatment  in  operations, 

52 

gangrene,  902,  904,  912 

manifestations  of  syphilis,  1124 

treatment  of  abscesses,  255 

venereal  disease,  11 13 
Contagious    emanations,   evil    residts  of, 

12—15 
Contagious  gangrene,  927 

ulcer  or  chancre,    i  loi.    Sec  Chancre 
Continuous  .suture,  311 
Contraction  in  burns,  i)rcvention  and  re- 
moval of,  393,  395 

of  divided  arteries,  409,  410 
Contrecoup,  fracture  by,  516,  728,  731 

injuiy  of  brain  by,  728,  731 
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Contused  and  laoeeated  wounds,  327 
amputation  for,  331 
characters  of,  327 
gangrene  in,  329 
htemoiThage  in,  331 
progress  of,  328 
sloughing  in,  329 
treatment  of,  330 
Contusion  {contundo,   I  beat  together), 

causes,  302 
degrees  of,  302,  303 
diagnosis  of,  303 
treatment  of,  304 
Contusion  of  abdomen,  874 
of  arteries,  401 

bones,  506 

brain  and  membranes,   754.  Sec 

Laceration 
ej-e,  829 
joints,  507 
lungs,  856 

muscles  and  tendons,  500 
nerves,  490 
scalp,  721 
skull,  727 
Conway,  use  of  cocaine  in  fractiu-e,  533 
Cooper,  Sir  A.,  catgut  ligatures  used  by,  435 
classification  of  dislocations  of  hip,  693 
classification  of  dislocations  of  shoulder 
669,  673 

direction  of  gun-shot  wounds,  341 
dislocation  of  lower  jaw,  663 

femur  on  dorsum  ilii,  696 
incomplete  dislocation  of  shoulder,  669 
intracapsular  and  extracapsular  fractui-e 

of  head  of  femur,  611,  619 
recurrence  of  cancer,  1073 
reduction  of  dislocated  elbow,  684 

of  dislocated  femur  by  exten- 
sion, 707 
of  old  dislocations,  656 
relative  frequency  of  dislocations  of  hip, 
694 

subluxation  of  jaw,  664 

treatment  of  com])ouud  fracture,  559 

wrench  of  spine,  815 
Cooper,  B.,  air  in  veins,  485 
Cooper,  S.,  treatment  of  wounded  intestine, 

888 

Coracoid  process,  fracture  of,  589 
Cormack,  air  in  veins,  488 
Cornea,  syphilitic  allection  of,  1163 
Oornil  and  Ranvier,  definition  of  a  tiimoui-, 

991 
Corns,  1026 

Coronoid  process  of  lower  jaw,  fracture  of 
576 

of  ulna,  fracture  of,  600 
Corpuscular  lymph,  276 
Corrosive  liquids,  eifect  of  application  of, 
393 

Costal  cartilages,  fracture  of,  581 
Cotton-wool  dressing  of  wounds,  197,  315 
Counter-extension  in  dislocations,  653 
Counter-initants  in  chronic  inflammation, 
222 

ounter-opening  in  abscess,  251 


Coxeter's  aspiratoi',  246 

ear-scoop,  827 
Cranio- tabes  in  syphilitic  children,  1163 
Cranium.    See  Skull 
Creeping  bubo,  1112 

Creighton,  secondary  growths  of  cancer, 
1043 

Crepitus  {ereim,  I  crackle)  in  fractm-e,  524 
Cripps,  ligature  of  common  carotid,  471 
Croft,  plaster  si^lint,  541,  638 

treatment  of  niptui-e  of  small  intestine, 
879 

Croupous  inflammation,  179 
Crutch-palsy,  544 
Cuboid  bone,  dislocation  of,  719 
Cuneiform  bones,  dislocation  of,  719 
Cunningham,  foreign  bodies  lodged  within 

the  skull,  764 
Cupping  in  inflammation,  209 
Curdy  pus,  230 

Curling,  perforating  ulcer  of  duodenum  after 
burns,  390 
subclavicular  dislocation  of  humerus, 
670 

Cutaneous  erysipelas,  92S,  944 

treatment  of,  949 
Cuticle,  transplantation  of,  265 
Cylindi'oma,  1037 

Cystic  (kuo-tis,  a  cyst  or  bladder)  tumouks, 

998,  I  DOS 

compound.  1005 

multilocular,  1005 

proliferous,  1005 
Cystic  hygroma,  looS 
Cysts,  998 

atheromatous,  999,  1000 

diagnosis  of,  looi 

progress  of,  1000 

ti'eatment  of,  1002 
blood-,  303,  1004 
congenita],  1006,  1007,  1008 
definition  of.  998 
dentigerous,  1007 
dermoid,  1006 

from  dilatation  of  ducts  of  glands,  1003 

exudation-,  99S 

hydatid,  1008 

in  tumours,  1005 

in  abdomen  after  injury,  891 

mucous,  1003 

parasitic,  1008 

treatment  of,  1009 
retention-,  999 
serous,  1003 


Dactylitis,  strumous,  1092 

syphilitic,  1152 
Date,  dislocation  of  elbow -joint,  682 
Davies-Colley,    treatment'    of  malignant 

pustule,  379 
Davy,  Sir  Humphry,  use  of  nitrous  oxide, 
19 

Davy's  lever,  137,  138 

plan    for  compressing  common  iliac 
artery,  50 
Davaine,  infective  processes,  968 
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Dawson,  Caiitlcy,  death  from  ntlrainisti-ation 

of  etlier,  29 
Do  Chauinont,  air  of  hospitals,  12 
Decomposing    auimiil     matters,  Avouiids 

poisoned  by,  381 
Decomposition,  prevention  of,  in  wounds, 

330,868 
Definitive  calhis,  526,  529 
Degeneration  in  stnmps,  76 
in  divided  nerves,  493 
Deghitition  ati'ected  in  hydrophobia,  369 

alfei-ted  in  syphilis,  1147 
Delayed  union  of  fractured  bone,  566 
Deliuium,  traumatic,  298,  542 
inflammatory  traumatic,  298 
nervous  traumatic,  299 
treatment  of,  299 
Demarcation,  line  of,  in  gangi-ene,  911,  912 
De  Meric,  infantile  syphilis,  1158 
De  Morgan,  Campbell,  chloride  of  zinc  as  an 

antiseptic,  200,  319 
Denis,  transfusion  of  blood,  404 
Dentigerous  cyst,  1007 
Dentist's  silk  as  a  ligature,  433 
Depressed  fracture  of  skull,  737,  742 

with  symptoms  of  compression  of 
brain,  743 
bone,  elevation  of,  744 
diagnosis  of,  737 
symptoms  of,  740 
treatment  of,  742 
varieties  of,  737 
Depression,  stage  of,  in  burns,  388 
Dermoid  {Sep^uo,  skin;  elSoy,  form),  cysts, 
1006 

Desmoid  (Seo-jtto's,  band  or  ligament  ;  flSoj, 

form)  tumours,  1012,  1014 
Detennination  of  blood,  145,  152 
Deubel,  skin-grafting  by,  267 
Deyber,  cataract  from  wound  of  eyebrow,  831 
Diabetes  from  cerebral  injury,  768 
Diabetes,  gangi-ene  in,  907 

saccharine,  influence  of,  on  result  of 

operations,  7 
a  predisposing  cause  of  inflammation, 
164 

sloughing  ulcers  in,  sufl'erers  from,  271 
Diaphoretics  in  inflammation,  207 
Diaphragm,  wounds  of,  879 
Diathesis  {^liectrLS,  arrangement  or  dispo- 
sition), scrofulous,  1094 
Diday,  infantile  syphilis,  1 1 58 
Dieffenl)ach,  subcutaneous  section  of  muscles 
in  old-standing  dislocations,  658,  679 

treatment  of  ununited  fracture,  571 
Diet  in  asthenic  inflammation,  213 

in  cancer,  1069 

in  injuries  of  throat,  839 

in  chronic  inllammatioii,  220 

in  scrofula,  1096 

before  and  after  operations,  8,  52 
Dieulafoy's  aspirator,  246 
Diffuse  abscess,  241 

cellulitis,  955 

of  ischio-rectal  fossa,  959 
of  scalp,  724,  726 

peritonitis,  882 — 4 

traumatic  aneurism,  462 


Digital  compression  in  varicose  aneurism,47o 
Directing  lines  to  arteries,  426 
Disarticulation    {dis,   from ;    arliculux,  n 

joint)  55.    Hee  Amputation 
Disease,  mortality  after  amputations  for,  78. 

83,  85 

Disinfectants  in  contused  wounds,  331.  >Sri- 
Antiseptic 

Dislocation   {dis,  from  ;  loco,    i  pLace). 
649 

causes  of,  direct,  650 
predisposing,  649 
complete,  649 
complicated,  659 
complicating  fracture,  552,  557 
compound,  649,  658,  660 
congenital,  649,  662.     See  Cougenital 

dislocations 
effects  of,  650 

muscnlar  resistance  to  reduction,  651 
incomplete,  649 

of  old  standing,  accidents  in  reduction, 
of,  655,  657,  679 

changes  produced  in,  655 

complicating  fracture,  552 

treatment  of,  656 
pathological,  649 
reduction  of,  651 

by  extension,  654 

by  manipulation,  655 

by  mechanical  contrivances,  653 
signs  of,  650 

spontaneous,  649,  660,  661 
treatment  of,  651,  655 
Dislocations,  special,  663 
of  ankle,  715 

backwards,  715 

compound,  716 

forwards,  716 

inwards,  715 

outwards,  715 

treatment  of,  716 
astragalus,  716 

backwards,  717,  718 

compound,  719 

forwards,  716,  717 

reduction  of,  717 
atlas  from  axis,  824 
calcaneum,  719 
carpal  bones,  687 
carpus,  686 
clavicle,  665 

at  both  ends,  668 
outer  end,  667 
sternal  end,  665 
coccyx,  691 
cuboid  bone,  719 
cuneiform  bones,  719 
elbow,  681 

backwards,  681 

complications  of,  684 

compound,  685 

diagnosis,  684 

forwards,  681 

lateral,  682 

of  old  standing,  685 

ulna  and  radius  in  opposite  direc- 
tions, 683 
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Dislocations,  special — continued, 
elbow,  reduction  of,  684 

See  Dislocations  of  radius  and  of 
ulna 
femur,  692 

backwards,  693 

classification  of,  Bigelow's,  693 
classilication  of,  Cooper's,  693 
complicated  with  fracture,  709 
congenital,  710 
dorsal  below  tendon,  697 
everted  dorsal,  694,  708 
downwards,  703,  704 
downwards  and  backwards,  706 
downwards  and  outwards,  702 
ilio-sciatic,  693 

reduction  of,  702,  703 
irregidar,  693,  708 
meclianism  of,  694 
of  old  standing,  708 
on  pubic  bone,  694,  706 

reduction  of,  707 
reduction,  methods  of,  695,  700, 

701,  702,  704 — 708 
regular,  693 

relative  frequency  of,  694 
sciatic,  699 

reduction  of,  702 
simultaneous,  709 
spontaneous,  709 
subspinous,  707 
supraspinous,  694,  708 
on  thyroid  foramen,  694,  703 

reduction  of,  704 
upwards,  700,  706 
upwards  and  backwards,  696 

reduction  of,  700 
fibula,  head  of,  714 
fingers,  688,  691 

■of  forearm.    See  Dislocation  of  elbow 
hand.    See  Dislocation  of  wrist 
hip,  692.    ^ce  Dislocation  of  femur 
humerus,  668 

backwards,  670 

causes  of,  672 

complications  of,  678 

compound,  678 

congenital,  678 

diagnosis  of,  673 

downwards,  671 

forwards,  670 

inwards,  669 

old  unreduced,  678 

partial,  672 

reduction  of,  675 — 8 

relative  frequency,  673 

.signs  of,  669 

•subclavicular,  670 

subcoracoid,  669 

subglenoid,  671 

subluxation  of  head  of  forwards, 
672 

subspinous,  670 
varieties  of,  669 

relative  frequency  of,  673 

jaw,  663 

bilateral,  663 
congenital,  665 


Dislocations,  special — rnntinved. 
of  jaw,  reduction  of,  664 
unilateral,  664 
knee,  712.    ,^^0  Dislocation  of  tibia 
lower  limb,  691 
metacarijus,  688 

metacarpo-plialangeal  joints,  688 

metatar.sus,  719 

occipital  bone  from  atlas,  823 

OS  magnum,  687 

patella,  710 

congenital,  710 

inwards,  71 1 

outwards,  710 

reduction  of,  71 1 

upwards,  712 

vertical,  711 
pelvi.s,  691 
pisiform  bone,  687 
radius,  682 

backwards,  683 

forwards,  682 

incomplete,  683 

outwards,  683 

of  lower  end  of,  686 
sacro-iliac  articulation,  691 
scajihoid  bone,  719 
scapula,  668 

semilunar  bone,  687,  688 
shoulder-joiut,  668.    See  Dislocation 

of  humerus 
spine,  822 

diagnosis  of,  825 

treatment  of,  825 
sj'mphysis  pubis,  691 
tarsal  bones,  719 

thigh-bone.  See  Dislocation  of  femur 
thumb,  688 

compound,  691 
reduction  of,  690 
tibia,  712 

backwards,  712 
complicated,  713 
compound,  713 
forwards,  712 
lateral,  712 
toes,  720 
ulna,  682 

of  lower  end  of,  686 
reduction  of,  684 
upper  limb,  665 
vertebraj,  824 

cervical,  824,  825 
dorsal,  825 
wrist,  686 

backwards,  686 
compound,  687 
congenital,  687 
forwards,  686 
Dissecting-porter's  wart,  383 
Dissection-wounds,  38 i 
causes  of,  382 
symptoms  of,  383 
treatment  of,  384,  385 
Dittel's  elastic  ligature,  loSo 
Diuretics  in  inflammation,  207 
Division  of  nerves,  491,  497 

of  muscles  and  tendons,  501 
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Dixon,  lixtrnction  of  bulletslodged  in  bladder-, 
894 

Dobson,  incision  in  erysipelas,  950 

Dogs,  mad,  bites  of,  365.    /Sec  Hydropliobia, 

symptoms  of  rabies  in,  366 
Donovan's  solntion  in  syphilis,  1143 
Donovan,  absence  of  hydrophobia  in  Africa, 
366 

Dorsal  region  of  cord,  injuries  of,  812 — 814 
of  spine,  effects  of  concussion  of,  793 
dislocations  of,  694,  696,  793,  825 
Douglas,  duration  of  life  in  asphyxia,  847 
Dowdeswell,  behaviour  of  hxed  cells  in  in- 

iiauied  tissues,  159 
Drainage-tubes,  47,  71,  249 — 251,  313 

in  antiseptic  treatment  nf  wounds,  312, 

317,  319 
Neuber's  absorbable,  319 
Dressing  of  stumps,  72 

Callender's  method,  72 
of  wounds,  315— 32S>  347,  559>  S6o 
Drowning,  treatment  of  asphyxia  from,  847 
Drunkeuness,  diagnosis  of  traumatic  coma 

from,  773 
Dry  gangrene,  902 
Dry -lint  dressing,  315 

Dirbrueil,  treatment  of  fractured  patella,  632 
Ducts,  tumours  from  distension  of,  1003 
Duodenum,  rupture  of,  877 
idcer  of,  in  burns,  390 
DupieiTe's,  reduction  of  old  dislocation,  656 
Dupuytren,  air  in  veins,  486 
classification  of  btirns,  386 

death  from  fowling-piece  charged  with 

powder  only,  339 
splinters  in  gunshot  wounds,  350 
opening  abscess  in  brain,  781 
splint,  644 

torsion  of  cut  arteries,  420 
treatment  of  depressed  fracture,  742 

Dura  mater,  wounds  of,  741 

Durham,  statistics  of  Iracture  of  the  larynx, 

83s 

statistics  of  tracheotomy,  844,  845 
of  gastrotoiiiy,  855 


Ear,  chronic  aifections  of,  in  inherited 
syphilis,  11 63 

bleeding  from,  733 

foreign  bodies  in,  827 

hematoma  of,  1004 

injuries  of,  827 

serous  discharge  from,  735 
Ear-scoop,  827 

East  wind,  alleged  influence  of,  in  erysipelas, 
13 

Eating,  habitual  excess  in,  a  predisposing 

cause  of  inflammation,  164 
Eaii-de-lucc,  364 

Ecchymosis  (ew,  out ;  x^Mo^,  juice),  302 
Echinococci,  1008 
Eckel,  canine  rabies,  366 
Ecraseur  (French  6craser,  to  crush),  galvanic, 
417 

removal  of  tumours  by,  1079,  1080 
Ecthyma,  syphilitic,  1142 
in  children  1 160 


Eczema  converted  into  cliancres,  1 106 
Eczematous  ulcer,  271 
Edelberg,  aseptic  traumatic  fever,  297 
Edmunds,  E.,  method  of  ligaturing  arteries, 
.  440 

Effusions  in  inflammation,  157,  772 
Elastic  ligature,  treatment  of  fistula  by,  258 
treatment  of  tumour  by,  1080 
tubing  or  bandage,  compression  by,  44 
Electricity,  a  cause  of  inflammation,  166 
Elbow,  dislocations  of,  681.    Ser.  Disloca- 
tions 

excision  of,  for  gun-shot  wounds,  359 

for  burn,  396 
fractures  near,  595 

compound  and  comminuted,  597 
wounds  of,  515 
Elephantiasis  Arabum,  1013 
Elliotson,  incubation  of  hydrophobia,  368, 
369 

Ellis's  splint  in  fractured  clavicle,  588 
Emanations,  contagious,  12 
Embolic  pyaemia,  987 
Embolism,  550,  969 

gangrene  from,  907,  917 
Embryonic  tissue,  tumours  composed  of. 
996 

Emmerets,  transfusion  of  blood,  404 
Emphysema  {4v,  into  ;  (pvadu,  1  blow)  of 
abdominal  wall,  878 
from  wound  of  lung,  859 
treatment  of,  S69 
Emphysematous  abscess,  243 
gangrene,  936—938 
bacteria  in,  936 
Emplastrum  saponis,  268 

resinffi,  268 
Empyema  {iv,  in ;   -rvSu,  pus),  traumatic, 

861,  868  ^ 
Encephalitis  ((yKf(pa\ov,  the  braia  ;  His, 
denoting  inflammation),  traumatic, 
776 

chronic  or  subacute,  778 
Encephaloid  {iyKecpaXoy,  the  brain ;  elSos, 
shape),  1059 

cells  of,  1060 

diagnosis  of,  1062 

structure  of,  1060 
Encephaloid  sarcoma,  103 1 
Enchondi'oma  {iv,  in ;  x<i''5poy,  cartilage), 

1016 — 1018 
Epidemic  erysipelas,  942 
Epilepsy  in  cerebral  syi>hilis,  1155 

traumatic,  from  head  injuries,  785 
Epiphyses  of  bones,  separation  of,  521,  556 

union  of,  531 
Epiphysis,  lower,  of  humerus,  separation  of, 

595,  596 
Epithelial  type,  tumours  of,  1040 
Epithelioma  (epitlielium,   from   i^tl,  on ; 
erj\us,  papilla),  1 062 
causes  of,  1062 
cells  of,  1064,  1065 
columnar,  1042,  IC67 

apjiearance  and  i)rogres8  of,  1067 
diagnosis  of,  1068 
prognosis  of,  1068 
structure  ol',  1067 
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Epithelioma — conti%%eA, 

diagnosis  of,  from  other  forms  of  cancer, 
1066 

squamous,  1042,  1062 

causes  and  situation,  1063 
diagnosis,  1066 
mode  of  growth,  1066 
prognosis,  1066 
progress,  1063 

recuiTonce  after  removal,  io66 

statistics  of  cases,  1063 
Erectile  tumours,  1022 
Erethitic  shock,  295 

Ergot-poisoning,   gangrene  accompanying, 
904 

Erratic  erysipelas,  945,  980 
Eruptions,  syphilitic,  1141 

in  children,  11 60 

in  glanders,  380 
Eetsipelas  (epuo),  I  draw ;  ireAoy,  near), 
939 

a  cause  of  death  after  operation,  16,  81 
after  amputation,  77 
of  gangrene  after  ligature,  460 
causes  of,  940 
cellular,  944,  955 

diagnosis  of,  956 

prognosis  of,  956 

treatment  of,  956 
cellulo-cutaneous,  944,  950.    See  Phleg- 
monous 
characters  of,  939 
constitutional  fever  of,  945 
contagion  of,  940 
cutaneous,  928,  944 

diagnosis  of,  948 

pathology  of,  945—8 

prognosis  of,  948 

treatment  of,  949,  950 
epidemic.  943 
erratic,  945 
external,  944 

special  forms  of,  956 
idiopathic,  948 

of  the  head,  957 
internal,  959 
cedematous,  952 
phlegmonous,  928,  950 

diagnosis  from  spreading  gangrene, 
952 

treatment  of,  953 
prevention  of,  949 
simple,  944 
special  foi-ms  of,  956 
statistics  of,  942,  943,  948 
treatment  of,  949 
Erysipelas  of  fauces,  959 

fingers,  961 

head,  957 

infants,  956 

mucous  surfaces,  959 

orbit,  957 

pudenda,  959 

scrotum,  958 

serous  membranes,  961 

submaxillary  region,  957 
Erysipelatous  laryngitis,  959 
peritonitis,  961 


Esdaile,  mesmerism  in  operations,  20 
Esmarch's  bloodless  method,  46,  47,  448 
mode  of  compressing  aorta,  50 

bandage,  415,  444,  478,  480 

tourniquet,  44,  45,  137,  404 

treatment  of  gunshot  wounds,  338,  358 
Ether  as  an  ansesthetic,  administration  of 
20,  27 — 29 

and  nitrous  oxide,  35 

by  the  rectum,  29 

compared  with  chloroform,  30 

death  from  administration  of,  29 

local  aniBsthesia  by,  33 

eucatyptus-gauze  as  an  antiseptic,  201 
322 

with  alcohol  and  chloroform,  30 
Ethidene,  ansesthetic  properties  of,  35 
Ethyl-bromide,  ansesthetic  properties  of,  35 
Eucalyptus  oil  as  an  antiseptic,  201 

gauze,  322 

Exanthemata,   diagnosis   from  erysipelas, 
948 

syphilitic,  1145 — 1148 
Excision  {oxcido,  I  cut  out),  of  cancer, 
1073 

of  elbow,  for  compound  fracture,  597 

for  burn,  396 
of  eyeball,  833 
of  false  joint,  572 

of  humerus  for  gun  shot  wound,  358,  359 

in  hydrophobia,  37 1 

of  joints  in  gunshot  wounds,  356 

of  tumours,  1077 

of  wrist,  for  gunshot  injury,  359 
Excoriation   [ex,  off:   coriitm,   the  skin), 

chaucrous,  1103,  1109 
Excrescences,  syphilitic,  1142 
Exhaustion  a  cause  of  death  after  operation. 
16,  78,  80 

of  nervous  centres  in  shock,  291 

in  bm-ns,  390 
Exostosis,  (e'l,  out  ;  otTTiov,  n  bone),  1019 
Extension  in  dislocation,  654,  701 

in  fracture  of  thigh,  624 
Extensor  muscle  of  thigh,  rupture  of  tendon 
of,  503 

tendons  of  fingers,  division  of,  505 
Extravasation   (extm,    outside ;    vas,  a 
vessel)  of  blood,  302,  403,  1004 
in  abdomen,  881 
eye,  829 

fractures,  544,  555 
from  lacerated  urethra,  896 
in  lung,  858 
in  pleura,  858,  863 

treatment  of,  867 
in  reduction  of  old  dislocations,  e??  67q 
in  skull,  769  ■ 
causes  and  results  of,  769 
cerebral.  772 
diagnosis  of,  772 
meningeal,  770 

mechanism  of,  771 
symptoms  of,  770 
treatment  of,  773 
Extravasation  of  contents  of  intestine,  880 
— 882 
of  urine,  892 
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Extreiuitics,  guu-shot  wounds  in,  347 
Exudation,  puvulent,  240 

plastic,  277,  2S1,  411,  414 

cysts,  998 

Eyk,  atlc'ctions  of,  after  wound  of  trifacial 
nerve,  832 

concussion  of,  S31 

contusion  of,  829 

disease  of,  in  spinal  injury,  804 

syphilitic  disease  of,  1149 

wounds  of,  830 
Eyeball,  acute  suppuration  of,  980 

contusions  of,  829 

excision  of,  833 

injuries  of,  829 

■wounds  of,  830,  831 
Eyelids,  occhymosis  of,  in  fractured  skull, 

734 

eversion  of,  829 

foreign  bodies  luider,  828 

strumous  disease  of,  1091 


I 

Fa(je,  erysipelas  of,  957 

fracture  of  bones  of,  574,  575 

gun-shot  wounds  of,  576 

injuries  of,  826 
Facial  carbuncle,  923 

chancre,  11 22 

paralysis,  761 
Fajces,  extravasation  of,  881 
False  bursfc,  1003 
False  joints,  567,  571 

causes  of,  567,  56S 

removal  of,  572 

treatment  of,  571 
Farcy,  379 

Fasciculated  sarcoma,  1032 
Fat-embolism,  543 
Fatty  degeneration  of  stumps,  76 
tumours,  loio 

diagnosis  of  from  sebaceous  tumours, 
1002 

Fauces,  erysipelas  of,  959 
Faiu-e,  mortality  in  secondary  amputations, 
87,  360 

Fayrcr,  treatment  ot  osteomyelitis,  990 

treatment  of  snake-bite,  365 
Fehleisen,  cultivation  and  inoculation  of 

-  micrococci  of  erysiiielas,  179,  940,  947 
Femuii,  dislocations  of,  692.    Scg  Disloca- 
tions 

fractures  of,  610.    tire  Fractures 

gun-shot  injuries  of,  354,  576 
FergusHOn,  excision  of  cancer,  1074 

removal  of  false  joint,  572 
Ferment,  presence  of  in  putrefaction,  167 
Ferment- poisoning,  184 
Fen-ier,  localization  of  cerebral  functions,  759 
Feveu,  aseptic  traumatii',  296 

erysipelatous,  939 

li£cmorrhagic,  403 

inflammatory,  183,  298 
astiienic,  191 

diagnosis  from  pyrcmia,  988 
irritative,  192 
sthenic,  190 


nature  of,  183 
reactionary,  296 
septic  traumatic,  186,  297 
symptoms  of,  189 
surgical,  189 
traumatic,  296 

tj'phoid,  diagnosis  from  pyaemia,  988 
Fibrine,  softened,  diagnosis  from  pus,  233 
Fibro-cellular  tumours,  1012 
Fibroid  tumour,  1012,  1014 

recurrent,  1032 

of  uterus,  1016 
Fibroma,  1012 

of  bone,  1015 

firm,  1014 

of  glands,  1016 

of  nerves,  1015 

soft,  10 1 2 
Fibro-plastic  tumour,  1032 
Fibro-saicomata,  1040 
Fibrous  tumour,  1012 

union  of  ununited  fracture,  566 
Fibula,  dislocations  of,  714 

fractures  of,  644 
Fiftb  nerve,  disorder  of  vision  from  injury 

of,  832 
Figure-of-8  suture,  312 

bandage,  586 
Fingers,  amputation  of,  91 

chancre  on,  1105,  1123 

dislocation  of,  688,  691 

division  of  extensor  tendons,  505 

fractures  of,  607 
Fischer's  statistics  of  varicose  aneurism,  470 

of  wounds  of  heart,  872 
Fistula  (Lat.  a  pipe),  257 

aerial,  839 

salivary,  826 

treatment  of,  258 
Flap-amputation,  59,  91 

double,  60 

long  palmar,  100 

rectangular,  66,  67 

single  long,  66 

Spence's,  68 

Teale's,  66,  67,  68,  100,  126 
Flexion  in  arterial  hsemorrhage,  419^ 
Flower,  relative  frequency  of  dislocations,  673 

statistics  of  fracture  of  upper  limb,  518 
Fluxion,  152 
Fcctus,  syphilis  of,  1158 

with  113  fractures,  517 
Follicular  cysts,  999 
Fomentations,  211 

Food,  administration  of,  in  cut  throat,  839 

innutritions,  a  cause  of  scrofula,  1095 
Foot,  amputation  of,  109 

anatomical  guides  in,  iio 

arteries  of  wounded,  481,  482 

disarticulation  of,  116,  117 

dislocations  of,  716 

fractures  of,  646 

gangrene  of,  906,  91 1 

gun-shot  wounds  of,  355 
Forceps,  bull-dog,  70,  425 

bullet-,  350 

forci-pressure,  423 
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Forceps — nontinued. 

for  removing  small  bodies,  335 
torsion-,  421 
sinus-,  250 
Forci-pressure  in  hmmorrlinge,  422  - 
FouKAKM,  amputation  of,  loi 
results  of,  86,  108 
arteries  of,  wounded,  478 
dislocation  of  bones  of,  681 
fractures  of,  598 — 60 1 
compound,  601 
Forehead,  injuries  of,  826 
Foreign  Bodies  in  air-passage,  839 

statistics  of  operations  for,  removal 

of,  843 
treatment  of,  843 
in  bladder,  894 
brain  injured  bj',  755 
in  chest,  removal  of,  865,  868 
ears,  827 

gun-shot  ^younds,  348 
incised  wounds,  309 
lung,  861 
nostrils,  827 

■  esophagus  and  pharynx,  852 
rectum,  897 
skull,  764 

removal  of,  765 
vagina,  897 
irnder  eyelids,  828 
Forster,  Cooper,  torsion  of  cut  arteries,  420 
Fracture,  516 

accidents  in  treatment  of,  542 
amputations  in  simple,  552 
compound,  554 
secondary,  in  compound,  563 
with  ankylosed  joint,  552 
anemisms  in,  549,  550 
arteries  wounded  in,  547,  548,  556 
badly  set,  treatment  of,  565 
bandages  in,  535 
causes  of,  516,  517 
changed  shape  of  limb  in,  522 
comminuted,  520,  551,  556 
complicated,  520,  547 
complicating  dislocation,  552,  557 
.   compound,  519,  552 

amputation  in,  554 
secondary,  563 
complications  of,  557,  561 
necrosis  of  ends  of  fragments  in, 
563  . 

septic  inflammation  and  suppura- 
tion in,  561 
treatment  of,  558 
union  of,  553 
conditions  of  bones  predisposing  to, 
517 

by  contrecoup,  516,  728 
crepitus  in,  524 
delayed  union  in,  566 
depressed  of  skull,  742,  743 
diagnosis  of,  524 
direction  of,  520,  523 
displacement  in,  522,  533 

direction  of,  523 

prevention  of  return  of,  533 
at  epiphyses,  521,  556 


Fracture — cantimicd. 
into  excised  joint,  552 
extravasation  of  blood  in,  544,  555 
false  joints  after,  567,  571 

removal  of,  572 

treatment  of,  571 
fat-embolism,  543 
fissured,  521 
gangrene  in,  545 
green-stick,  506,  520 
hajmorrliage  iu,  556 
hereditary  tendency  to,  519 
hypostatic  pulmonary   congestion  in, 
544 

impacted,  520 

diagnosis  of,  524 
from  indirect  violence,  516 
incomplete,  520 

influence  of  age  and  sex,  517,  518 
into  joints,  551,  555 
intra-uterine,  517 
longitudinal,  521 
mobility  of  bone  in,  523 
multiple,  520 

from  muscular  action,  516,  579,  603 
nature  of,  519 
oblique,  521 
ojdema  in,  544 
partial,  520 

percussion  of  ends  of  bone,  571 
plaster-of-Paris  bandage  in,  539 
predisposing  causes  of,  517 
pimctured,  521 
reduction  of,  532 

in  reduction  of  old  dislocations,  657,  679 
re-setting  of,  564 
signs  of,  522 
simple,  519 

clinical  course  of,  531 

injuries  of  nerves  in,  550 

treatment  of  constitutional,  531 
surgical,  532 

union  of,  526,  530 
spasm  of  muscles  in,  544 
spiral,  521 
splints  in,  535 
spontaneous,  518 
starched  bandage  in,  536 
stellate,  521 
in  stumps,  552 
transverse,  520 
traumatic  delirium  in,  542 
treatment  of,  531 
with  unreduced  dislocation,  552 
ununited,  566 

causes  of,  567,  568 

treatment  of,  569 
union  of,  526 
varieties  of,  519 
venous  thrombosis  in,  550 
Fraoturioh,  si'eoial,  574 
of  acetabulum,  609 

acromion,  589 
about  ankle-joint,  641 

compound,  645,  646 
of  arm,  590 
astragalus,  647 

comminuted,  647 
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Fractures,  speciaIv — oontinued. 
oF  calcaneiim,  646 

cartilages  of  ribs,  579,  581 
clavicle,  582 

comminuted,  584 
signs  of,  583 
treatment  of,  605 
coccyx,  610 
Colles',  601 

cause  of  deformity  in,  602 
meclianism  of,  603 
treatment  of,  605 
of  coraeoid  process,  589 

coronoid  process  of  lower  jaw,  576 

of  ulua,  600 
costal  cartilages,  579,  581 
at  elbow-joint,  595,  597 

compound  and  comminuted,  597 
of  facial  bones,  574,  575 
femur,  610 

in  attempts  to  reduce  old  disloca- 
tions, 708 
complicating  dislocated  hip,  709 
gun-shot,  354,  576 
lower  end  of,  628 
neck  of,  compound,  621 
extracapsular,  617 
treatment  of,  619 
impacted  extracapsular,  618 

intracapsular,  6 1 7 
inti'acapsular,  6i  i 
cause  of,  611 
signs  of,  612 
union  of,  615 
irnimpacted,  618 
diagnosis  between  intra-  and 
extra-capsular  fracture,  620 
shaft  of,  622 

compound  and  comminuted, 
627 

treatment  of,  622 
through  trochanter,  621 
fibula,  lower  end,  644,  715 

shaft,  638 
fingers,  607 
foot,  646 

forearm,  598—601 

compound,  601 
humerus,  590 

in  attempt  to  reduce  old  dis- 
location, 679 
condyles  of,  595 
head  of,  compound,  594 
lower  end  of,  595 
neck  of,  compound,  593,  594 
exti-acapsular,  591 
impacted  extracapsular, 
592 

intracapsular,  590 
nerves  injured  in,  596 
shaft  of,  594 
tubercle  of,  593 
upper  end  of,  590 
hyoid  bouc,  579 
jaw,  lower,  576,  579 
upper,  575 
into  knee-joint,  629 
of  lachrymal  bone,  575 


Fractures,  special — continv"./. 
of  larynx,  835 

of  leg,  355.  638 

coinjilications  of,  641 

treatment,  546  et  scq. 
malar  bone,  575 
malleoli,  645 
metacarpus,  607 
metatarsus,  648 
nasal  bones,  574 

septum,  575 
olecranon,  598,  599 
OS  calcis,  646 
patella,  630 

necrosis  of,  637 

treatment  of,  632 

imion  in,  631 
pelvis,  607 
Pott's,  641,  642 

of  radius,  601.    See  Fractures,  Colles' 
ribs,  579 — 82 

in  attempts  to  reduce  old  disloca- 
tion, 679 
sacrum,  609 
scaphoid  bone,  648 
scapula,  588 

neck  of,  590 
processes,  589 
near  shoulder-joint,  589 
of  skull,  727,  728.    See  Skull 
spine,  816 
sternum,  581 
tarsal  bones,  647 

thigh-bone,    610.    See   Fracture  of 
femur 

tibia,  lower  end,  638,  641 
shalt,  638 
compound,  641 
trochanter  major,  621 
ulua,  processes  of,  600 

shaft,  600 
Tapper  extremity,  5S2 
at  wrist,  601 
of  zygoma,  575 
Frankel,  tapping  in  abscess,  253 
Fricke,  tornon  of  arteries,  420 
Friction  in  chronic  inflammation,  166,  221 
Frigorific  mixture,  36 
Frost-bite,  397 

gangrene  from,  398 
treatment  of,  399 
Fumigation,  mercurial,  in  syphilis,  1138 
Function  modified  by  inflammation,  1S2 
Functional  causes  of  inflammation,  175 
Fungating  sores,  1 104 
Fungus  (Lai.  a  mushroom)  cerebri,  782 

ha?matodes  {alfia,  blood),  1030 
Furuncle,  919 

Gait  affected  by  spinal  concussion,  799 
Galen,  am])utation  for  gangrene,  56 

torsion  in  ha^morrhnge,  419 
Galvanic  cautery  in  sinus  or  fistula,  25S 
Gamgee  on  rupture  of  heart,  872 

on  glanders,  380 
GiVNGRENE  {yiy-ypaiva,  from  ypiu,  I  cOITodc), 
162,  902 
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Gaxgrenk — continued. 
acute,  902 

auiputation  in,  329,  399,  461,  48i,'563, 

916 
arrest  of,  911 

from  arrest  of  arterial  supply,  458,:  903, 
904 

a  cause  of  death  after  operation,  1 7 

causes  of,  903 

chronic,  902 

constitutional,  902,  904 

contagious,  927 

diagnosis  of,  911 

dry  or  mummified,  902 

emphysematous,  936 

from  diabetes,  907 

from  embolism,  907,  917 

in  fractures,  545 

from  frost-bite,  398 

from  ergot-poisoning,  904 

hospital,  77,  927,  931    jSee  Phagedfena 

incisions  in,  913  1 

from  intiammation,  162,  909 

after  ligature,  458,  905 

causes  of,  459 

character  of,  460,  904 

treatment  of,  460 
line  of  demai  cation,  91 1  ; 

of  separation,  91 1 
local,  902,  904 
local  signs  of,  902 
moist,  902 

mummiKcation  in,  906 

from  obstructed  circulation,  903 

prognosis  of,  912 

pulpy.  931  ■   ■  ■  ■ 

senile,  905 

amputation  in,  917 
treatment  of,  914 
separation  of  sloughs  in,  91 1  /  ..y., 
spontaneous,  902,  908,  916  '■. : 

senile,  905,  911 
stimulants  in,  913 
from  strangulation,  909 
symptoms  of,  903 
from  thrombosis,  907 
from  tight  bandaging,  535,  545 
traumatic,  329,  904 
spreading,  330,  936 
causes  of,  936 
symptoms  of,  936 
treatment  of,  937 
treatment  of,  912 

constitutional,  912 , 
local,  913 
vai-ieties  of,  902,  903 
from  venous  obstruction,  908 
Gangrenous  inflammation,  177  j 
phagedrena,  1104,  1123  '  1 

vulvitis,  925 
Carre,  inoculation  of  staphylococcus  of  boils 
179,  920  ' 
Gases,  noxious,  asphyxia  from,  851 

in  putrefaction,  169 
Gastrotomy,  855 
Gelatinous  cancer,  1060 
Ginital    organs,    scrofulous    affection  of, 
1092 
VOL.  I. 


Ji8s 

;  Genital  ovg&-na—contimied. 
syphilis  of,  1121 
wounds  of,  894 
Genito-urinary   organs,    affected  in  spinal 
concussion,  Soi,  812  ■  ' 

Geographical  distribution  of  cancer,  1049, 
1053 

Gerdy,  treatment  of  air  in  veins,  487 
I  Germ-theory,  172,  232,  382,  940  ir' 
I         facts  for  and  against,  928  ■  ■) 

Giant-celled  sarcoma,  1034  m 
Gibson,  axillary  aneurism,  474  > 
Giraud-Teulon,  measurement  in  injvnies  of 
hip,  615 

Girdlestone,  kangaroo-tendon  ligatures,  439- 
Glands,  fibromata  of,  1016  :r. 
lymphatic.    See  Lymjihatic  Glands 
scrofulous  disease  of,  1092  ■  : 

Glanders,  379  ■  n 

in  the  horse,  379  .:) 
in  man,  380  ■.  n 

diagnosis,  380  ,■:.! 
duration,  381 
pathology,  380 
prognosis,  381 
treatment,  381 
Glandular  cancer,  1055 
diagnosis  of,  106 1 
tumours,  1028 
Glazing  of  wounds,  277  : 
Glioma  {yX'ia,  glue),  1032 
Glossitis,  chronic  superficial,  1146      ,  :  > 
Glottis,  loss  of  sensibility  of,  837 

scalds  of,  846 
Gluteal  artery.    See  Artery,  Gluteal 
Glycerine  as  an  antiseptic,  196,  203,  385 
Gooch's  .siJlint,  535 
Godlee,  melanitic  sarcoma,  1038 

trephining  for  meningeal  hsemorrhage, 
775 

Gordon,  splint,  606 

on  Colles's  fracture,  601 

trejDhining  the  spine,  822 
Gostling,  white  corpuscles  in  inflammation, 
189 

Gowers,  syphilitic  epilepsy,  1155 

syphilis  a  cause  of  locomotor  ataxy, 
1131,1156 

j)athology  of  hjdrophobia,  370 
Gouty  inflammation,  164,  177 
Granulation-sarcoma,  1031  \) 

-tis.'sue,  279,  280,  285,  412 
Granulations,  264,  283 

union  by,  241,  283 — 288 
Granuloma,  syphilitic,  1127 
Grape-shot,  injuries  from,  342 
Gravitation  abscesses,  242 
Greene,  statistics  of  entrance  of  air  into 

veins,  484  ; 
Greenish,  hereditary  tendency  to  fracture 
519 

Greifswald,  statistics  of  amimtations,  8i 
Gross,  statistics  of  foreign  bodies  in  aii--; 

passages,  842,  843  ■■■.■.r.W 
Growths.    See  Tumours 

vascular.    See  Naivus 
Gucretin,  ununited  fracture,  569 
Guerin,  avulsion  of  arm,  658,  68i  ! 
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Guorin,  cotton-wool  dressing,  315,  322 
Gullot.    See  ffisopliagus  and  Pliarynx 
Gulliver,  wliLte  corpuscles  in  intianimation, 
189 

Gumma,  syphilitic,  11 27,  1128 
Gunmiata,  in  syphilis,   1129,   1142,  1146, 
1151 

Gunpowder,  injuries  from,  339 
Giudt,  statistics  of  cancer,  1047 

excision  of  the  hip,  356 

excision  of  the  knee,  357 

excision  of  the  shoulder,  359 

excision  of  the  wrist,  360 

statistics  of  fractures,  518  et  seq. 
Gun-shot  wounds,  338 

amputation  in,  353 
period  of,  360 

apertures  of,  341 

characters  of,  338 

direction  of,  340 

excisions  in,  356 — 360 

haemorrhage  from,  344,  345 
arrest  of,  347 

inflammation  in,  344 

ligature  in,  351 

of  joints,  356 

pain  in,  343 

removal  of  foreigu  bodies  in,  348 
shock  in,  343 
symptoms  of,  343 
treatment  of,  346 — 353 
of  ankle-joint,  356,  358 

hladder,  892 — 4 

chest,  581,  865 

face,  576 

femur,  340,  356 

foot,  341,  355 

liand,  355 

heart,  871 

hip-joint,  354 

intestine,  880 

knee,  356 

leg,  355 
lower  jaw,  579 
lungs,  857,  866 
mouth,  834 
shoulder-joint,  358 
skull,  727 
urethra,  895 
wrist,  359 

Guthrie,  atrophy  of  muscular  wall  of  abdo- 
men from  blows,  504 

ball  lodged  in  brain,  764 

gun-shot  wounds,  338,  341,  342,  343, 
356,  358,  360,  763,  866,  867,  892 

hernia  cerebri,  783 

treatment  of  arterial  hajmorrhagc,  414, 

446,  449,  471  ^  ^ 

treatment  of  gangrene,  460,  461 


HiEMARTHROSIS,  507 

Hcematoma  (cSfxa,  blood),  303,  1004,  1039 

of  car,  1004 
Hcemophthalmia  (al/ua,  blood  ;  o^0a\n6s,  an 
eycl,  829 

Hsemoptysia  in  injuries  of  lungs,  866 


H^EMOnnHAGE  {aXfxa,  blood  ;  piyvv/M,  1  break 
forth),  410,  413 
during  operation,  how  prevented,  43 
into  abscesses,  256 
in  amputation,  how  prevented,  70 
arrest  of,  70,  408 

in  incised  wounds,  276,  307,  309 

in  gun-shot  wounds,  347 
arterial,  400,  402,  414,  458,  935 

consecutive,  in  gun-shot  wounds.  3^5 
constitutional  effects  of,  403 

treatment  of,  404 
in  fracture  of  base  of  skull,  734 
in  fracture  of  leg,  641  (see  556) 
in  gangrene,  914 
from  gixn-shot  wounds,  344,  345 
in  hospital  gangrene,  932 
from  contused  wounds,  331 
from  incised  wounds,  307,  309 
local  signs  of,  402 
meningeal,  trephining  for,  775 
after  operations,  16 
permanent  arrest  of,  natural,  41 1 

by  operation,  414 
primary,  in  gun-shot  wounds,  344 

arterial,  446,  448 
secondary,  in  gun-shot,  345 

after  occlusion  of  arteries,  449, 

450 

causes  of,  449 — 452 
periods  of  occurrence  of,  453 
phenomena  of,  449,  452 
prevention  of,  453 
treatment  of,  449,  454 
from  stumps,  456 
temporary  arrest  of,  natural,  409 

surgical,  414 
tourniquet  used  in,  415  (see  43) 
transfusion  in,  404 
treatment  of,  404 

by  acupressure,  440 
cauterization,  417 
cold,  415 
flexion,  419 
hot  watei',  415 
ligature,  423.    See  Ligature 
pressure,  418 
styptics,  416 
torsion,  419 
venous,  402 

in  wounds  of  lung,  858.  S63 
of  throat,  835—838 
Hfemorrhagic  pulse,  403 
infarct,  969,  9S3 
ulcer,  272 

Hfemothorax  (af/in,  blood  ;  Bupa^,  the  cl>est\ 
859 

treatment  of,  865 
Hair,  syphilitic  aflcctions  of,  1143 
in  infants,  1 160 
-tumours,  1007 
Halford,  treatment  of  snake-bite,  365 
Hall,  Marshall,  trpatment  of  as|>hyxio  from 

drowning,  848 
Hamilton,  amputation  in  gunshot  injurii--, 

355 

double  thigh  splint,  626 

fracture  of  coronoid  process  of  ulua,  600 


INDEX. 


Hamilton — oonthmed. 

hot  water  in  arterial  haemorrhage,  415 

statistics  of  dislocation  of  hip,  650 
Hand,  anipntations  of,  91 

aneurism  of,  traumatic,  480 

arteries  of,  wounded,  478,  479 

dislocations  of,  686 

fractures  of,  607 

gun-shot  wounds  of,  355 
Hanging,  mode  of  death  from,  852 
Harley,  classification  of  causes  of  asphyxia, 
846 

Haviland,  geographical  distribution  of  can- 
cer, 1049 

Hawkins,  ulcer  of  duodenum  in  burns,  390 
Head,  effect  of  spinal  concussion  on,  798 

erysipelas  of,  957 

injuries  of,  721 

movements  of,  affected  by  spinal  con- 
cussion, 799 
Head-symptoms  produced  by  chloroform,  26 
Healing  process,  279 

circumstances  affecting,  288 
Health,  state  of,  influence  on  production  of 
erysipelas,  939 
on  repair  of  injuries,  275,  290 
on  result  of  amputation,  78 

of  operations,  5.    Sec  also  the 
various  Operations 
Healthy  inflammation,  175 
mucus,  233 
ulcer,  264 

Hearing,  afl'ected  in  spinal  concussion,  798 
Heart,  action  of,  diminished  by  hEemor- 
rhage,  409 

effect  of  spinal  concussion  on,  802 

enfeebled  action  of,  predisposes  inflam- 
mation, 163 

examination  of,  before  operation,  6 

rupture  of,  872 

state  of,  in  pyremia,  982 

syphilitic  disease  of,  1154 

wounds  of,  870.  871 

symptoms  of,  872 
Heat,  effects  of,  386.    See  Burns 

a  cause  of  iuHammatioi),  166 

gangrene  from  abstraction  of,  460 
from  incautious  use  of,  460 

increase  of,  in  inflammation,  182 

use  of,  in  inflammation,  210 
Heath,  C. ,  dissection-wounds,  384 

recurrent  alveolar  tumours,  1037 

treatment  of  fractured  patella,  632,  635 
Heath,  G.  Y. ,  forcible  ilexion  in  hajmor- 

rhage,  419 
Hectic,  238  (see  927) 

treatment  of,  256 
Heister,  foreign  liody  in  windpipe,  843 

trephining  the  spine,  821 
Hennen,  bullets  lodged  in  skull,  764 

gun-shot  wounds,  338,  343,  360,  866, 
868 

Hereditary  origin  of  cancer,  1046,  1052 

of  s('rofula  and  tubercle,  1095 

tendenc  y  to  f'r:icture,  519 
Hernia  cerebri,  783 

treatment  of,  784 

of  lung,  8O9 


Herpes  of  penis,  diagnosis  from  chancre, 
1 106 

Hewett,  fracture  of  base  of  skull,  734 — 737 
Hewson,  mortality  from  shock,  79 
Hey's  amjiutation  of  the  foot,  112,  114 
.  by  triple  incision,  59 

saw,  745,  746,  786 
Hill,  Berkeley,  alveolar  sarcomata,  1037 

syphilitic  alopecia,  1144 

indolent  bubo,  11 12 

treatment  of  simple  chancres,  1107 

glandular  enlargement  in  syphilis,  1131 

incubation  of  syphilis,  1114,  11 19 

inherited  syphilis,  11 58 

fractui-ed  spine,  820 

subcutaneous  injection  of  mercury  iu 
syjihilis,  11 38 
Hilton,  treatment  of  irritable  ulcer,  270 

traumatic  emphysema,  859 
Hip,  amputation  at,  136 
results  of,  142 
dislocations  of,  692,  708,  709 
fractures  near.    See  Fracture  of  ftmur 
gun-shot  wound  of,  354,  356 
wound  of,  514 
Hippocrates,  treatment  of  gangrene,  55,  56 
His,  adenoid  tissue  of,  1023 
Hitzig,  localization  of  cerebral  functions, 
759 

Hodgen's  suspension  sjjlint,  625 

Hodgkin's  disease,  1024 

Hoffmann,  wounds  of  thoracic  duct,  873 

formation  of  ]3us,  230 
Holden,  division  of  arteries  in  amputations, 
124 

Holmes,  wound  of  theca  vertebralis,  825 
Holthouse,  congenital  dislocation  of  patella, 
710 

Home,  Sir  E.,  fatal  rattlesnake  bite  iu 

England,  363 
Hood,  Wharton,  treatment  of  lawn  tennis 

leg,  503 
Horns,  looi 

Horsley,  migration  of  blood  corpuscles,  155 
method  of  ti  ephining,  786,  788,  789 
treatment  of  hydrophobia,  374 

Hospital  gangrene,  927,  931.    See  Phage- 

d.Tena 

a  cause  of  death  after  operations,  17 
after  amputation,  77 
outbreak  of,  933 
Hospitalism,  88 

Hospitals,  hygiene  of,  13,  14,  88,  931,  943 

impurities  in,  174 
Hot  water  in  hnsmorrhage,  415 
Howard,  treatment  of  comminuted  gun-sliLt 

fracture,  351 
Hugo  of  Lucca,  use  of  the  spongia  somnifeni, 

19 

Hulke,  cerebral  abscess,  781,  782 
HuMEiius,  dislocations  of,  669.    Sec  Disk- 
cations 

excision  of,  for  gun-shot  injury,  358,  359 
fractiu-es  of,  526,  590.    Sec  Fractures 
Hunter,  John,  definition  of  a  tumour,  991 
biles  of  rabid  animals,  367 
gun  shot  wounds,  338,  360 
hot  water  in  arterial  hsemorrhnge,  415 
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ligiituio  of  arteries,  424 
infection  of  mu  se  liy  cbild,  1116 
temperature  in  infliiiiimation,  182 
theory  of  inHnnunation,  150 
union  of  wounds,  266,  274,  275 
unity  of  venereal  diseases,  iioi 
varieties  of  inflaniniation,  175,  176 
Hunter,  W.,  aiterio-venous  wounds,  466 
Huuterian  cliancre,  1120.    Sen  Cliancre 
Iluteliinson,  C. ,  incisions  in  erysipelas,  954 
Hutcliinsou,  J.,  infantile  syphilis,  1158 

infection  of  mother  by  syphilitic  foetus, 
1118 

interstitial  keratitis,  1163 
syphilis  regarded  as  a  specific  fever, 
HIS 

syphilitic  teeth,  11 60 
Hutin,  gun-shot  wounds  in  thigh,  354 
Hydatid  cyst,  1008 

Hydhophojiia  (&5cop,  water ;  <p6^os,  fear). 
36s 

absence  of,  in  Africa,  366 

excision  of  bite  in,  371 

palliative  treatment  of,  374 

Pasteur's  preventive  treatment  of,  372 

pathology  of,  370 

prognosis  of,  370 

symptoms  of,  366 

in  the  dog,  366 

in  man,  368 
treatment  of,  371 
use  of  caustics  in,  372 
Hygiene  of  hospitals,  4,   13,  14,  88,  931, 
943 

Hygienic  conditions,  influence  of  on  result  of 
operations,  7 — 15,  88,  89 
on  2'rodnction  of  erysipelas,  939,  943 
of  pyaemia,  928 

of  septic  diseases,  172,  214,  926 
Hyoid  bone,  fracture  of,  579 
Hyperseinia  (bTre'p,  over;  afua,  blood) 
active  local,  145,  152 

causes  of,  145 

effects  of,  146 

syinjjtoms  of,  146 
passive,  146 

causes  of,  147 

effects  of,  148 

sym7)toms  of,  149 

treatment  of,  149 
See  Congestion,  Determination,  and 

Inflammation 
Hyperpyrexia,  187 

Hysteria,   diagnosis  of  spinal  concussion 
from,  807 


Ice,  application  of,  in  cancer,  1069 
in  inflammation,  203,  210 

as  an  ana-sthetic,  36 
Jcliorous  ])us,  230 
lutliyosis  linguiu,  1146 
Idicijiatliic  inflammation,  177 

erysii)e]ns  of  head,  957 
Hio-femoral  ligament,  693 

triangle,  614 
Ilio  sciatic  dislocation,  695,  702 


Impacted  fracture,  520 

diagnosis  of,  525 
Inciseu  wounds,  306 

antiseptic  dressing  of,  308 
coaptation  of  opposed  surfaces  of,  309 
decomposition  prevented  in,  166,  195, 
313 

haemorrhage  in,  307 
inflammation  of,  325 
pain  in,  306 
perfect  drainage  in,  312 
plasters  in,  312 
removal  of  foreign  bodies,  309 
separation  in,  307 
sutures  in,  309 
symptoms  of,  306 
treatment  of,  307 
See  also  Wounds 
Incision  of  abscesses,  253 
Incisions  in  inflammation,  208,  209 

in  operations,  40 
Incomplete  dislocation,  649 

fracture,  520 
Incubation  of  syphilis,  11 14,  11 19 
Indolent  enlargement  of  lymphatic  glands, 
1 123 
ulcer,  268 
Indurated  chancre,  11 20 
Induration  of  chancre,  1121 
Infantile  syphilis,  1157 
Infants,  erysipelas  of,  956 
overlaying  of,  851 
syphilis  in,  1 157 
Infection  of  wounds,  171,  308,  926 
Infective  fluids,  bacteria  in,  167 — 171.  967 

inflammation,  172,  173,  177,  178 
Infiltration  in  gun-shot  wounds,  344 
Inflamed  ulcer,  270 
Inflammation,  acute,  150,  179 
blood  changed  in,  iSo,  184 
blood-letting,  general,  in  inflammation, 
205 

blood-vessels  in,  180 

a  cause  of  gangrene,  162,  909 

catarrhal,  225 

causes  of,  162 

predisposing;  162,  163 

exciting,  164 
cold  in  treatment  of,  203,  210 
constitutional  symptoms  of,  183 
croupous,  179 
curative  treatment  of,  204 
diuretics  in,  207 

fever  in,  183.     Sec  Inflammatory  Fever 
function  disturbed  by,  182 
gangrenous,  162,  177 
gDUty,  177 
healthy,  175 

licat  in  triiatmcnt  of,  210 
idiopatliic,  177 
iiifeclivc,  172,  177,  1 78 
interstitial,  179 
irritants,  165 
local  signs  of,  179 
microscopic  changes  in,  150—160 
pain  in,  iSi,  194 
])arenchymatous,  179 
phenomena  of,  151,  193 
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phlegmonous,  179 
preventive  treatment  of,  194 
redness  in,  180 
resolution  oF,  160 
rlieuniatie,  177 
simple  localized,  177 
spreading,  177 
strnmous,  177,  1090 
suppurative,  161,  176 
swelling  in,  181 
symptoms  of,  180 
syphilitic,  177 
temperature  in,  182 
terminations  of,  160 
theory  of,  150 
tissue-changes  in,  157 
traumatic,  177 
treatment  of,  192,  205 

constitutional,  205.     Sec  Inflam- 
matory Fever 

local,  208 

preventive,  194 
ulcerative,  162,  176 
unhealthy,  175 
varieties  of,  175 
Inflammation,  chronic,  179,  214 
causes  of,  217 

a  cause  of  ulceration,  162,  176 

diet  in,  220 

pain  in,  219 

pathology  of,  214 

phenomena  of,  219 

I'est  in,  212 

swelling  in,  219 

symptoms  of,  constitutional,  219 
temperature  in,  219 
treatment  of,  constitutional,  219 
local,  221 
Inflammation,  subacute,  217 
Inflammation,  adhesive,  nnion  by,  175, 
27s 

of  areolar  tissue,  diffuse,  955 
of  brain,  traumatic,  776 
in  burns,  389 
erysipelatous,  939,  956 
in  gun-shot  wounds,  344 
of  incised  wounds,  325 

internal  organs,  after  operation,  17 
joints,  traumatic,  509 
lungs   and    bronchi,    from  foreign 
bodies,  840 
strumous,  177.    See  Scrofula 
syphilitic.    See  Syphilis 
of  veins,  400 
Inflammation,  catahuhal,  225 
sym])toms  of,  227 
treatment  of,  227 
varieties  of,  226 
inflammation,  septic,  from  fracture,  561 
Inflammatory  efl'usions  within  the  skull,  772 
Inflammatory  fever,  183,  298 
asthenic,  191 

treatment  of,  212 
irritative,  192 

treatment  of,  211 
sthenic,  190 

treatment  of,  205 


Inflammatory  fever — -continued. 

traumatic  delirium,  298 
treatment  of,  299 
Inflammatory  lymph,  157,  176 
Inhalers,  chloroform,  22 
Injection  of  abscesses,  253 

of  sinuses,  258 
Injury,  amputation  for,  55,  85 

effects  of,  constitutional,  290 

remote  constitutional,  300 
remote  local,  300 
Inoculation  of  labies,  368,  372 
Innocent  tumours,  992 
Inoculability  of  chancre,  1105,  11 10 
Insects,  stings  of,  362 
Instruments,  amputating,  70 

for  removing  bullets,  350 
Intensive  treatment  of  hydrojjhobia,  376 
Intercostal  artery,  wounds  of,  473 
Intermediate  secondary  li?emorrhage,  449 
Internal  organs,  inflammation  of  after  opera- 
tion, 17 

states  of  contra-indicating  operation,  6 
Interrupted  suture,  310 
Interstitial  keratitis,  1163 

inflammation,  179 
Intestine,  rupture  of,  877 
state  of,  in  pysemia,  984 
wounds  of,  880 

treatment  of,  885 
Intracranial   {intra,   Avithin  ;   Kpaviov,  the 
skull)  extravasation  of  blood,  769 
suppuration,  725,  778,  780 

symptoms  and  diagnosis  of,  780 
treatment  of,  726,  781 
Intracystic  growths,  1005 
Intrameningeal  (intra,  within  ;   i^vviy^,  u 

membrane),  suppuration,  779,  780 
Inunction,  mercurial,  1138 
Iodide  of  potassium  in  chronic  inflammation, 
220 

ill  syphilis,  1 140 
Iodide  of  ammonium  and  sodium  in  syphilis, 
1 140 

lodo-carbon    paste    in    chancrous  sores, 
1 107 

Iodine  in  chronic  inflammation,  224 

in  scrofula,  1098 

in  syphilis,  1139,  1140 

as  an  antiseptic,  201 
Iodoform  in  chancre,  1106 

as  an  antiseptic,  201,  324,  347 
Iritis,  {Ipts,  the  iris  ;         denoting  inflam- 
mation), syphilitic,  1149 
Iron,  perchloride  of.    See  Percliloride 

in  scrofula,  1097 

in  syphilis,  1141 
Irrigation,  mode  of  applying,  204 
Irritable  ulcer,  270 

Irritants,  causing  inflammation,  164,  235  ■ 

chemical,  166 

functional,  175 

mechanical,  165 

nervous,  175 

organized,  171 

physical,  166 
Irritation,  cerebral,  752 

treatment  of,  753 
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Irritative  fever,  192 

treatment  of,  211 

traumatic  (leliriuiii,  298 
Iscliio-rectal  fossn,  dilfuse  cellulitis  of,  959 
Issues,  223 
Ivory,  exostosis,  1020 

liegs  for  fulse  joint,  571 


JACK.so^%    Hewlings,  cpilepsv  after  head 

injury,  785 
Jaeobson,  cases  of  meningeal  extravasation, 

770 

Jalaguier,  fractures  of  patella,  636 
Jamain  on  wounds  of  the  lieart,  871,  872 
James,  extension  by  weiglits,  624,  625 

screw-collar,  396 
Jameson,  deer-skin  ligatures  used  by,  435 
Jaw,  lower,  dislocations  of,  663 
fractures  of,  576 

treatment  of,  577,  578 
gun-shot  wounds  of,  579 
subluxation  of,  664 
upper,  fracture  of,  575 
Jennings,  transfusion  of  blood,  407 
Jessop,  wound  of  ulnar  nerve,  495 
Jobert's  suture,  889 

Joints,  amputation  at.     Sec  Amputation 
and  the  various  joints 
contusion  of,  507 
dislocation  of.    See  Dislocation 
excised,  fracture  into  site  of,  552 
false,  567,  571 

treatment  of,  571 
fractures  extending  into,  551 
gun-shot  wounds  of,  356 
injuries  of,  507 

persistent  pain  or  weakness  in,  508 
scrofulous  disease  of,  1092 
sprains  of,  507 
state  of,  in  iiysemia,  984 
supfiuration  in,  514 
syphilitic  disease  of,  1153 
traumatic  inflammation  of,  509 
wounds  of,  509 

complicating  compound  fracture, 

555 

simple  fracture,  551 
symptoms  and  effects,  511 
treatment  of,  512—  514 
Jones  on  arrest  of  hsemorrhage,  408,  409, 
424,  440 
collatei'al  circulation,  445 
Jones,  Wharton,  the  eye  in  spinal  injury, 
803 

red  corpuscles  in  effective  inflammation, 
150,  189 

Jordan,  F.,  oval  amputation  at  hip-joint, 
142 

Jugular  vein,  wounds  of,  472,  836 
opening  of,  for  air  in  veins,  488 


Kanoa  ROO-TENDON  ligatures,  439 
Keratitis   {icepas,  horn  :  the  cornea ;  His, 
denoting  infhunniation),  chronic  inter- 
stitial, 1 163 
Kerr,  amputation  at  hip-joint,  136 


1  K1DNKY8,  disease  of,  influence  iu  erj'sipelas, 

i  953 
I  on  operations,  7 

rupture  of,  876,  877 
of  pelvis  of,  891 
state  of,  in  pyainiia,  983 
wounds  of,  891 
Kirkland,  arrest  of  haemorrhage,  408 
K  L EBS,  microscopic  organisms  i n  i n  fee t ion ,  1 7 2 

in  syphilis,  11 14 
Klein,  organisms  in  suppuration,  232 

inoculation  of  anthrax,  378 
Knee-joint,  amputation  at,  128 
results  of,  132 
dislocations  of,  712 
extraction  of  needles  from,  336 
fractures  near,  628 
gun-shot  wounds  of,  356 
subluxation  of,  713 
wounds  of,  515 
Knives,  amputating,  70 
Knot,  clove-hitch,  654 

ligature,  425 
Koch,  inoculation  of  infective  fluids,  173, 
933,  968,  969 
microscopic    organisms    in  unhealthy 
inflammation,  9,  11,  172,  179,  232, 
377.  940,  646,  1083— 1080 
perchloride  of  mercurj'  as   an  anti- 
septic, 198 
chloride  of  zinc  as  an  antiseptic,  zoo 
Kocher,  reduction  of  subcoracoid  disloca- 
tions, 676 
treatment  of  fracture  of  patella,  636 
Kbhler,  aseptic  traumatic  fever,  297 
Koller,    Carl,   use   of  cocaine   as  a  local 

anresthetic,  37 
Konig,  treatment  of  fractured  spine,  820 

of  hospital  gangi-ene,  934 
Kramer,  antiseptic  treatment  of  ft-actured 
skull  with  wound  of  brain,  746,  789 
Kraske,  antiseptic   treatment  of  gun-shot 

wounds,  351 
Krcinlein,  predisposing  causes  of  dislocation, 
649,  681 

Kiister,  cancer  of  the  breast,  1073,  1074 


Labial  chancres,  1122,  1157 
Lacerated  wounds,  327 
Laceration  of  abdominal  viscera,  874 
of  arteries,  401 

brain  and  membranes,  754  ct  scq. 

causes  of,  755 

diagnosis  of,  764 

post-mortem  appearances  of,  755 

prognosis  of,  765 

symptoms  and  effects  of,  757 — 

764 

treafment  of,  765 — 8 
of  )ierin;eum,  898 
urethra,  895 
veins,  400 
Laohiymal  bone,  fracture  of,  575 
Landolfi,  treatment  of  cancer,  1072 
Lang,  Scott,  on  subluxation  of  knee,  713, 
714 
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Laparotomy  for  gun  shot  wounds,  886 
Liurey,  amputation  at  slioulder-joiut,  107 
at  hip-joint,  136 
mortality  in  primary  amputations,  87, 
360 

gun-shot  wounds,  338,  358,  360 
Laryngitis  {K&pvy^,   the   larynx :   itis,  de- 
noting inrtamraatioii),  erysipelatous, 

959  ,  .  ^ 

Laryngotomy  (Xapuy^,  the  larynx  ;  reyucco,  1 

cut),  for  removal  of  foreign  bodies, 
843 

Laryngo-tracheotomy,  843 

Larynx,  foreign  body  in,  841 
fracture  of  cartilages  of,  835 
syphilitic  disease  of,  1145,  1148,  1 160 
wounds  of,  837 

Lassus,  dislocation  of  occipital  bone  from 
atlas,  823 

Laughing  gas,  35.    See  Nitrous  oxide  gas 
liaugier,   watery  discharge  from  base  of 

skull,  735 
Lawn  tennis  leg,  503 
Lawrence,  classilication  of  erysipelas,  944 
infection  of  nurse  by  syphilitic  child, 
1116 

silk  thread  ligature,  435 
Lawson,    cancer  of  scrotum  in  chimney- 
sweeps, 1048 
Lead-lotion  in  local  inflammation,  204,  322 
Lead-poisoning,    chronic,    a  predisposing 
cause  of  inflammation,  164 
acetate   and  subacetate    of,   as  anti- 
septics, 203 
Lee,    mercurial    fumigation    in  syphilis, 

1 138,  1 139 
Leeches  in  inflammation,  209 

ha;morrhage  from  bites  of,  209 
Tieblanc,  bites  of  i\abid  animals,  367 
Lees,    craniotabes    in    syphilitic  infants, 

1 163 

Leg,  amputation  of,  123 
results  of,  128 
blood-vessels  of,  wounded,  481 
fractures  of,  638 

complications  of,  641 

treatment  of,  546  ct  seq. 
gun-shot  wounds  of,  355 
scrofulous  ulcer  of,  1091 
Legouest,  results  of  hip-joint  amputations, 
142 

Leitcr's  tubes,  204,  514,  778 
Lembert's  suture,  854,  888 
Ligamentum  patella;,  rupture  of,  504 
LicATURE  (Ugo,    I  bind),   oy  aeteries, 
423 

accidents  after,  449 

in  amputations,  70 
application  of,  425 
for  aneurisnial  varix,  467 
of  catgut,  435 

carbolized  silk,  438 

deer  skin,  435 

ox-aorta,  439 

tendon,  439 

wire,  434 
compared  with  acupressure,  443 
with  torsion,  421 


Ligature — oonthmcd. 
in  cancer,  1080 

complicated  fracture,  547 

compound  fracture,  556 
cutting  off  ends  of,  434 
ettects  of,  430 
elastic,  258,  1080 
gangrene  after,  458,  905 
history  of,  423 
in  gunshot  wounds,  352 
materials  for,  433 — 439 
mode  of  operating,  448 
modifications  of,  434 
principles  of  apjilication  of,  425 
temporary,  440 

for  traumatic  aneurism,  462,  465 
for  varicose  aneurism,  467 
without  dividing    inner  and  middle 
coats,  439 

Ligature  of  axillary  artery  for  traumatic 
aneurism,  474,  476 
for  wound,  473 
of  brachial  artery  for  traumatic  aneurism, 
471 

for  varicose  aneurism,  472 

for  wound  of  palmar  arches,  480 

of  carotid  artery  fur  wounds,  471 
for  gunshot  wound,  47 1 
secondary  hcemorrhage  after,  482 
for  traumatic  aneurism,  481 
for  varicose  aneurism,  482 

of  gluteal  artery,  481 

of  external  iliac  for  traumatic  aneurism, 
482 

gangrene  after,  482 
of  internal  jugular,  400 
peroneal  arteries,  482 
popliteal  artery,  482 
radial  artery,  478 
temporal  artery,  472 
tibial  arteries,  481,  482 
ulnar  artery,  478 
Ligature,  elastic,  strangulation  of  tumours 
by,  1080 
in  epithelioma,  1080 
Limbs,  how  affected  in  spinal  concussion, 
800 
artificial,  73 
Linseed-nieal  poultices,  211,  222 
Lip,  chancres  on,  1122 

epithelioma  of  lower,  1064 
syphilitic  disease  of,  1145 
wounds  of,  826 
Lipoma  {\liros,  fat),  loio,  loii 
Lipo-sarcoma,  1040 
Liq^uor  puris,  231 

sanguinis,  efl'usiou  of,  157 
Lisfranc's  operation,  106,  112 
Lister,  action  of  air  in  decomposition,  9 
administration  of  chloroform,  22,  23 
amputation  through  condyles,  132 
antiseptic  treatment,  3,  198,  200,  201, 

320,  352 
aorta-compressor,  50 
asphyxia  foom  chloroform,  25 
bloodless  method,  46 
carbolized  catgut  ligature,  435 
silk  ligature,  438 


INDEX. 


Lister — continued.  L; 
hygienic  coiulitions  in  ampntatioai,  89 
iiiflaniiniitioii  in  tissues,  150,  157 
modification  of  Teale's  amputation,  68  i 
wiring  fracturtd  patella,  636 

Listen,  amputation  hy  tlie  ilap-method,  60 
antesthetics  first  used  in  England  by, 
20 

bull-dog  forceps,  425 
dressing  of  amputation-wounds,  48 
long  splint,  623 
method  of  amputating,  65,  127 
reduction  of  dislocated  hip,  652 
removal  of  tumours,  1014 
spring-backed  bistoury,  40 
treatment  of  ununited  fracture,  570 
water-dressing  for  wounds,  315 
•Lithotomy,  remote  effects  of  operation,  54 
statistics   of,  during  American  War, 
892 

Litten,  the  blood  in   passive  hypersemia,  | 
148 

Litten,  nnd    Leube,    retinal    hsemorrliage,  i 
980 

Little,  injections  into  veins,  407  I 
removal  of  foreign  bodies  from  stomach,  I 
855 

LiVEE,  disease  of,  influence  on  result  of 

.  operation,  7 

rupture  of,  875 

state  of,  in  pytemia,  982 

syphilitic  disease  of,  1154 
Local,  auEestliesia,  36  [ 

induced  by  cold,  36  1 
by  use  of  cocaine,  37 
Localized  peritonitis,  882  ' 
Locomotor  ataxy,  spontaneous  fi-acture  in, 
518 

LOflBer,  bacillus  in  glanders,  381  ' 
Longitudinal  fracture,  521  ; 
Longmore,  mortality  in  the  Crimea  from  ' 
wounds  of  the  chest,  867 
gunshot  wounds,  338 
Lonsdale,  apparatus  for  fractured  jaw,  578 
Louis,  method  of  amputation,  58 
Louis  and  Cline,  trephining  the  spine,  821 
Lowdham,  amputation  by  the  flap-method, 
57,  60 

Lucas,  skin-grafting  by,  267 
Lucas-Champoniere,  trauniiitic  fever,  296 

rules  for  trephining,  766—768 
Liicke,  atheromatous  cysts,  looi 

definition  of  a  tumour,  991 
Lumbar  region  of  spinal  cord,  effect  of  blovvs 
on,  793 

wounds  of,  812 
vertebra-,  strains  of,  815 
Lung,  collapse  of,  in  chest- woujids,  862 
congestion  of,  from  chlorofoim,  26 
in  fractures  of  lower  lijnb,  544 
contusion  of,  856 

disease  of,  influence  on  result  of  orera- 

tion,  7 
foreign  bodies  in,  861 
hernia  of,  869 

inflammation  of.    Sec  Pneumonia 
inflation  of,  with  oxygen  gas  in  asphyxia,  I 
850  •  I 


-'KG—coidinucd. 
rujjture  of,  857 
state  of,  in  pya-mia,  982 
syphilitic  disease  of,  1 154 
wounds  of,  857 

from  bullets,  866 
complications  of,  858 
emphysema  from,  859 
treatment  of,  869 
from  iractured  ribs,  580,  863 
hemorrhage  from,  858,  864 
treatment  of,  866,  867 
mortality  from,  864 
pleurisy  and  empyema  from,  861, 
868 

treatment  of,  868 
pneumonia  from,  860 
treatment  of,  868 
pneiimothorax  from,  859 

treatment  of,  869 
prognosis  of,  864 
subcutaneous,  863 
symptoms  of,  858 
treatment  of,  866 
Liining,  amputations  for  gun-shot  wounds, 
143 

Lupus,  syphilitic,  1142 
Lymi'h;  277,  279 

coagulable,  277,  411 
forms  of,  277 

inflammatory,  157,  176,  277 
vascularization  of,  279 
-•     ■       plastic,  184 

Lymphadenoma  (hjmpha,   lymph  ;  SStjv,.  a 

gland),  1023 
Lymphadenosis,  1024 

Lymphangioma  (lymjiha,  lympli  ;  ayytiov,  a 

vessel),  1023 
Lymphatic  abscess,  243 
Lymphatic  glands,  indolent  enlargement 
of,  1 123,  1163 
strumous  disease  of,  1093 
Lymijhoid  or  lymphatic  tissue,  tumours 

composed  of,  1023 
Lymphoma,  1023 


Maas,  aluminium  acetate  as  an  antisejitic, 
203 

MacCarthy,    dislocation  of  femur  on  to 

dorsum  ilii,  696,  697 
Macartney,  process  of  union  of  wounds,  274, 
275 

MacCormac,  Sir  W  illiam,  treatment  of  in (ra- 

jieritoneal  injury,  879,  886,  893 
Macewen,  cerebral  abscess,  7S0 

use  of  absorbable  tubes,  319 
McGill,  salicylic  acid  as  an  antii-ejitic,  19S 
Mclntyre's  splint,  558,  639,  640 
Maclagan,  recurrent  tumours,  1033 
Macleod,  gun-shot  wounds,  338,  349,  354, 
355.  866 

Macroglossia  {^aKpSs,  long ;  yXuffffa,  tongue), 
1023 

Magendio,  treatment  of  air  in  veins,  48;, 
487 

Magnet,  use  of,  in  needle-wounds,  336 
in  wounds  of  th^  eyeball,  830 
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Maisonneuve,  application  of  eristics,  107 1 
dislocation  of  lower  jaw,  663 
punctured  wounds  of  artery,  402 
Malar  bone,  fractures  of,  575 
Malgaigne,  treatment  of  air  in  veins,  486 
dislocations  of  patella,  635,  711 
ligature  of  arteries,  427,  434 
statistics  of  amputation,  88 
Malherbe,  ossiiication  of  cyst-wall  of  seba- 
ceous tumours,  1000 
Malignant  degeneration  in  stnmps,  76 
disease,  influence  in  operations,  7 
pustule,  375 

diagnosis,  376 
pathology,  376 
symptoms,  375 
treatment,  379 
tumours,  992,  994.    See  Cancer,  En- 
ceplialoid,     Epithelioma,  vScirrhus, 
Sarcoma,  and  Tumours 
Malleoli,  fractures  of,  645 
Malnutrition  a  cause  of  scrofula,  1095 
Mamma,  syphilitic  disease  of,  1154 
Manec,  ligature  of  arteries,  422 
Manipulation  in  dislocations,  655 

of  femur,  695,  700,  704 
Manning,  treatment   of  fractured  patella, 
633 

Manual  dexterity  in  operation,  4 
Marriage,  question  of,  in  syphilis,  rii8 
Marine  lint,  as  an  antiseptic  dressing,  324 
Marshall,    magnetizing    impacted  needle, 
336 

mercury  in  chronic  inflammation,  224 
nerve-stretching  by,  498,  499 
Martin,  treatment  of  ulcers,  269,  272 
Massage  in  chronic  inflammation,  221 
Maxilla.    Sex  Jaw 

Meade,  incubation  of  hydrophobia,  368 
Mechanical  causes  of  inflammation,  165 

irritation  in  incised  wounds,  308 
Medulla,  irritability  of  in  hydrophobia,  369 
Melanosis  (/ie'Aoj,  black),  1038 
Melanotic  sarcoma,  1038 
Meldon,  venous  injection,  406 
Meningeal  extravasation,  770,  773 

mechanism  of,  771 
Meningitis  {fivvty^,  a  membrane  ;  Uis,  de- 
noting inflammation),  spinal,  805 
acute  diifiise,  308 
acute  lepto-,  776 
traumatic,  776 
causes  of,  776 
period  of  invasion  of,  776 
jjathological  changes  in,  777 
symptoms  of,  777 
diagnosis  of,  777 
treatment  of,  777 
;Mcningo-encephalitis,  776 
-Mental  causes  of  shock,  293 

disturbance  in  cerebral  injury,  752 

in  hydrophobia,  370' 
emotion   as  a  predisposing  cause  01 
.  '  \    cancer,  1047 

power  aff'ccted  by  cerebral  injury,  7S4 
by  spinal  concussion,  797 
Mercier,  treatment  of  air  in  veins,  488 
Mercurial  salivation  1136 


Mercury  in  acute  inflammation,  207 
in  chronic  inflammation,  220,  224 
in  hydropliobia,  375 
in  syphilis,  1 132 — 7 

modes  of  administering,  1137 
fumigation,  1138 
inunction,  1138 
by  the  mouth,  1137 
subcutaneous  injection,  1138 
poisoning,  a  predisposing  cause  of  in- 
flammation, 164 
Metacarpal  bones,  amputation  of,  96 — 99 
dislocation  of,  688 
fractures  of,  607 
Metacarpo-phalangeal  joints,  amputation  at, 
94 

dislocation  of,  688 
Metastatic  abscesses,  241,  979 

pano[ihtlialmitis,  980 
Metatarsal  bones,  amputation  of  great  toe, 
110 

amputation  of  little  toe,  112 
dislocation  of,  719 
fracture  of,  648 
Metatarso-phalangeal  joints,  ampiitation  at, 
109 

Metatarsus,  amputation  of,  112 
Methylene,  bichloride  of,  as  an  an£Esthetic, 
33 

Mewis,  syphilitic  fcetuses,  11 58 
Michel,    Middleton,    healing    of  gun-shot 

wounds,  345 
Micrococci  in  infective  fluids,  167,  168,  ^232, 
233.  382,  919,  928,  929,  931,  940, 
953.956,969,984—6 
inoculation  of,  179,  933,  934 
Micrococcus  jjyogenes  tenuis,  233 
Microscopic  changes  in  inflammation,  151 — 
160 

Mikulicz,  perchloride  of  mercury  as  an  anti- 
septic, 198 
Miliary  tubercles,  1088 
Military  surgery,  antiseptic  treatment  in, 
351 

results  of  amputations  in,  84,  87,  88,  90 
at  hip-joint,  142 
shoulder-joint,  108 
Milk,  diagnosis  from  pus,  234 
Mineral  waters  in  chronic  inflammation, 

221 

Miquel,  microscopic  organisms  in  the  air,  9, 
170 

potassium  permanganateas  an  antiseptic, 
202 

alcohol  as  an  antiseptic,  203 
Mitchell,    Weir,    spontaneous   fracture  in 

locomotor  ataxy,  518 
Moist  gangi-ene,  902 

Moisture  and  warm  thin  acute  inflammation. 
210 

in  chronic  inflammation,  221 
MolHere,  administration    of  ether  by  the 
rectnni,  29, 

I  Mollifies  ossium,  associated  with  spontaneous 
fracture,  518 
Molluscum  fibrosum,  1012 
Monaliaii,'  fracture  of  astragalus,  647 

.  Monoplegia  in  brain  injury,  759 
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Monospasm  in  brain  injury,  759 
Monro,  wound  of  the  thoracic  duct,  873 

method  of  amputation,  57 
Moore,    compression    of   the    nerves  in 

operations,  20 
Moorhof,  iodoform  treatment  of  wounds,  324, 

325 

Morand  on  the  natural  arrest  of  haemorrhage, 
408 

Morel,  primitive  tourniquet,  43 

Morgagni,  blindness  from  wound   of  the 

upper  eyelid,  832 
Morris,  fracture  of  astragalus,  648 

dislocations  of  femur,  694 
Moi  tality  after  amputation,  77 — 90 

after  operation,  causes  of,  5 

after  trephining,  788 — 9 
Mortification  {vwrs,  death  ;  facio,  I  make), 

902.    See  Gangrene 
ilorton,  use  of  ether  as  an  ansesthetic,  20 

inequality  in  length  of  limbs,  547 

non-mercurial  treatment   of  syphilis, 
"33 

Mosquitoes,  bites  of,  362 

Motor  power,  affected  by  spinal  concussion, 

800,  S02 
Mott,  air  in  veins,  486 

Mouat,  treatment  of  gun-shot  wounds,  865 — 
867 

MoDTH,  gangrenous  disease  of,  924 

hfemorrhage  from,  in  fractured  skull, 

734 
scalds  of,  846 
syphilitic  disease  of,  1145 

in  children,  1159 
wounds  of,  834 
Muco-pus,  230 

Mucous  MEMBRANES,  scrofuk  in,  1091 
aufesthesia  induced  in  by  cocaine,  37 
syphilis  of,  1 145 — 1 148 

in  children,  11 59 
ulcers  on,  273 
syphilitic  ulcers  of,  1144 
Mucous  surfaces,  erysipelas  of,  959 
suppuration,  226,  237 
cysts  of,  1003 

tubercle  of,  1026,  11 24,  11 59 

tumour,  1020 
Mucus,  diagnosis  from  pus,  233 
Multilocular  cysts,  1005 
Multiple  fractures,  520,  579 
Mummification,  902,  906 
Murray,  Milne,  hot  water  in  arterial  hsemor- 
rhage,  416 

Muscles  affected  in  spinal  concussion,  793, 
799,  801 
injuries  of,  500 
rupture  and  division  of,  501 
abdominal,  874 
arm  and  shoulder,  504 
calf,  503 

extensor  quadriceps  of  thigh,  503 

rectus  abdominis,  504 

thoracic,  856 
spasm  of,  after  fracture,  544 
sprains  of,  500 

subcutaneous  section  of,  in  old  disloca- 
tions, 658 


Muscles — conlinued. 

syphilitic  disease  of,  1153 

union  of,  502 
Muscular  action  a  cause  of  dislocation,  650 

of  fracture,  516 

of  displacement  in  fiacture,  522,  523, 
533 

Muscular  tumour,  102 1 

Musculo-spiral  nerve,  paralysis  of,  596,  793 

Mycosis,  926 

Myelitis,  traumatic  {tiv(\6s,  marrow ;  ills, 
denoting  inflammation),  spinal,  806 

Myeloid  {/JLve\6s,  marrow;  elSos,  form), 
sarcoma,  1034 

Mynors,  principles  of  amputation,  62,  63 

Myoma,  1021 

Myomata  (yuCi,  a  muscle),  1016 
Myxoma  {/J-v^a,  mucus),  1020 
Myxo-chondroma,  1021 
Myxo-lipomata,  1021 
Myxo-sarcoma,  1040 


Nails,  syphilitic  disease  of,  11 43 
in  infants,  1160 
!  Nasal  bones,  fractui'e  of,  574 
Neck,  phlegmonous  erysipelas  of,  957 

vessels  of,  wounded,  472 
Necrosis  {veKpSs,  dead),  902 

in  stumps,  74,  563 

syphilitic,  1151 

of  patella,  637 
Needles,  jjunctured  wounds  from,  336 

for  sutures,  311 
Nelaton,  bullet-probe,  349,  350 

diagnostic  line  in  fractm-e  of  femur, 
614,  615 

splint,  606 

subastragaloid  amputation,  122 
wound  of  orbit,  828 
Neeves,  contusion  of,  490 
division  of,  491 
fibromata  of,  1015 
injuries  of,  490 

in  simple  fracture,  550 

treatment  of,  494 
paralysis  from  section  of,  491 
pathology  of,  493 
puncture  of,  491 
repair  of,  491 

rupture  or  laceration  of,  491 
strains,  490 

stretching  of,  497—499 
the  operation,  499 
physiological  etfects  of,  499 
results  of,  499,  500 
syphilitic  affections  of,  1157 
tumours  on,  1022 
Neuve  or  Nkuves,  axillary,  injury  of,  in 
reduction  of  old  dislocation  of  hu- 
merus, 679 
cerebral,  injuries  of,  768 
circumflex  of  arm,  paralysis  of,  793 
fifth,  impaired  vision  from  injury  of, 
832 

musculo-spiral,  paralysis  of,  596,  793 
oculo-jmpillary,  805 
phrenic,  injury  of,  793,  836 
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Nerve — confimced. 

posterior   interosseous,   implicated  in 

fracture,  597 
spinal  accessory,  injury  of,  793 
ulnar,  paralysis  of,  793 
vagus,  injury  of,  836 
Nervous  power  affected  in  spinal  concussion, 
799 

causes  of  inflammation,  175 
centres,  exhaustion  of  in  shock,  291 
system,  disorder  of,  in  hydrophobia, 
369 

sj'philitic  disease  of,  1154,  1163 
traumatic  delirium,  299 

treatment  of,  299 
-tumour,  1022 
Xeuber's  absorbable  drainage-tubes,  319 
Neudorfer,    application   of  plaster-of-Paris 
bandage,  540 
digital  pressure  on  arteries  in  inflamma- 
tion, 210 

Neuritis  {vtvpov,  a  nerve  ;  itis,  denoting  in- 
flammation), 495 
optic,  1 155 
traumatic,  495 

pathology,  495 
symptoms,  496 
treatment,  497 — 499 
Neuroma  {vevpov,  a  nerve),  1022 
Neuro-paralytic  inflammation,  832 
Niemann,  properties  of  cocaine,  37 
Nitric  acid,  use  of,  in  chancre,  1 107 
Nitrous  oxide  as  an  ancesthetic,  33 
death  from  administration  of,  35 
supplemented  by  ether,  35 
Nodes  (»iorf«s,  a  knot),  11 50 
Noma,  924 

of  the  vulva,  925 
Nose,  bleeding  from,  in  fracture  of  base  of 
skull,  734 
foreign  bodies  in,  827 
scrofulous  affections  of,  1091 
spring  clip  for  straightening,  574 
syphilitic  disease  of,  1148 
in  infants,  11 59 
treatment,  1148 
Nuuneley,  classification  of  erysipelas,  944 

cellulitis,  955 
Nurses,  infection  of,  with  syphilis,  11 17 
Nussbaum,  antiseptic  treatment  of  wounds, 
346,  934 
stretching  of  nerves,  497 
transplantation  of  bone,  573 
Nutrition  of  tissues  modified  by  inflamma- 
tion, 158,  183 
states  of,  favouring  ulceration,  16 1 
Nysten,  air  in  veins,  483 

Oakum,  carded,  as  an  antiseptic  dressing, 
324 

Obesity,  influence  on  result  of  operation,  6 
Oblique  fracture,  521.    A'ec  Fracture 
O'CaUaghan,  foreign  body  lodged  in  forehead, 
.  .  764 

Occipito-frontalis  muscle,  suppuration  under 

tendon  of,  723 
Occlusion  method  of  treating  wounds,  314 


Oculo-spinal  axis,  804 
ffidema  {olSfw,  I  swell), 

afte]'  fracture,  544 

inflammatory,  of  scrotum,  958 

malignant,  376 
CEdematous  erysipelas,  952 

laryngitis,  960 
CEsophagotomy  {oesophagus,  the  gullet;  refxvoi, 

I  cut),  853 
(Esophagus,  foreign  bodies  in,  852 

wounds  and  rupture  of,  837,  852 
Ogle,  J.,  comminuted  fracture  of  clavicle, 
58s 

Ogston,  organisms  in  suppuration,  232,  233, 
321 

O'Halloran,  amputation  by  single  flap,  60 
Oil  in  dressing,  322 
Olecranon,  fracture  of,  598,  599 

compound  fracture  of,  599 
OUivier,  spinal  meningitis,  805 

and  Sanson,  wounds  of  heart,  871 
Omentum,  protrusion  of,  in  wounds  of  abdo- 
men, 880 

treatment  of,  887 
Onychia  {&vv^,  a  nail), 

syphilitic,  1143,  1144 
Open  treatment  of  wounds,  314 
Opening  abscesses,  time  of,  248 

sinus,  258 
Operations,  i 

ansesthetics  in,  19.    Sec  Anjesthesia  and 
Ansesthetics 

bloodless  methods,  46 

conditions  influencing  success  of,  5,  7 

constitutional  efl'ects  of,  52 

diet  before  and  after,  8,  18,  52 

dressing  of  wound  after,  46 

erysipelatous  inflammation  after,  16 

exhaustion  after,  16 

gangrene  after,  17 

general  considerations  on,  i 

hemorrhage  after,  16 

during,  prevention  of,  43 

incisions  for,  40 

influence  of  patient's  health  on,  5,  7 
of  hj'gienic  conditions  on,  7 — 15 
internal  inflammations  after,  17 
manual  dexterity  in,  4 
objects  of,  I 
pei'formance  of,  38 
preparation  for,  18 
remote  efl'ects  of,  53 
in  scrofulous  and  tuberculous  cases, 
1099 

septic  disease  after,  17 
during  shock,  295 
,  shock  after,  16 
special  conditions  directly  excited  by, 
15 

sutures  in,  47 
tetanus  after,  17 

treatment,  constitutional,  after,  52 

wound-diphtheria  after,  17 
Operative  surgery,  position  of,  2 

success  in,  4 
Ophthalnua,  strumous,  1091 
Ophthalmoscope  {6<pSa\ix6s,  an  eye  ;  aKoirfw 
I  view),  use  of  in  spinal  injury,  803 
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Opium  in  j,'iuigreiie.,  913 
in  inlliunnmtioii,  208 
poisoning  Ly,  diagnosis  of  triUiniatic 
coma  iVoni,  773 
Optic  nervo,  atrophy  of,  803 
Oi'bit,  erysipelas  of,  957 

IkTumorrliage  into,  in  fractured  skull, 
734 

injuries  of,  828 
Organic  matter  in  atmosphere,  9,  10,  169 
Organised  causes  of  inflammation,  171 
Organs,  internal,  influence  of  state  of,  on 
result  of  operations,  6 

suppuration  in,  237 
Os  CALCis,  dislocation  of,  719 

fracture  of,  646 
Oscillation,  153 

Os  magnum,  dislocation  of,  687 

Ossifying  sarcoma,  1036 

Osteitis  (ouTeor,  a  bone  ;  itis,  denoting  in- 
flammation), syphilitic,  1149 

Osteoid  {oariov,  a  bone ;  d^os,  form)  sar- 
coma, 1036 

Osteoma  {ocniov,  a  bone ;  mna,  denoting 
tumour,  1019 

Osteo-myelitis,  septic,  74,  562 

Osteotomy,  subcutaneous,  565 

Otis,  gun  shot- wounds  of  the  intestine,  881, 
884 

cold  in  inflammation,  204 
Oton-hoea,  scrofulous,  1092 
Oval-celled  sarcoma,  1034 
Oval  amputation  at  hip  joint,  141 
Ovaritis,  syphilitic,  11 53 
Ovaiy,  cystic  disease  of,  999 
Overcrowding,  effects  of,  on  results  of  opera- 
tions, 12 

a  cause  of  pytemia,  989 
of  erysipelas,  943 
Overlaying  of  children,  asphyxia  from,  851 
Ox-aorta  ligature,  439 
Oxygen,  use  of,  in  asphyxia,  851 

supply  of,  in  putrefaction,  167,  168 
Ozcena,  strumous,  1091 


Pacchiotti,    syphilis    from  vaccination, 
1117 

Padley,  foreign  bodies  in  trachea,  844 
Page,  Frederick,  I'csults  of  amputations,  82 
Paget,  Sir  James,  constitutional  oi'igin  of 
cancer,  1044,  1050 
excision  of  cancer,  1073 
facial  carbuncle,  924 
fatty  tumours,  loii 
fibro-cellular  tumours,  1013 
hereditariness  of  cancer,  1046 
recurrflnt.  fibroid  tumours,  994,  1032, 
1033 

secondary  cancerous  growths,  1044 
septic  virus  in  dissci;tion  wounds,  382 
inflammation  in  tissues,  150,  151 
union  of  wounds,  275 

divided  tendons,  502 
Pain  in  acute  iiillaiiimation,  181,  194 
in  chronic  inflanunatinn,  219 
'in-c6ncussion  of  the  s])ine,  794,  799 
4n  irritable  ulcer,  270 


!  Pain  in  incised  wounds,  306 
in  gun-shot  wounds,  343 
in  joint  from  sprain,  508 
in  fracture,  533 
influence  of  race  on,  294 
I  Palate,  injuries  of,  834 

syphilitic  diseases  of,  1147 
Paletta,  dislocation  of  occipital  bone  from 

atlas,  823 
Palmar  arches,  wounds  of,  478 
Pancoast's  tourniquet,  50,  137 
1  Panum  on  transfusion,  406 
j  Papilloma,  1025 
I  Papular  syphilide,  1142 
'  Paquelin's  thermo-cauteiy,  224,  417,  1027, 
1080 

Pakaltsis,  from  laceration  of  brain,  760,  761 
facial,  761 

from  injury  of  spinal  cord,  748,  792 

from  fracture  of  spine,  748,  811 

from  spinal  concussion,  793 

syphilitic,  1155 
Parasitic  cysts,  1008 

treatment  of,  loog 

fungi,  168 
Parchment  induration,  1121 
Pare,  Ambroise,  examination  of  gimshot- 
wounds,  338,  360 

ligature  of  arteries,  57,  423 
Parenchymatous  inflammation,  179 
Parker,  Langston,  caustic  in  cancer,  1072 

mercurial  fumigation  in  syphilis,  1138, 
"39 

Parker,  Kushton,  subspinous  dislocation  of 
humerus,  671 
submaxillary  cellulitis,  957 
Parkes,  air  of  crowded  buildings,  10—12,  90 
Paronychia  cellnlosa,  962 
osseosa,  962 
tendinosa,  963 
ungualis,  96  r 
Parotid  duct,  wound  of,  826 
I  Parrot,  bones  in  hereditary  syphilis,  1161, 
I  1 162 

Pasteur,  inoculation  of  the  Bacillus  anthracis, 
378 

inoculation  of  virus  of  hydrophobia, 

!  371—374 

living  oiganisms  in  the  atmosphere,  9, 

II,  168,  172 
'         germ  theory  of  decomposition,  169,  232 
,         micrococci  in  boils,  919 
I  Patklla,  arterial  sup])ly  of,  633 
I  •;     dislocation  of,  710 
I         fracture  of,  630 
necrosis  of,  637 
Pathogenic  fungi,  16S,  172 
Pelletan,  axillary  aneurism,  474 
Pellizzari,  inoculation  of  syphilis,  11 15 
Pelvic  cellulitis,  241 
Pem  is,  dislocation  of,  691 
fracture  of,  607 
injuries  of  viscera  of,  892 
Pelvis  of  kidney,  rupture  of,  891 
Penis,  chancres  on,  1105,  1122 
•  '   Wounds  of,  895 

Pepper,  hafiuorrhnge  after  scarlet  fever,  256 
Perchloride  of  iron  as  a  ha;mostntic,  416 
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Perchloride  of  mercuiy  as  an  autisejitic,  198, 
323.  513 

in  treatment    of    spinal  concussiou, 
811 

IVrciission  in  ununited  fractuie,  571 
l^ericurdium,  wounds  of,  870,  872 
Pericliondroma,  loiS 
rerinieum,  laceration  of,  898 

operation  for  rupture  of,  899 
Periosteal  whitlow,  962 
Periosteum,  bruising  of,  506 
Periostitis  {periostcitvi ;  itis,  denoting  in- 

ilammation),  syphilitic,  1150 
Peritonitis  {peritoneum  :  itis,  denoting  in- 
flammation), erysii)elatou3,  961 

traumatic,  882 

treatment  of,  890 
Peroneal  artery.    See  Artery 
Peroneus  longus,  displacement  of  tendon  of, 
SOI 

Petit,  arrest  of  artificial  hsemorrhage.  408 
operation  by  double  incision,  57 
screw  tourniquet,  43 
Petrie,  foreign  body  in  larynx,  844 
PHAGEDiENA  {(l>ayf?i',  to  eat,  devour),  gan- 
grenous, 1 104,  1 1 23 
sloughing,  931 

causes  of,  932 

constitutional  symptoms  of,  932 
local  signs  of,  931 
pathological  anatomy  of,  933 
treatment  of,  934,  935 
Phagedcenic  chancre,  1 104 

treatment  of,  1109 
Phalanges,  dislocations  between,  691 
Pharyngotomy  {<pdpvy^,  the  pharynx  ;  ref^vco, 

1  cut),  853 
Pharynx,  foreign  bodies  in,  842 
injuries  of,  834,  842 
scalds  of,  846 

syphilitic  disease  of,  1145,  1147 
Phillips,  scrofula  in  early  life,  1095 
Phimosis  with  chancre,  treatment  of,  1109 
Phlegrnouous  [pKeyixaivw,  1  am  heated  or 
inflamed),  abscess,  240 
erysipelas,  928,  950 

of  head,  957 
inflammation,  179 
Phosphorus  jjoisoning,  a  predisposing  cause 

of  inflammation,  164 
Photopsia,  803 

Phrenic  nerve,  injury  of,  793,  836 
Physical  causes  of  inflammation,  166 

of  shock,  294 
Physick  and  Levert,  wire  ligatures,  434 
Pirogoff's  administration  of  ether  by  the 
rectum,  29 

amputation  of  foot,  117,  120 

mortality  in,  123 

stump  alter,  122 
Pisiform  bone,  dislocation  of,  687 
Plasters,  312 

Plaster- of- Paris  bandage,  508,  513,  539,  820 
Bavarian  method  of  applying,  541 
Cr.)ft's  method  of  applying,  541 
Neudorfer's  method  of  applying,  540 

Plastic  (rXaarcrai,   I  form)  exudation,  277, 
281,  307,  411,  414 


I  Plastic  operations  on  contracted  cicatrices, 
395 

on  porina'um,  899 
Pleuka,  accumulation  of  air  in,  859 

extravasation  of  blood  into,  858,  863, 
868 

Pleurisy  in  wound  of  chest,  861 
Plexiform  angioma,  1022 
sarcoma,  1037 
:  Pneumocele  (ivvtvixwv,   the  lung  ;   K^hK-q,  a 
tumour),  869 
Pneumonia,  congestive,  77,  214 
in  cut  throat,  837 
from  foreign  bodies,  842 
■         traumatic,  860 

I  Pneumothorax  (-nueviia.,  wind  ;  edpal,  the 
!  chest),  859 

I         treatment  of,  869 

Pointing  of  abscesses,  240 

Poisoned  wounds,  362 

Poisons,  morbid,  causing  inflammation,  164 
Polypiis,  1027 

Poore,  traumatic  neuritis,  496 

Pollender,  bacillus  anthracis  in  malignant 

pustule,  376 
Position  of  part  in  inflammation,  212 
Post-mortem  wounds,  381,  382 
Potas.sa  fusa  in  chronic  abscess,  252 
Potassium,  permanganate  as  an  antiseptic, 

202 

I         in  hydroiDhobia,  372 
I  Pott's  fracture,  641,  642,  715 
'         badly  set,  565,  646 
;  Pott,  Percival,  symptoms   of  intracranial 
suppuration,  780 

Poucliet,  starch -granules  in  dust,  9 

Poultices,  211,  222 

Pregnancy,  influence  on  union  of  fracture, 
568 

Pi-essure,  cause  of  contusion,  302 
in  aneurism.    Sec  Compression 
in  cancer,  1072 

inflammation,  acute,  210 
chronic,  225 

ha3morrhage,  43,  418 

sinuses,  258 
Pressure-effects  of  abscess,  244 
Primary  adhesion,  274,  275 
Primary  arterial  hiemorrhage,  principles  of 

treatment  of,  446,  447 
Primary  and  secondary  amputations,  86,  87 
Primary  bubo,  1 1 1 1 
Primary  syphilis,  11 14,  H20 
Projectiles,  nature  and  force  of,  339 
Proliferous  {x>roles,  a  progeny  ;  fcro,  I  bear) 

cysts,  1005 
Provisional  callus,  526,  528 
,  Psammoma  (  ifa^^uos,  sand),  1039 
Pseudarthrosis,  567 

Pseudo-paralysis,  .syphilitic,  in  infants,  1 162 
Psoriasis,  syphilitic,  U24,  1141 
of  tongue,  1146 
j  Ptomaines,  develoi:ed  in  putiefaction,  169 
I  Pubic  dislocation  of  thigh-bone,  694,  706 

symphysis,  dislocation  of,  691 
I  PuDKXDA,  chancre  of,  1105 
erysipelas  of,  959 
Pueriieral  abscess,  241 
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PufT-acUler,  bite  of,  363 
Pulpy  gangrene,  931 
Punctured  fracture  of  skull,  739 

trephining  for,  747 
wounils,  334 

of  artericf,  413 

of  nerves,  491 
Punctures  in  inflammation,  208 
Purgatives  in  acute  inllamniation,  207 
Purulent  deposits,  979 
catari-li,  226 

exudation  or  secretion,  240 
Pus-cells,  161,  232,  953 
Pus,  characters  of,  230 

tliagnosis  of,  233 

formation  of,  234 

laiidable,  231 

microscopic  characters  of,  231 

See  Suppuration 
Pustular  syphilide,  1125,  1142 
Pustule,  malignant,  375 

sy|)hilitic,  1142 
Putrescent  animal  matter,  wounds  inocu- 
lated with,  381 
Putrefaction,  chemical  products  of,  166,  168, 
169,  170,  927 

effects  of,  1 74,  927 

germ  theory  of,  3 

infective  processes  fi'om,  927 

prevention  of,  195 
Putiid  sore  throat,  959 

animal  matter,  382 
Pyemia  [ttvov,  pus  ;  aT/uo,  blood),  928,  966 

acute,  986 

blood-poisoning  in,  982,  985 
a  cause  of  death  after  amputation,  77, 
81 

after  operation ,  1 7,  976 
in  carbuncle,  923 
causes  of,  971 
chronic,  987 
complications  of,  980 
diagnosis  of,  988 
from  ague,  988 

rheumatism,  988 
septic  poisoning,  989 
ordinary  surgical  inflammatory 
fever  and  typhoid  fever,  988 
embolism  in,  969 

experimental  investigations  on,  966 

idiopathic,  987 

in  injuries  of  head,  780 

joints  affected  in,  984 

microscopic  organisms  in  tissues  and 

organs  in,  984 
mixed  forms  of,  and  septicemia,  987 
pathology  of,  9S5 
phenomena  of,  976 
post-mortem  api)earances  in,  98 1 
prognosis  of,  988 
purulent  deposits  in,  979 
pus-cells  in,  232 
symptoms  of,  976 
temperature  in,  977,  978 
thrombosis  in,  985 
treatment  of,  989,  990 
umbilical,  987 
varieties  of,  986 


Pyoimic  abscess,  979 

Pyogenic  (iriov,  pus ;  ytwau,  1  produce) 

countcr  irritantH,  223 
Pyogenic  zone,  229 

Pyrexia  (ttO/),  lire  ;  efts,  a  holding),  183 


Quadriceps  extensor  of  thigh,  rapture  of, 
503 

Quilled  suture,  311 

Quincke,  wound  of  thoracic  duct,  873 


Rabid  animals,  bites  of,  365.    See  Hydro- 
phobia 
Rabies  in  the  dog,  366 

in  man,  367 
Racemose  adenomata,  1029 
Radcliffe,  mortality  in  hydrophobia,  370 
Radial  artery.    Sec  Artery,  radial 
Radius,  dislocation  of,  682,  683,  686 

fractures  of,  601 

myeloid  tumour  of,  1035 
Railway  collisions,  concussion  of  spine  in, 
792,  796 

dislocation     of     cervical  vertebra, 

twists  or  wrenches  ot  .spine  in,  815 
Rattlesnake  bites,  363 

Ravaton,  amputation  by  the  flap-metho<], 
60 

Raynaud,  rare  form  of  spontaneous  gangrene, 
908 

Reaction  in  burns,  389 

in  shock,  292 
Reactionary  liajmorrhage,  449 

fever,  296 
Rebreaking  bones,  565 
Recamier,  compression  in  cancer,  1072 
Recklinghausen,  formation  of  pus,  230 
Rectangular  flap,  67 

Rectum,  administration  of  ether  by  the,  29 

foreign  bodies  in,  897 

syphilitic  attections  of,  1 148 
Rectus  abdominis  nmscle,    laceration  ot 

504 

Recurrent  fibroid  tumours,  1032 

dislocations,  661 

hemorrhage,  450 
Redness  in  acute  inflammation,  180 

in  chronic  inflammation.  219 
Reduction  of  dislocation,  651 

of  fracture,  532,  579 

compound  fracture,  558 
Regnauld,    constitueuts   of    bichloride  01 

metliylcne,  33 
Regenerntion  of  divided  nerves,  493 
Remote  effects  of  injury,  3CX) 

of  major  operations,  53 
Rc]iair,  i)rocess  of,  274,  282 

of  ulcers,  261 

Sec  also  the  various  ti.'^sucs  and  organs 
Resection.    S<c  Excision 
Resolution  of  inflummation,  160 
Respiralioii,  artilieial,  849 

affected  in  hydrophobia,  369 
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Rest,  in  concussion  of  the  spine,  809 — 811 

in  inttammatiou,  204,  212 

in  snbcntaneous  wonnds,  306,  313,  330 
Retention-cysts,  999 
Retraction  of  divided  arteries,  409 
Reverdin's  process  of  skin-grafting,  266 
Reyher,  antiseptic  treatment  of  gunshot- 
wounds,  352,  357 
Rheumatic  iniiammation,  177 
Rheumatism,  diagnosis  from  pyasmia,  988 

from  spinal  concussion,  806 
Ribs,  fractures  of,  579 — 82 
Richardson,  bichloride  of  methylene  as  an 
anresthetic,  33 

method  of  local  anoesthesia,  37 

bellows  for  artificial  respiration,  849 

foreign  bodies  in  cesophagus,  854 
Rickets,  a  cause  of  fracture,  519 
Ricord,  incubation  of  syphilis,  1 1 19 

infection  of  child  by  M-et-nurse,  11 17 
_  of  mother  by  syphilitic  foetixs,  iri8 

on  inoculation  of  chancre,  iioi,  1102 

virulent  bubo,  11 10,  11 11 
Rider's  sprain,  504 
Rigor,  187 

Rilliet  and  Bnrthez,  mortality  in  cancnim 
oris,  924 

Ringer,  temperature-charts  in  pyreinia,  978 
treatment  of  boils,  920 

of  scrofulous  glands,  1098 
Rivalta,   outbreak   of  vaccino-syphilis  at, 
1117 

Robert,  watery  discharge  from  skull,  735, 
736 

Roberts,  ligature  of  arteiies,  440 
Robson,  Mayo,  method  of  using  cocaine,  37 
Rochoux,  treatment  of  air  in  veins,  487 
Rodent  cancer,  1043 

Rose,  non-mercurial  treatment  of  syphilis, 
1132 

Rosenbach,  organisms  in  suppuration,  232, 
233 

Roseola,  syphilitic,  1124,  1141 
Rotatory  displacement  in  fracture,  523 
Round-celled  sarcoma,  large,  1036 

small,  103 1 
Rouse,  closure  of  ruptured  perina^um,  898 
Roussel,  transfusion  of  blood,  406 
Roux,  air  in  veins,  486 

luxation  of  the  sixth  and  seventh  cervi- 
cal vertebraj,  824 
Rubbing  in  chronic  inflammation,  221 
Rubefacients,  222 
Rnpia,  1126,  1142 
RuiTt  RE  of  abdominal  viscera,  874 

arteries,  401,  679 

bladder,  892 

heart,  872 

intestines,  877 

kidneys,  876 

liver,  875 

lung,  857 

muscles  and  tendons,  501 

cesophagus,  852 

posterior  crucial  ligament,  714 

spleen,  876 

stomach,  877 

ureter,  891 


\  Saccharink  diabetes  a  predisposing  cause 
of  inflammation,  164 

in  cases  requiring  operation,  7 

from  injury  of  the  brain,  768 
Sacro-iliac  articulation,  dislocation  of,  691 
Sacrum,  fracture  of,  609 
Sal  alembroth  as  an  antisei)tic,  200,  324 
Salicylic  acid  as  an  antiseptic,  198,  324 

wool,  jute,  and  silk  dressing,  324 
Sal  nc  solution  lor  transfusion,  406 
Salivary  fistula,  826 
Salter's  swing  box,  640,  646 
Salts,  mineral,  use  of  in  cancer,  1071 
Sanderson,  Dr.  Burdon,  definition  of  inflam- 
mation, 151 

microscopic  organisms  in  infective  dis- 
charges, 172 

symptoms  of  rabies  in  the  dog,  366 
Sands,  section  of  brachial  plexus,  496,  497 

treatment  of  rnjjture  of  quadrice])s  ex- 
tensor of  thigh,  504 
Sanguineous  cysts,  303,  1004 
Sauious  pus,  230 
Saprsemia,  77,  927,  972 
Saprophytes,  168 
Sarcoma  (cdp^,  flesh),  1031 

a  cause  of  spontaneous  fracture,  519 
i         albuminous,  1034 
I         alveolar,  1036 

chondrifying,  1036 

encephaloid,  103 1 

fasiculated,  1032 

giant-celled,  1034 

granulation-,  103 1 

melanotic,  1038 

mixed,  1040 

myeloid,  1034 

ossifying  and  osteoid,  1036 

oval-celled,  1034 

plexiform,  1037 

round-celled,  large,  1036 
small,  103 1 

spindle-celled,  1032 

varieties  of,  103 1 
Sarcomatous  blood-cysts,  1039 
Sark,  absence  of  hydrophobia  in,  366 
Sarsaparilla  in  scrofula,  1098 

in  syphilis,  1140 
Sayre's  trentment   of    fractured  clavicle 

Saw,  amiiutating,  70 

application  of,  69 

Hey's,  745,  746 
Scabbing,  274 

union  by,  282 
Scalds,  386.    Sec  Eurns 

of  mouth  and  throat,  846 
Scalp,  contusion  of,  721 

diffuse  cellulitis,  724,  957 

extravasation  muler,  721 

injuries  of,  721 

wounds  of,  722 

comjilications  of,  723 
treatment  of,  725 
Scalpels  for  uni])utating,  70 

for  incisions,  40 
ScAl'Hoii)  BONH,  dislocation  of,  719 

fractures  of,  648 
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Scapula,  dislocation  of,  668 

fractures  of,  588,  590 
Scar.    Sec  Cicatrix 
Scarifications  in  inflammation,  208 
Scai'pa,  treatment  of  wounded  intestine, 
888 

Schede,  Max,  statistics  of  anipxitations,  80, 
81,  89,  123,  128,  133,  136,  143 
percliloride  of  mercury  dressing,  323, 
436 

Scliizomycetes  (crxiio),  I  cleave,  and  p-vK-qs,  a 

fungus)  in  putrefaction,  167 
Schiiltz,  bacillus  in  glanders,  381 
Sciatic  nerve,  injury  of,  495 
SciRRHUS  {<ndpf)os,  a  liard  swelling),  1056 

cells  of,  1058,  1059  : 

characters  of,  1056 

diagnosis  of,  1062 

secondary  deposits  from,  1057  • 

structure  of,  1058 
Scribn,  fat-embolism,  543 
Scrofula  (scrofa,  a  sow),  .1082,  1090 

a  predisposing  cause  of  inflammation, 
164 

in  bones  and  joints,  1092 
causes  of,  1095 
hereditary  nature  of,  1095 
in  the  glands,  1092 
in  mucous  membrane,  1091 
operations  in,  1099 
relation  of,  to  tubercle,  1093 
s'gns  of,  1094 
iu  skin,  109 1 
treatment  of,  1096— 1099 
Scrofulous  diathesis,  217,  1094 

a  predisposing  caiise  of  inflammation, 
217 

otorrhoea,  1092 

temperament,  1094 
Scrotum,  cancer  of,  1048 

erysipelas  (?f,  958 

inflammatory  oedema  of,  958 
Seat  of  amputations,  influence  on  mortality, 
83 

Sebaceous  tumours,  1002 
Secondai'.t  abscesses,  979 

adhesion,  288 

asj)hyxia,  851 

imputation,  .86,  5$3  : 
deposits  of  cancer,  1043.    See  Cancer 
eflects  of  head  injuries,  784 
fever,  296  : 

htemorrhage,  77,  450.    Sec  Hajmorrhage 
syphilis,  11 14,  ii24-    ^S'cc  Syphilis :  . 
Secretions,  purulent,  240 

to  be  set  free  in  acute  inflamniation, 
206 

of  woimds,  free  exit  of,  313 
S^dillot,  reduction  of  old  dislocations,  656, 
676  . 
rupture  of  muscles  and  tendons,  502 
Seguin,  excision  of  cords  of  brachial  plp^xus, 

496  . 
Semilunar  bone,  dislocation  of,  688 

cartilage,  713  '  " 

Semi-malignant  tumours,  992 
Senftleben,  changes  in  tissue  in  inflamma- 
tion, 158,  159,  280  ;  .  ; 


Senile  gangrene,  905.    See  Gangrene 

teno-synovitis,  964 

tuberculosis,  1096 
Sensation,  afiected   in   spinal  concussion, 
800 

modified  by  inflammation,  181 
Senses,  special,  affected  in  concussion  of 
spine,  798 

Sensibility,  excessive,  in  hydrophobia,  369 
modification  of,  in  acute  inflammation. 
181 

Se])aration,  line  of,  in  gangrene,  911,  914 
Septic  disease,  effects  of  emanations  of,  13 
a  cau.se  of  death  after  ojjerations,  77 
influence   on  mortality  after  amputa- 
tioni?,  77,  90 
Septic  infection,  77,  928,  969,  974 
diagnosis,  975 

post-mortem  appearances  in,  975 

prognosis  of,  975 

symptoms  of,  975 

treatment  of,  975 
Septic  broncho-pneumonia,  837 

inflammation  from  fracture,  561 

osteo-myelitis,  74,  562 

traumatic  fever,  186,  297  {see  927) 
Septic  matter,  diseases  arising  from  absorp- 
tion of,  926 
Septic  virus,  symptoms  produced  bv,  382. 

SepticEemia  (o-Vjiroi,  I  putrify  ;  alfia,  blood), 
966,  972.    Sec  Pyaemia 
a  cause  of  de.ith  after  ojjerations,  17,  77 
81 

diagnosis  of,  974 

post-mortem  appearances  in,  973 

prognosis  of,  974 

symptoms  of,  972 

treatment  of,  974 
Septum  of  nose,  fracture  of,  575 
Sero-pus,  233,  234 
Serous  cysts,  1003,  1004 
Serous  membranes,  erysipelas  of,  961 

inflammation  of,  in  pysemia,  982 
Serum,  efl'usion  of,  157 

turbid,  diagnosis  from  pus,  233 
Seton  in  chronic  inflammation,  223 

in  false  joint,  571 
sinus,  258 

Seutin's  treatment  of  fracture  by  starched 

bandage,  537,  539 
Sex,  influence  of,  on  dislocations,  650 
cancer,  1047 
fractures,  518 
syphilis,  11 30 
Sharp  spoon  in  abscess,  254 
Sliarpe,  ligature  of  arteries,  423 
Shells,  injuries  from,  342 
Shock,  290 

anajsthetics  in,  32 
causes  of,  293 
collafisc  or  torpid,  291 
crethitio,  295 
diagnosis  of,  294 
in  gunshot  wounds,  343 
influence  on  mortality  after  anijmta- 
tions,  77,  78,  So,  81,  85.  361 
operations,  16 
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Shock — continued. 

operation  during,  295 

pathology  of,  292 

prevention  of,  295 

symptoms  of,  291 

ti'catment  of,  295 

with  cardiac  inhibition,  290 

with  excitement,  295 

with  exhaustion  of  nervous  centres,  291 
Shot,  injuries  by,  338 
Shoulder- JOINT,  amputation  at,  103 — 108 
results  of,  108 

dislocations  of,  668 

fractures  near,  589 

gunshot-wounds  of,  358 

rupture  of  muscles  or  tendons  of,  504 
Shrapnel  bullets,  injury  by,  342 
Sight  affected  by  indirect  injury,  831 

by  spinal  concussion,  798,  803 
Sigmund,  subcutaneous  injection  of  mercury 

in  syphilis,  1138 
Silk,  ligatures  of,  438 

Silvester's  method  of  artificial  respiration, 

489,  849—851 
Simon  on  temperature  in  inflammation,  182 

red  corpuscles  in  inflammation,  189 

secondary  growths  of  cancer,  1043 
Simple  chancre,  1103,  1106,  1109 

fracture,  519,  524.    Sec  Fracture 

localized  inHammation,  177 
Simpson,  Sir  James,  acupressui'e,  441 

coccydynia,  610 

statistics  of  mortality  after  amputations, 
20,  21,  89 

use  of  chloroform,  20,  21,  30 
Sinus,  257,  310 

causes  of,  257 

structure  of,  257 

treatment  of,  257,  258 
Sinus-forceps,  250 
Size  in  acute  inflammation,  181 
Skin,  contusion  of,  302 

scrofula  of,  1091 

syphilitic  diseases  of,  1141,  1143 
in  infants,  11 60 
Skin-gi-afting,  265,  395 

syphilis  transinittcd  by,  267,  11 17 
true,  267 
Skfll,  bending  of  bones  of,  727 

bones  of,  in  syphilitic  children,  1162 
contusion  of,  727 
gunsliot,  727 
extravasation  in,  769 
foreign  bodies  in,  764 
fractures  of,  727,  728 
of  base  of,  731 

haniorrhago  in,  734 
signs  of,  732 
treatment  of,  737 
vomiting  of  blood  in,  734 
watery  lluid  discharged  in,  735 

—737 
by  contrecoup,  728 
complications,  748 
dejiresscd,  738,  742 — 744 

diagnosis  of,  738 

elevation  of  bone  in,  744 — 747 

with  injury  of  spine,  748 
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Skull — continued. 

fracture  of  depressed — continued. 
j  symptoms  of,  740 

•  treatment  of,  742 

I  simple,  742 

j  compound,  743 

:  varieties  of,  738 

wound  of  dura  mater  in,  741 
fissured,  729 
punctured,  739 

treatment  of,  747 
simple,  729 
results  of,  748 
inflammatory  effusions  within,  772 
trephining  the.    See  Trephining 
Slough  of  contused  or  lacerated  wound,  329 
in  inflammation,  177 
in  ulcer,  259 
Slough  iNa  of  cancer,  1057 
chancre,  1104,  1108,  1109 
phagedajna,  931.    See  Phagedsena 
ulcer,  271 
Slugs,  injuries  from,  340 
Small  shot,  wounds  from,  339 
Smethurst,  duration  of  life  in  asphj'xia, 
847 

Smith,  Nathan,  reduction  by  manipulation 

advocated  by,  695 
Smith,  N.  R. ,  suspension  of  limb  from  splint 

by  slings,  624,  625 
Smith,  E.  W. ,  congenital   dislocations  of 
shoulder-joint,  678 
dislocation  of  condyle  of  lower  jaw,  664, 
.665 

dislocation  of  clavicle,  666 

fractured  clavicle,  584 

extracapsular  fracture  of  neck  of  hu- 

mei'us,  592 
fracture  of  lower  end  of  radius,  601, 

604,  605 

fracture  of  neck  of  thigh-bone,  612,  613, 
618 

reduction  of  old  dislocations,  656 
ununited  fracture,  570 
Smith,  S.,  amputation  at  the  knee,  130 
Smith,  T.,  facial  carbuncle,  923,  924 
Snake-bites,  363 
effects  of,  363 
I        symptoms  of,  364 
\         treatment  of,  364,  365 
Snare  for  extraction  of  arrow-heads,  337 
Snow,  administration  of  chloroform,  23 
Socin,  statistics  of  amputations,  8i,  123 
Sodon,  partial  dislocation  of  shoulder,  672 
Soft  cancer,  1042 
chancre,  11 03 
Softening  of  spinal  cord,  794 
Solly,  creeping  bubo,  1112 
South,  fracture  of  coccyx,  610 

separation  of  bones  of  the  face,  575 
Spasm  of  muscles  after  fracture,  544 
Specific  virus  in  dissection  wounds,  382 
Spence,  amputation  at  slioulder,  108 
oftliigli,  135 
fracture  of  neck  of  s('a])ula,  590 
I         modification  of  Teah^'s  amputation,  68 
I         hygienic  conditions  in  amputation,  89 
I  Sphacelation  {atpatceKos,  gangrene),  902 
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Spinal  Conn,  concussion  of,  791 
from  direct  violence,  792 
caiisus  of  death  in,  794 
paralysis  from,  793 
recovery  i'rom,  795 
softening  of  cord  in,  794 
spine  injured  in,  795 
symptoms  of,  primary,  792 
secondaiy,  794 
from  indirect  violence,  796 
diagnosis  of,  806 
meningitis  from,  805 
myelitis  from,  806 
progress  of  symptoms  in,  802 
secondary  effects  of,  797 
softening  in,  806 
injuries  of  the  vertebral  column, 
795 

in  railway  collisions,  792,  796 

prognosis  of,  807 

treatment  of,  809 
compression  of,  791 
effect  of  slight  blows  on,  795 
hfemorrhage  into,  794 
impaired  vision  from  injury  of,  802 
inflammation  of,  791 
irritability  of  in  hydrophobia,  369 
laceration  of  membranes  of,  794 
paralysis  from  injury  of,  811 — 815 
partial  division  of,  815 
softening  of,  794 
syphilitic  disease  of,  1156 

symptoms  and  treatment  of,  1157 
wounds  of,  811 

septic  meningitis  and  myelitis  from, 
811 

Spindle-celled  sarcoma,  1032 
Spine,  concussion  of,  790 
dislocations  of,  822 — 5 
fractures  of,  816 

apparatus  for,  821 
jjrognosis  of,  818 
signs  and  symptoms  of,  817 
treatment  of,  820 
injuries  of,  790 

complicating  concussion  of  cord, 
795 

complicating  fracture  of  skull,  748 

trephining  the,  821 

twists,  sprains,  or  wrenches  of,  815 
Spiral  fracture,  521 
Spirilla  in  infective  inllammation,  168 
Spleen,  laceration  of,  876 

state  of,  in  pya;mia,  983 

syphilitic  disease  of,  1154 
Splintei-s    of   bon(^   in    gunshot  wonnds, 

349,  581 
management  of,  558 
Iirojected,  injury  by,  340 
Splints,  535 

Bavarian  plaster,  541,  638 
Carr's,  606 
Cline's,  560,  638 
Du])uytren's,  644 
Ellis'.",  588 
Goocli's,  535 
Gordon's,  606 

Hamilton's  double  thigh,  626 


Spli  NTS — continued. 

Hodgson's  suspension,  625 
Listoii's,  623 
Manning's,  633,  634 
Mclntyre's,  639 
Nelaton's,  606 
pistol,  605 
rack  and  pinion,  643 
Syme's,  645 

Thomas's  hip,  616,  620,  627 

knee,  625,  626,  634,  635 
Spongy  exostoses,  1019 
Spontaneous  dislocation,  649,  660,  661 

admission  of  air  into  veins,  483,  484 

fracture,  518 

gangrene,  902,  916 
Sprains  of  joints,  507 

of  muscles  or  tendons,  500 
spine,  815 
Spreading  gangrene,  927,  936,  952 

inflammation,  177 
Squamous  epithelioma,  1062 

cancer,  1062 

syphilide,  1124,  1141,  1160 
Stabs,  treatment  of,  334 
Stanley,  paralytic  dislocations,  661 

rupture  of  ureter,  891 
Staph j'lococcus,  inoculation  of,  179,  233 

pyogenes  albus,  233 

pyogenes  aureus,  233,  236 
Starched  bandage  in  fractures,  536 — 53S 

application  to  fractured  leg,  63S 
thigh,  626 
'Stasis,  153 
Stellate  fracture,  521 
Sternum,  fractures  of,  581 
Sthenic    {ctQ^vos,    strength),  inflammatory 
fever,  190 

treatment  of,  205 
Stimulants  in  low  inflammations,  220 

in  snake-bites,  364 
Stings  of  insects,  362 

Stomach,   irritability  of,  after  chloroform, 
27 

rupture  of,  877 
Stomatitis  (o-rd/ia,  a  mouth  :  itis,  denoting 
inflammation),  gangrenous,  923 
syphilitic  in  children,  1160 
Strains  of  nerves,  490.    See  Sprains 
Strangulation,  149,  305 
gangrene  from,  909 
Streatfeild,  eversion  of  eyelid,  828 
excision  of  eyeball,  833 
i  Streptococcus  ])j'ogenes,  233 
\  Strcubel,  statistics  of  dislocation  of  patella, 
711 

Stroma  of  cancer,  1056 

Stromeycr,  gunshot  wounds,  338,  358,  864 

Struma,  1090.    See  Scrofula 

Sti  unions  disease  of  stumps,  76 

dactylitis,  1092 

inllammation,  177 

oiihthalniia,  1091 
I         ozrena,  1091 
Strumous  diseases,  statistics  of,  1093 
Stumps,  aneurism  of,  75 

conical  or  sugar-loaf,  75 

dressing  of,  72 
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Stu  m  PS—  con  t  inned. 

fatty  degeneration  of,  76 
fracture  of,  552 

nialiguaut  degeneration  of,  76 

morbid  conditions  of,  74 

necrosis  of,  74 

l)ainful  and  spasmodic,  75 

secondarj'  lia3morrliage  from,  456 

slongliiug  of,  77 

structure  of,  73 

strumous  degeneration  of,  76 
Styptic  (o-Tuc/jo),  1  contract)  colloid,  314 
Styptics,  in  liiemorrliage,  416 
Subacute  inflammation,  217 

encephalitis,  778 
Subaponeurotic  cephalhematoma,  722 
Subastragaloid  amputation,  122 
Subclavian  artery.    Sec  Ai-tery 

vein,  wound  of,  473 
Subclavicular  dislocation  of  shoulder,  670 
Subcoracoid  dislocation  of  shoulder,  669, 
670 

Subcranial  suppuration,  779 
Subcutaneous    injection    of    mercury,  in 
syphilis,  11 38 

gummata,  11  bo 

laceration,  303 

osteotomy,  565 

section  in  dislocations,  658 

strumous  abscess,  1091 

whitlow,  962 

wounds,  306 
Subglenoid  dislocation  of  shoulder,  656,  671 
Sublimate  wood-wool  dressing,  323 
Subluxation  (sub,  under  ;  luxo,  I  dislocate), 
of  lower  jaw,  664,  665 

of  knee,  713 

of  head  of  humerus,  672 
Submaxillary  region,  difluse-  cellulitis  of, 
957 

Subpectoral  abscess,  856 
Subpericranial  or   subperiosteal  cephalhe- 
matoma, 722 
Subspinous  dislocation  of  hip,  707 

of  shoulder,  670 
Suction  treatment  of  air  in  veins,  487 
Sugar-loaf  stmnps,  75 

Sulcus  of  Eolando,  guides  for  finding  the 

line  of,  766,  767 
Suljthide  of  calcium  in  scrofula,  1098 
iu  chronic  inflammation,  220 
in  syphilis,  1 140 
Sulphide  of  potassium  in  clironic  inflamma- 
tion, 220 
in  syphilis,  1140 
Sulphur  waters,  natural,  in  inflammation, 
220 

Sulphuric  acid  in  cancer,  1072 
Sulpliurous  acid  as  an  antiseptic,  201 
Suppui'ants,  223 

SuppuiiATioN  (suppuru,  I  turn  into  pus), 
228.    See  Abscess  and  Pus 
causes  of,  234 
duration  of,  237 

relation  of,  to  tissue-changes,  234,  235 
symptoms  of,  237,  238 

local,  237 

constitutional,  238 


Suppuration — continued. 

treatment  of,  247 

constitutional,  255 
SUPPUEATION  in  burns,  390 

in  dissection  wounds,  383 

cerebral,  779 

intracranial,  725,  778 — 782 
intrameningeal,  779 
in  joints,  514 
subcranial,  779 

rmder  pericranial  aponeurosis,  723 
Suppurative  inflammation,  161,  176 
Supraspinous  dislocation  of  hip,  694,  708 
Surgeon,  duty  of,  in  regard  to  operations,  18 
Surgery,  operative,  present  position  of,  2 

scientific,  condition  of,  2 
Surgical  fever,  185,  186 

diagnosis  from  pya3mia,  988 

varieties  of,  189 

hygiene,  14 

injuries,  290 

operations,  objects  of,  i.  Sec  Operations 
SuTUKES,  47,  309 

button-,  3 1 1 

in  amputation,  71 

continuous,  311 

ligure-of-8,  312 

interrupted,  310 

Jobert's,  889 

Lembert's,  854,  888 

materials  for,  309 

quilled,  311,  898 

in  wounded  intestine,  887 
Swelling  in  acute  inflammation,  181 

in  chronic  inflammation,  219 

in  gunshot  wounds,  344 
Swing-box,  Salter's,  640,  646 
Syme's  amputation  of  foot,  116 — 119 

excision  of  elbow,  396 

modifications  of,  120 

treatment  of  chronic  ulcers,  270 
fractured  clavicle,  586 

appearances  in  dislocation  of  hip-joint, 
696 

Symonds,  aneurism  in  a  stump,  75 
Symphysis  inibis,  dislocation  of,  691 
Symptomatic  fever,  183 
Syncope  from  chloroform,  25 
Syphilides,  1129,  1141,  1144 

treatment  of,  1144 
Syphilis  [ctym.  uncertain),  1113 

communicated  by  inoculation  on  fingers, 
1123,  IIS7 
by  skin-gnifting,  267,  11 17 
by  vaccination,  11 17 
constitutional  manifestations  of,  1124 
contagious  character  of,  1115 
direct  inoculation,  1115 
transmission  ii'om   ])arent  to  oflT- 
spring.  III 7 

duration  of  transmissive  power 
in  the  parents,  11 18 
duration  of,  11 3 1 
fungoid  origin  of,  1 114 
incubation  oi',  11 14,  11 19  , 
indolent  bubo  in,  1112,  1113 
indurated   or   iiunterian   chancre  in, 
1120.    /See  Chancre 
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Syphiijs — continued. 
infantile,  1157 

communication  of,  1157 
symptoms  of,  1159 
treatment  of,  1164,  1165 
infection  of  cliild  by  wet-nurse,  1 1 17 

wet-nurse  by  child,  11 16 
latent,  11 14 

marriage  of  persons  affected  with,  11 18 
origin  of,  1 1 1 5 
prognosis  of,  1123,  1129 
progi-ess  of  acquired,  11 19,  1124 
period  of  incubation,  11 19 
in-imai-y  sore  or  initial  manifestation  of, 
1 120 

secondary,  1114,  1124 

circumstances  influencing  progress 

of,  1 130 
local  manifestations  of,  1141 
mercmyin,  1134 
treatment  of,  1132 
tertiary,  11 14,  11 24,  1126 
transmissibility  of,  11 17 
treatment  of,  1132 
mercurial,  11 35 
non-mercurial,  1133 
visceral,  1153 
Syphilitic  alopecia,  1 143 
boils,  1 143 
caries,  11 52 
condylomata,  1144 
disease  of  bones,  1149 — 1152 
in  children,  1161 
treatment  of,  1152 
of  brain,  1155 

in  children,  11 63 
hair  and  nails,  1143 
heart  and  arteries,  1154 
of  joints,  1153 
larynx,  1145,  1148 

in  infants,  11 60 
lips,  1 145 
liver,  II 54 
lungs,  1154 
mamma,  1 154 
mouth,  1 145 

in  infants,  1159 
mucous  membranes,  1145,  1148 

in  infants,  1 159 
muscles  and  tendons,  1153 
nervous  system,  11 54 
treatment,  1147 
nose,  1 148 

in  infants,  1 159 
pharynx,  1147 
rectum,  1148 
skin,  1 141 

in  infants,  1 160 
trcatineiit  of,  1 143 
spinal  cord,  11 56 
spleen,  11 54 
testis  1 153 
throat,  1 147 
tongue,  1 146 
viscera,  11 53 
ecthyma,  1142 

in  children,  1 160 
■  epilepsy,  1155 


Syi'IIILitic  excrescences,  1142 

granuloniii,  11 27 

gumniata,  1142,  1151 

inllamnuition,  177 

iritis,  1 149 

keratitis,  1 163 

lichen,  11 42 

lupus,  1 142 

mucous  tubercle,  1144 

necrosis,  1151,  1153 

nodes,  11 50 

onychia,  1143 

ovaritis,  1153 

paralysis,  1155 

periostitis,  1150 

pseudo-paralysis,  1162 

psoriasis,  1141 

pustules,  1 142 

roseola,  1 141 

rupia,  1 142 

sclerosis,  11 50 

squamte,  1141 

stomatitis,  1 160 

teeth,  1 1 60,  1161 

tubercles,  1142 

ulcers,  1143,  1151,  1152 

vesicles,  1142 
Syphilo-dermata  (Syphilis ;  Sepfia,  the  skin), 
1 141 

treatmeut  of,  1143 
Syphiloma,  1127 

of  spinal  cord,  807 


Tanchotj,  compression  in  cancer,  1072 

Taenia  echinococcus,  1008 

Tanjore  pill,  365 

Tapping  abscesses,  252,  253 

Tarantula,  bite  of,  362 

Tarsus,  amputation  through,  114 

dislocations  of,  719 

fractures,  648 
Taj'lor,  cases  of  death  from  soft  materials, 
339 

Teale's  amputation  by  rectiingular  flap,  66, 
67,  68,  100.  126 
restoration  of  lower  lip,  396 
treatment  of  lacerated  urethra,  S97 
Teeth,  syphilitic  affection  of,  1160,  1161 

artificial,  in  stomach,  extraction  of,  854 
Teevan,  experiments  in  fracture  of  skull, 
739 

rdangieetasis  {riKo?,  end  or  termination  : 
OLyytTov,  a  vessel ;  ^kt6iVw,  I  stretch 
out),  1022 

Temperament,  scrofulous,  1094 

Temperature  in  acute  inflammation,  182, 
187 

in  clironic  inflammation,  219 
in  putrefaction,  167 

higli,  a  contra-indication  to  operation,  6 
in  pya-mia,  977,  978 

spinal  concussion,  793,  801 
wounds  of  spinal  cord,  812 
Temporal  artery,  traumatic  aneurism  of, 
472 

Tenax  as  an  antiseptic  dressing,  324 
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Tendo  Achillis,  treatment  of  rupture  of,  503 
Teiidon-ligatxires,  439 
Tendons,  contusions  of,  500 

dislocations  of,  500 

division  of,  501,  534 

injuries  of,  500 

rupture  of,  500,  501 

S])raius  of,  500 

syphilitic  disease  of,  11 53 

union  of,  502 

of  upper  limb,  injuries  of,  504,  505 
Tension,  a  cause  of  inflammation,  166 

in  gun-shot  wounds,  344 
Tertiary  syphilis,  11 14,  1124,  1126 
Testis,  self-removal  of,  895 

syphilitic  disease  of,  1153 
in  infants,  1163 
Tetanus  (re/foi,  I  stretch), 

a  cause  of  death,  in  opei'ations,  17,  81 
Theca  vertebralis,  wound  of,  825 
Thecal  abscess,  963 

Theoduric,  spongia  somnifera  recommended 
tiy,  19 

Thermo-cautery  in  fistula  or  sinus,  258 
Thiersch,  origin  of  cancer,  1041 

salicylic  acid  as  an  antiseptic,  198 
Thigh,  amputation  of,  133 
results  of,  136 

artenes  of.    See  Artery,  femoral 

gmishot  wounds  of,  348,  354 
Thigh-bone.    See  Femur 
Thomas,  fractured  patella,  634,  637 

comminuted  fractures   of  elbow-ioint, 
598 

percussion  in  ununited  fracture,  571 
treatment    of   compound  fracture  of 
lower  jaw,  578 

Thoracic  duct,  wound  of  the,  873 
muscles,  rupture  of,  856 

Thorax.    Sec  Chest 

Thornton,  results  of  excision  of  the  shoulder 
and  elbow,  358 
cold  in  inflammatory  fever,  194 
Throat,  syphilitic  disease  of,  1125,  1147 

wounds  of,  835 
Thrombosis  {dpSfx^os,  a  clot  of  blood),  153, 
985 

gangrene  from,  907 
venous,  550,  641 
Thrombus  {epd/xPos,  a  clot  of  blood),  organi- 
zation of  the,  412,  413 
Thumb,  amputation  of,  96 

dislocations  of,  688 
Thymol  as  an  antiseptic,  203 

gauze,  322 
Thyroid  dislocations  of  femur,  694,  703 

cancer,  1043 
Thyro-chondrotomy,  844 
Tibia,  dislocation  of,  712 
fractures  of,  529,  638 
compound,  641 
Tibial  artery.    Sco  Artery,  tibial 
Tissues,  changes  in  inflammation,  157,  164, 
172,  174,  216,  237,  281 
microscopic  cxaiiiination  of  inflamed, 
160 

tjrjjical  characters  of,  995 
Tobacco-pipe  snake,  bite  of,  363  . 


Toes,  amputations  of,  109 
dislocations  of,  720 

syphilitic  ulceration  between,  1143,  1144 
Tongue,  chancres  on,  1122 

psoriasis  of,  1 146 

syphilitic  disease  of,  1146 

wounds  of,  834 
Tonsils,  affected  in  scrofula,  1093 
in  chancre,  11 22 
Torpid  shock,  291 
Torsion  of  arteries,  419,  420 

compared  with  ligature,  421 

-forceps,  421 
Touch,  impairment  of,  in  spinal  concussion, 

798 

Tourniquet  in  amputation,  43 

Esmarch's,  44 

in  hemorrhage,  415 
Toussaint,  microscopic  organisms  in  infection, 

172 

Trachea,  foreign  bodies  in,  839,  844 

pressure  on,  by  dislocated  clavicle,  666 

stricture  of,  839 

wounds  of,  837 
Tracheotomy  {TpaxeM,  the  trachea  ;  reixuai, 
I  cut),  for  foreign  bodies,  843 

for  air  in  veins,  488 
Transfusion  of  blood,  404 
Transplantation  of  cuticle,  266,  395 

of  bone,  573 
Transverse  fractures,  520 
Traumatic  (rpaO^a,   a  wound)  aneurism, 

462,  471.    Sea  Aneurism  and  Arteries 

arthritis,  509 

pathology  of,  509 
symptoms  of  51 1 
treatment  of,  512 

cephalhydrocele,  730 

delirium,  298,  542 

emphysema  of  abdomen,  878 
of  chest,  859 

empyema,  861 

encephalitis,  776 

epilepsy,  785 

fever,  77,  296 

gangrene,  329,  902.    See  Gangrene 
inflammation,  177 
meningitis,  776 
neuritis,  495 
peritonitis,  882 

treatment,  890 
pleurisy,  861 
pneumonia,  860 
pneumothorax,  859 
Travel's,  dislocation  of  hip  in  children,  649 
effect  of  sewing  wounded  intestine,  888 
investigations  in  inflammation,  150 
ligature  of  arteries,  440 
reduction  of  old  dislocation,  656 
Trephining  the  skull,  766,  767,  786 

for  extravasated  blood,  775 

in  fracture,  747 

for  pus  in  skull,  781 

results  of,  789 

statistics  of  operation  in  American 
war,  789 
the  spine,  821 
Treves,  statistics  of  .scrofulous  cases,  1093 
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Troclmnter,  great,  fnictiuc  of,  621 
Troclinnters,  anipiitution  through,  1 35 

mortality  alter  amimtatioii,  136 
Ti'ochar,  use  of  in  aliscess,  252 
TlTBEECLE,  10S2 

causes  of,  1095 

hereditary  nature  of,  1095 

microscoi)ic  changes  in,  1082 — 10S8 

naked-eye  appearances  of,  1088 

relation  of  scrofula  to,  1093 

treatment  of,  1096 — 1099 

I'lniERCLE,  mucous,  IO26 

painful  subcutaneous,  1016 

syphilitic,  1142,  1144 

of  mucous  membranes,  1145 
Tubercular  abscess,  1089 

diseases,  constitutional  symptoms  of, 
1089 
special,  1090 

sypliilide,  1126,  1129 

ulcer,  1089 
Tuberculosis,  senile,  1096 
Tubular  adenomata,  1028 
Tulpius,  foreign  body  in  air-passage,  843 
TiTMOURS,  991 

adipose,  loio 

ffitiology  of,  997 

areolar,  IC12 

atheromatous,  999—1003 

benign,  992 

bony,  I 01 9 

cancerous.    Sec  Cancer 
cartilaginoi;s,  1016 
classification  of,  991,  995 
colloid.    See  Cancer  and  Colloid 
cystic,  998 
definitions  of,  991 
desmoid,  1012,  1014 
diagnosis  from  abscess,  245 
enchondromatous.    See  Enchondroma 
encysted,  looi.    Sec  Cystic  Tumours 

diagnosis  from  abscess,  looi 
epitheliomatous.    See  Epithelioma 
excision  of,  1077 
fatty,  loio.    Sec  Fatty  Tumours 

diagnosis,  loii 
iibro-cellular,  1012 
fibroid,  1012 

recuiTent,  1032 

of  uterus,  10 1 6 
libro-plastic,  1032 
fibrous,  1012 
glandular,  1028 
innocent,  992,  994 
lymphatic,  1023 

malignant,  992.    See  Cancer  and  Epi- 
thelioma 

general  signs  of,  992 
melanotic.    Sec  Melanosis 
mucous,  1003,  1020 
muscular,  102 1 
myeloid,  1034 
nervous,  1022 
non-malignant,  992 
removal  of,  by  the  knife,  1077 
by  the  cautery,  1080 
the  ecraseur,  1079 
ligature,  1080 


TuMOU  Its — continued. 

sarcomatous.    See  Sai'coma 
scirrhous.    See  Cancer  and  Scirrhus 
sebaceous.    See  Sebaceous  Tumours 
semi-malignant,  992 
vascular,  1022 
villous,  1027 

Turpentine  as  an  antiseptic,  203 

Twisted  suture,  312 

Twists  of  spine,  815 

Tympanitic   [rvix-navov,   a   drum)  abscess, 
243 

Tyndall,  atmospheric  du.st,  9,  857 

microscopic  fungi  in  putrefaction,  169 
Typhoid  fever,  diagnosis  from  py;emia,  988 


Ulcer,  callous,  268 
cancerous,  259 
cicatrization  of,  264,  266 
eczematous,  271 
granulation  of,  264 
healthy  granulating,  264 

treatment  of,  264 
hfemorrhagic,  272 
indolent,  268 
inflamed,  270 
irritable,  270 

local  contagious,  iioi.    (S'ffi  Chancre 

malignant,  259 

on  mucous  membranes,  273 

repair  of,  261 

sci'ofulons,  109 1 

situations  of,  263 

skin-grafting  for,  265 

sloughing,  271 

syphilitic,  1143 

of  mucous  membranes,  1145 
transplantation  of  cuticle.    See  Skin- 
grafting 
tubercular,  1089 
varicose,  272 
varieties  of,  264 
weak,  267 

treatment  of,  268 
TJloeratton,  162,  259 
causes  of,  261 

exciting,  262,  263 
predisposing,  262 
definition  of,  261 
pathology  of,  260 
repair  after,  261,  274 
a  result  of  inflammation,  162,  176 
spreading  of,  262 
treatment  of,  local,  263 
constitutional,  264 
of  arteries,  hemorrhage  from,  256,  458 
bone,  syphilitic,  1149 
cancer,  1045 
of  duodenum,  after  burns,  390 
syphilitic,  11 26 
'  Ulcerative  inflammation,  176 
Ulna,  dislocations  of,  6S2,  686 

fracture  of,  600 
Ulnar  artery.    Sec  Arteiy,  ulnar 
Ulrick,  air  in  veins,  486 
Union  by  adhesive  inllammation,  275 
I         by  first  intention,  275 
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TxioN  of  fractured  bone,  526,  581 
delayed,  566 

by  grannlatioii,  274,  283 

immediate,  274 

of  incised  wounds,  274 

of  nerves,  491 

by  scabbing,  274,  2S2 

by  second  intention,  283 

secondary  adhesion,  274,  288 

of  tendons,  502 
Ununited  fracture,  566 

causes  of,  567,  568 

treatment  of,  569 
Ureter,  rupture  of,  891 
Urethra,  chancre  of,  1121,  1 122 

laceration  of,  895 

treatment  of,  896 

wounds  of,  895 
Urine,  extravasation  of,  892 

in  febrile  conditions,  188 
Uiiuary  organs,  foreign  bodies  in,  894 
Uterus,  cancer  of,  1062 

fibroid  tumour  of,  1016 


Vacca,  ligature  of  arteries,  440 
Vaccination,    syphilis    communicated  by, 
1117 

Vagina,  foreign  bodies  in,  897 
Valentin,  ecchymosis  of  the  loins,  859 
Valette,  treatment  of  cutaneous  erysipelas, 
_  _ 

Vanzetti,  digital  pressure  on  arteries  in  in- 
flammation, 210 
in  varicose  aneurism,  470 
Vahicose  aneurism,  467,  4S1 
in  arm,  468 
in  groin,  481 
in  neck,  472 

pathological  condition,  467 
symptoms  of,  468 
treatment  of,  469,  477 
ulcer,  272 
V,\itix,  aneurismal,  467,  471,  472 
of  arm,  478 
in  neck,  472 
in  a  stump,  76 

symptoms  and  treatment  of,  467 
Vascular  tumour,  1022 
Vaso-motor  influence  of  sympathetic  nerve, 
1 45 

Veins,  air  in.    .SVr  Air  in  veins 
canalization  of,  485 
hc'emorrhage  from,  400,  402 

into  abscess,  256 
injuries  of,  400 

obstruction  of,  a  cause  of  gangrene, 
903,  908 

post-mortem  appearances  of,  in  pyasmia, 
981 

wounds  of,  400 

wounds  of,  communicating  with  arteries, 
466 

Veix,  axillary,  laceration  of,  657 
femoral,  wound  of,  481 
jugular,  wound  of,  472,  836 
subclavian,  wound  of,  473 


Velpeau,  hernia  of  lung,  869 

caustics  in  cancer,  1070,  1071 

cui'e  of  cancer,  1074 

hereditariness  of  cancer,  1046 

torsion  of  arteries,  419,  420 
Vena  cava,  wounds  of,  873 
Venereal  diseases,  iioi 
Venous  ha-morrhage,  402 

injection,  404 

insi)iration,485 

thrombosis,  550 
Ventilation  in  hospitals,  12 

imperfect,  a  cause  of  erysipelas,  943 
of  pviemia,  971 

importance  of,  in  surgery,  9 
Verduin,  amputation  by  the  "flap-method,  60 
Vermale's  amputation,  60,  133 
Vertebraj.    Hce  Spine 
Vesical.    6Vc  Bladder 
Vesicants,  222 

Vesicular  syphilide,  11 25,  1142 
Vessels,  afl'ected  in  inflammation,  180 
development  of,  in  granulations,  285 

in  lymph,  279 
■wounded,  hfemorrhage  from,  402 
Vidal,  inoculation  of  syphilis,  11 19 
Villejean,  constituents  of  bichloride  of  methy- 
lene, 33 
Villous  tumours,  1027 

Virchow,  fibroid  tumour  of  the  uterus,  1016 
formation  of  epithelial  nests,  1064 

of  cancerous  growths,  1044 
pathology  of  inflammatiou,  150,  158 
secondary  deposit  of  cancer,  1044 
white  corpuscles  in  inflammation,  189 
Virus,  nature  of,  in  rabies,  368 
Viscera,  abdominal,  injuries  of,  874,  880 
rupture  of,  874 
i:)elvic,  injuries  of,  892 
syphilis  of,  11 26,  1153 
in  infants,  11 63 
Vision.    Sec  Sight 

Volkmann,  dislocation  from  destruction,  6C0 
antiseptic  dressing  of  wounds,  351,  352 
statistics  of  amputations,  81,  123 
"sharp  spoon,"  254 
traumatic  fever,  296 

Vomiting  of  blood  in  fractured  skull,  734 

Von  Winiwarter,  statistics  of  cancer,  1048 

Vulvitis,  gangrenous,  925 


Wadding  of  guns,  injuries  by,  339,  868 
Wakley,  asphyxia  among  infants,  851 
Waldeyer,  origin  of  cancer,  1041,  1042 
Walker,  treatment  of  fractured  spine,  820 
Wa.llace,  phagedamic  sores,  1105.  I'og 
Waller,  Dr.  A.,  migration  of  blood-corpus- 
cles, 150,  156 
Walsham,    method   of  ligaturing  arteries 
430 

Walshe,  analogy  between  secondary  cancer- 
ous deposits  and  secondary  abscesses 
in  pyaemia,  1044 
comju'ession  in  cancer,  1073 

Wansclier,  administration  of  ether  by  tlio 
rectum,  29 
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Wardrop,   amiuirosis  from  injury  of  the 
frontal  nerve,  832 

excessive  venesection  in  operation,  20 
Warmth  and  moisture  in  acute  inflamma- 
tion, 210 

in  clu'onic  inflammation,  221 
"Warren,  air  in  veins,  486,  487 

axillary  aneurism,  474 

administration  of  ether,  27 
AVakts,  1026 

dissecting  porter's,  383 

venereal,  11 13 
Warty  cicatrices  after  brims,  394,  397 
Wasps,  stings  of,  362 
Water,  presence  of,  in  jmtrefaction,  167 
Water-dressing,  211,  265,  315 
Water-glass  bandage,  542 
Watson,  hydrophobia  from  bites  of  rabid 

wolves,  368 
Weak  ulcer,  267 

Weber,  vascularization  of  the  thrombus,  413 

temperature  in  inflammation,  182 
Weeks,  duration  of  life  in  asphyxia,  847, 
851 

Weguer,  peritonitis  in  animals,  883 
Weigert,  microscopic  organisms  in  pus,  232, 
929 

Wells,  Horace,  nitrous  acid  gas  used  as  an 

ansesthetic,  20 
Wells,  Spencer,  forci-pressure  forceps,  43, 

422 
Wens,  1012 

West,  non-penetrating  wound  of  heart,  87i 
statistics  of  foreign  bodies  in  wind- 
pipe, 843 
Wet-di-essing  in  inflammation,  211 
Wheelhouse,  injury  of  sciatic  nerve,  495 
White  corpuscles  in  inflammation,  155 
White,  inoculation  ivith  saliva  of  rabid  dog, 
368 

compound  dislocation  of  knee-joint,  659 
White  swelling,  219,  1092 
Whitlow,  961 

varieties  of,  961 — 963 

treatment  of,  962 — 964 
Wilks,  syphilitic  visceral  disease,  1131,  1153 
Williams,  Dr.  C.  J.  B.,  blood  in  inflamma- 
tion, 150,  156 
Wind-contusions,  343,  874 
AVind-pipe.    ficc  Air-tube 
Wire  ligatures,  434 

Wiseman,  amputation  after  gun-shot  wounds, 
338,  360 

sources  of  syphilitic  infection,  1 102 
Woolsorher's  disease,  375,  376 
Women,  chancre  in,  1105,  1122 
Wormald,  treatment  of  fractured  spine,  820 
Worm-eaten  caries,  1152 
Wound-diphtheria,  927,  930 

a  cause  of  death  after  operations,  1 7 

causes  of,  931 

treatment  of,  931 
Wounds,  306 

antiseptic  treatment  of,  3,   195 — 203, 

316—325.  351 
an-ow-,  336 

contused  and  lacerated,  327 
dissections,  381 


Wounds — continued. 

dressing  of,  315—325 
gunsliot,  338.    ,S'cc  Gunshot  Wounds 
incised,  306.    ,SVc  Incised  Wounds 
metliods  of  treating,  313 
open,  306 
poisoned,  362 
punctured,  334 
subcutaneous,  306 
union  of,  274.    <S'ec  Union 
Wounds  of  abdomen,  879 

treatment,  885 
of  air-passage,  836 

ankle-joint,  515 

aorta,  873 

arteries.    Sec  Arteries 
arterio-venous,  466 
of  bladder,  892 

brain  and  membranes,  complications 
of,  769 

cerebral  nerves,  768 

cheeks,  826 

chest,  856,  864 

diaphragm,  879 

dura  mater,  741 

ears,  827 

elbow-joint,  515 

eyeball,  830,  831 

face,  826 

forehead,  764 

genital  organs,  894 

heart,  870,  871 

intestines,  880 

treatment  of,  885 

joints,  509 

arthritis  from,  509 
complicating  fracture,  555 

kidney,  891 

knee-joint,  515 

lai7nx,  837 

lips,  826 

lungs,  857 

by  fi-actured  ribs,  580 

mouth,  834 

nerves,  490 

oesophagus,  837,  852 

orbit,  828 

palate,  834 

jmrotid  duct,  826 

penis,  895 

pericardium,  870 

pharnyx,  834 

scalp,  722 

spinal  cord,  811 

throat,  835 

tongue,  834 

tracliea,  835,  837 

urethra,  895 

veins,  400 

vena  cava,  S73 

wrist-joint,  515 
Wren,  Sir  C.,  venous  injection  perfonncd 

by,  404 
Wrcncl'.es  of  s]iin('.  815 
Wrist,  amputdtion  at.  99,  100 
dislocations  of.  686.  687 
dis])laoemcnt  of  tendons  of,  501 
excision  of,  for  gunshot  wound,  359 
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Whist,  fractures  near,  6oi 

wounds  of,  515 
Wrist-drop,  after  fracture  of  humerus,  596, 
597 

Wuiiderlicli,  temperature  in  pya;mia,  978 

YeIjLow  softening  of  brain,  757 
Veo,  Gerald,  antiseptic  treatment  of  frac- 
tured skull,  746 
Yonge,  amputation  by  fiap-melhod,  60 
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Youatt,  caustic  in  liydropliobia,  372 
Young,  compression  in  cancer,  1072 

Zeissl,  treatment  of  bubo,  11 13 

Ziegler  and  Tillmaus,  development  of  new 

connective  tissue,  280,  1083 
Zinc,  salts  of,  in  cancer,  1071,  1072 
chloride  of,  as  an  antiseptic,  200 
Zygoma,  fractures  of,  575 
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